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ABSTRACT 

The global objectives of thts project were to retine and vahdate the content. and to 

obtain preliminary estimates of reliabthty for the STroke KEhabthtation Asscssment of 

Movement (STREAM). Two consensus panels. involving a total of twcnly physlcal 

therapists, pfC'dur.fd an mtermedmte test verSlOn ot STREAM. Based on Imtml 

evaluations of mternal consistency and reliablhty. Items that were rcdundant, llnrelated. 

and/or not lehably scored were ehtmnated. The tillaI STREAM. wtth cnhanced 

content \'alidlty, IS made up of thirty Items cvalllating limb movcments and basic 

rnobility. Two reliabllity studies were condllcted: 1) a dIrect observatIOn of twcnty 

stroke patients by pairs of raters in the chmcal set~ mg. and 2) two repcatcd mtmgs by 

twenty raters :.Ising videotaped assessments of four stroke patients. The STREAM 

demonstrated excellent internaI consistcncy, intcr- and intra-rater rchabihty. and IS now 

ready for prehmmary use in the chnical setting. The favorable results of thts study 

indicate that further testing of the psychometnc propertics of the STREAM 1S 

warranted . 
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RÉSUMÉ 

Ce projet visait le raffinement ct la validation du contenu, amsi que l'obtention de 

donr.ée~ préliminaires sur la fidélité du S1:roke REhabilitation Asssessment of 

M.ovement (STREAM). La version intermédiaire du STREAM fut développée suite 

aux suggestions de vingt physiothérapcutes réparties en deux comités indépendents. 

Suite aux études préliminaues de fidélité et de constance interne, les items redondants, 

non-reliés cntre eux, et/ou non-fidèles furent éliminés. La version finale du STREAM, 

avec validIté accrue du contenu, comporte trente items évaluant la mobilité de base 

ainsi que la fonction motrice. Deux études de fidélités furent entreprises: 1) 

l'observation directe par des paires d'évaluateurs dans le milieu clinique de vingt 

patients ayant subi un ACV, et 2) l'évaluation à deux reprises par vingt évaluateurs des 

enregistrements vidéo de quatre patients ayant subi un ACV. Dans cette étude, le 

STREAM a démontré d'excellents résultats tant au niveau de la constance interne que 

de la fidélité inter- et intra-évaluateurs, et il est présentement prêt pour une utilisation 

clinique préliminaire. Les résultats favorables obtenus lors de cette étude justifient la 

poursuite des évalutions psychométriques du STREAM . 
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PREFACE 

ln physical rehabilitation follow1l1g ~trokc. the ovcrall goal is tn IInproYc a patil'Ilt' ~ 

functional indcpendence. and thcrehy Improvc yualtty of lIfe. The recovcry of 

functional mdependencc rcfkcts 1ll1provcd motor ahihly .1'" \Vell .. '> 1e.lrtllllg of 

compcnc;atory technIques. PhY'iical thcrapy treatmel1l~ III <;trokc rchahllltatlon typl~al1y 

endcavor to mtlucnœ motor ablhty and karning III ordcr :0 Improve an Illlhvdlla\'" 

functioning. Thal 15, thcrapl<;t~ apply tcchl1lqllc~ alllled at cnhalH':lng the motor 

recovcry undcrlymg ch:lngC'i in lTIotor abihtic~. /\~ weil, thcrapl,>ts crealc an 

environment to facilitate learlllng by estahli~hlng .appropn.lIc goal<; and provldl\\g 

fcedbaek. Although many well cstabhshcd Instruments art: avmlahlc fnr cva\uéltmg. an 

individual's overall fUllctional ablltty, none or the cXlsting dlllleal tool-. :\\.\Ilah\c for 

evaluating motor recovery have hcen wldcly acccptcd mto cJinlC.t1 pral'llcc. ft 1<; 

important, howcver. that a sllltah1c outcomc mcasurc he uscd routll1cly for mOllltoring 

the motor rccovery of mdividual~ Ilndergolllg trcalment, a~ Hw. wOlild providc 

documentation of the rate and cxtcnt of motor recovcry from hCI11IJllcgla. ThIS 

informatIon IS reqlllrcd m order to evaluatc the IInpad that phY\lcal thcrapy 

interventions have on the recovery of movemcnt 111 the al fcctcd 1 1111 os, and thcrchy to 

justify physical therapy treatmcnt~ in the rehahllitatlOn of :,trokl'. Docul11cntatlon of the 

recovery of movement in the affected limhs cOllld al~o further our undcr ... t.\Ildlllg of 

how motor recovcry contribute~ to overall functlOnal change .... 

A reeent survey by the Workitlg Group on Outcome Mca~urc~ in Phy~iothcrapy (1992), 

fou1d that several shortcommgs, slich as lack of cltmcal uttllty or lInaeccptahle 

psychometrie propertles, have prevented the eXIstlOg puhli\hcd olitcollle mcasurc<; for 

motof recovery followmg ~troke from being mcorporated lOto rolltlllC c1inieal 1IM!. 

Consequently, our aim was to dcvclop a u\er fnendly Instrument that would pO'iSCSS 

adequate measlirement properties, and that would mect the ncc(1'i of hoth c1inician ... and 

researchers working in stroke rchabihtation. 

The STREAM was originally dcvelopcd and was In lI<;C al the Jewl.,h RehabIlItation 

Hospital in Laval Quebec. ThiS instrument wa<; bnef and easy to admmÎ\tcr, and 

provided a convenient meano;; of objcctively and qua,llJtntlvcly cvalllatmg many of the 

limb and basie mobility movemcnts that are routincly suhJcctivèly a., ... e.,~)(!d hy thcrapl\t<; 

in the c1intcal setting. In additIOn. although no forma! evalucltlon~ had becn made of 

the instrumcnt's psychometrie propertJe~, STREAM .,howcd prOlnt~ of p{)~scssing 

acceptable measurement properties. Our tirst "tep JO this proJcet wa~ to carry out a 
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survey, invol ving the member~ of the neurosclence special interest group of the 

Canadian PhY"'lOtherapy P.~~ociatioll, ta as~es~ the acceptability of the content of the 

instrument. Although the feedback from the slxty-two <;urvey respondents was 

gencrally pO'>ltIVC, ,>cveral pO~'>lblc I1nprovcment<; or refinements werc identified. 

Hencc, the ohjective .. ot the present study werc to improve and validate the content of 

the STRb\M, and to commence the evaluallon of the instrument' s psychometrie 

propcrtie~. 

Over the course of thi~ study, the STREAM evolvcd through <;everal stages. First, the 

original 1I1~,trumcnt was refined, ba~ed on rccommendations made by two consensus 

pancls of cxpcnenced thcrapIsts, to improve the content validlty. Next, this 

inlermediale tcst verSIon of STREAM undcrwcnt prclim1I1ary evaluations of Item 

reliahilIty and thc relation~hip~ betwcen and among Items, and Item reduction was 

carried out. This proccss produced the completed version of STREAM, on which 

further evaluatlOll of reltability, incllldmg the IIlternal consistency, inter·· and intra-rater 

agreement of this complcted STREAM, was done. Two separate rehabihty studies 

were conduetcd. A 'ducet observation rellability study' was done at the JRH to 

determine the IIlter-rater agreement and InternaI consistcncy of STREAM, and involved 

twcnty stroke paticnt~ and paIrs of raters from a group of ~IX partlclpating therapists. 

And, a 'vldeotaped assessments rcIJability stlldy' was done to assess mtra- and inter­

ratcr agrcement on the ~conn~ of videotapcd performance') of STREAM, and involved 

four videotapcd asscs<;ments that werc viewcd and rated on two occasion~ by twenty 

physical therapl~t'i. The five chapters of thi~ th('<;is present the details of the se steps. 

In the ftrsl chapter, the gcneral nced for a chnically useful stoke motor asseSf,ment is 

idcntificd in the slgni/icancc and rationale for the study. The original version of the 

STREAM is introduccd, and information on how and why il was created IS provided. 

As weil, delails of a survey on the acceptability of the content of thi5 carly STREAM 

are prescnted. Ncxt. the conccptual frarncwork, used as a basis for the further 

dcvclopmcnt of the STREAM, IS cstablished. Finally, justification for the further 

dcveJopment and tcsting of the STREAM is gl'len. 

The second chapter is a review of the pertinent literature reJated to this project. The 

chapter is organizcd into threc sections. The first section summarizes the motor and 

functional sequc1ae ()f stroke and the recovery of motof function. The topic of the 

second section IS the assessment of impairment and disability following stroke. In this 

section, issues that complicate the measurement of motor function are identified, and 
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specifie clinical measlIres that are availablc for cvaluatlllg motor recovcry arc 

presented. The third section of this rcview Slll11marlleS the methodology lIscd III 

developing a clinlcal scale and in cvall!~ting the psychometnc propCrîlC'i l\t .111 

instrument. 

Chapter threc present~ the study ohJccllve~ and related method..... 'l'lm chaplci 1\ 

divided into four ~ectlons: the fin,t lI1c1udc~ the mcthod~ relall'd to rctïnlllg and 

validating the çontent of the STREAM, the ~ccond de~cnht:\ thc proœdulcs lI~ed hl Ihe 

direct observation relmbI1ity <;tudy, thc third de~cnbt:s Ihe mcthod., u'icd 111 the 

videotapcd assc~~mcnt<, rehahihty <;tudy, and the fourth descnlw ... Ihe stallsllcal Illelhods 

u~ed in the analysis. 

Chapter four contains the results, whlch arc prc~cnled 111 SIX sccllon.... FII<;t Ihl' rC"iu1t\ 

relating to the content vahdity are prcsented. The"e con"'I~1 of: tÎle chatacteri~IH:'" of 

the consen~us panel participants, a ~um\llary of the CVOlllllOIl of the Jtem~ and ",wfmg 

of STREAM, the internaI conststcncy and mtra-rater agreemc'lt for the ItCII1" IJlrluded 

in the test ver'>lon of STREAM, and an ovcrvlew or rite plOœ\,> pl IlpllI rcducllon 

leading to the completed STREAM. Subç,eqllcnt ... ecllon'; pre ... cnt Il,e re..,lllt ... flOlT1 Ihe 

direct observation and vtdpotaped a .... ;;e~<;mcnl"i reltaolltty stlldlC~ rc<.:pcctlvdy. tncllldJl1g 

sub-seetions for the characten ... ucs or suhjc(,ts and f,ller ... , .tnd the r.lter agreement on 

items, subo;;cale ... and on the c()mpo~llc ~core~ of the IImty Ih."'l s·mI·.AM III ,ld(1I110n, 

the section prcsenting the rc~ult~ of the dIrect nh ... ervatlon "'Iudy conl,un ... the rC<;I1II~ of 

the internaI conslstency analy~i ... for the complctcd STRhAM. 

The final chapter dtsçUs"es the flllding~ I)f the "itudy. Thc chapter II1cludc'l a dl~cus~ion 

of thc content deve\opment and validatIOn, thc internaI conststency, and the fïndlllgs of 

each of the two rcliabthly studies. In addItion, the ÎWO rcltahtltty "iludte ... arc comparcd 

to onc another, as weil as to the rehaolht}' tc~t\llg donc on rclatcd IIlCa~UfC"i. A. gencral 

comparison IS made betwecn the STREAM and Iclatcd :ncaMlfC... In leTlTl<; of 

measuremenl properties and utJ!Jty. And finally, the lImÎtalton ... of thl ... "tudy and thc 

potential limitations of STREAM a5 a mea')urc of motof functÎon arc Idcntlficd, 

implications for future rcscarch arc dl~u.;;~ed, and the concll1~ton" of tll1'-> <,t udy arc 

presentcd. 

At the complet ion of thls proJcct, the rcviscd STRhAM wlth cnhanccd content validity, 

and promi'iing preliminary esttmates of rclJabtlity, 1<; ready for clinical lIo,c and for 

further studies of its measurement propcrtics. 
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CHAP'fER t 

RATIONALE AND BACKGROUND 

1.1 Significance and Rationale for the Study 

Stroke I~ one of the lT'aJor cause~ of mortality and disability in the population, with 

approxlmately 20,000 dcath~ duc to stroke and a further 35,000 indlviduals afflicted in 

Canada cach year (Statlstlcs Canada, 1989). Survlval rates for stro'œ have mcreased in 

the pa~f 25 ycar~, wllh a concomItant îse 10 the number of indlviduals who must live 

with the sequclae of stroke (Blsch, 1989; Bomta, J 992; Bomta et al, 1988; Kotila, 

1984; Mayo et al, 1991a; Mayo, 1993; WHO, 1989). Approximately 75% of 

survivor ... of acute stroke exlllbn moderate to severe motor and flUnctional impalflnents 

initiaIly, and requITc sorne type of rehablhtatton (Jerntorp et al, 1992; Schmidt et al, 

1988); a ~mall proportIon (10% to 20 %) of stroke surv) vors reqlllre permanent 

instItutlonahzatlon (Mayo et al, 1989; Wade, 1992). Stroke, therefore, is a major 

SOCial and economlc burden, the magnItude of which will contlOue to increase as 

survival Improve~ and the proportion of elderIJ' in the populatIOn mcreases (Broderiek 

et al, 1989). 

Hcightened demand for hospltal resource!l has Jed to an mereased need for evaluating 

the eftectlveness of the chl11cal management of stroke. Physiotherapists are being 

ehallcngcd to cnHcally analyze current methods for assessmg and treating ~troke, and to 

justlfy treatment programs based on outcomes. A task force, supported by Health and 

Wclfarc Canada, ha~ rcccntly developed a strateglc plan for encourag1Og the use of 

standard!. 'ed outcome assessments in physlotherapy (Working Group on Outcome 

Mea~ures in Phy~lOtherapy, 1992). Underly ing the goals of this Task Force is the 

knowledge that rehable and valid outcome measures are required for evaluating the 

effectlVcness of mtervrntlOns. 

ln addition to hav10g acceptable rehabllity and vahdity, an ldeal outcome measure 

sholild mclude sufticlent detall to be sensitive ta clinieal change, and sholild be wide 

cnollgh 111 scope to adequately measure the attnbutes and populations for which it was 

intendcd. As well, for an 1I1strument to be reali~tIcally ineorporated into the 

rehabihtatlon program, It must be easy to admmister so that it fpquires minimal tlme, 

eqUlpment, Of trammg. and lt has to be acceptable ta the subJects being evaluated. The 

measures that are eurrently available for assess10g outcomes of stroke rehabilitation 
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vary widely 111 tenus of content and chnical ul1hty. and aho in terll1~ of th~il 

psycho me tric properl1es and the degree to WhlCh these have becn as~e~sed. 

The overall goal of Mroke rehablhtatlOn l~ to minimlLC the Imp.unnenh. dl~ab"ttlc~ and 

handicaps assoctated \VIth stroke and, thrreby. ma,,,mI7e qual1ty of hic. The pnn~:lpa\ 

contributIOn of ~)hyslcal thcrtlp~ m thl<' procc~ ... I~ to Improve motor fune\ton-­

speclfically. to raclhtate the reco'lery of voluntary movcmeni of the affeded IImh ... and 

mobihty (Carr and Shcpherd, 1987: Duncan, 199\). Thu~. a mca ... urc th.ll 1 ... ~cll'>lll\e 

to these changes III motor fllnctlon IS rcqUlred for evaluatlllg the IInpal'l thal 

physlOtherapy mterventlons have on the rate and qualtly of reemery from hcmlpk~gla, 

Measures sensItIve to changes III the quallty of movcrncnl of the afkcted I1mh,> arc al ... o 

reqUlred to enable re~earchers and theraplsts to momtor the course and pattern of motor 

recovery, and for deten1l11l1ng the contnbUtlon that motor recovcry make~ to overall 

functlonaJ changes. 

Despite the Importance of evaluatmg motor recovery. there wa ... no wldcly accepted 

measure avallable to physlcal theraplsts for dm plirpoSC. i\lthollgh ... cveral Ill~trumenb 

currently avaJ!able for mOllltoring the motor recovery of strokc pallcnh have heen ll,>cd 

for research purposes (Badke and Duncan, 1983; Bcrnspang ct al. 1987; J)cllman cl al. 

1987; Gowland. 1982; Hellley et al, 1985; Loewen and Ander~on, 1990), thcy have 

not been widely cmployed 111 chlllcai practlcc. A rcccnt ('anadmn ~urvcy revcaled thal 

eXlsting pubhshed mstrument~ for motor evaluatlon followlIlg strokc arc lI'>cd rolltlllcly 

in only 5% of physlOtherapy departJ1lcnt~ (Worklllg Group on OlltCOIllC Mea..,ure~ III 

PhyslOtherapy. 1992). Among the rcasom cited a~ bamer,> to the routlllC u'>c 01 

existing olllcome mea~ure<, were: 1) lack of knowlcdge or avadabl Illy ot ll1 ... t ru ment .... 

2) poor chmcal utlhty due to complexlty of sconng. admllmtratlon time, and/or 

dependence on eqUipment that may Itmlt portahlhty, and J) a IHCk of 

comprehenslvenes<, for assess1I1g the charactenstlc(~) of IIlterc ... t. A climcal in ... trumcnt 

addressing these Issue~ wa~ c1early necded. 

1.2 Background of STREAM 

In 1986, a scale to mea~ure the recovery of movement followmg ~troke was dcvclopcd 

through a collaboratlve effort between re~earchcr~ and phy~lcal and oœupatlonal 

therapists at the jewl~h RehabIlitation Hospital (JRH), Chomcdcy-Lava1, (Jucbee. Thi!\ 

original Stroke R~hablhtatlOn ~~se'i'iment of Movement (STRtAM) (Appcndlx 1), wa ... 

intended to provlde a relatlvely comprehensl ve, <,tandardlzcd, obJective and quantitative 
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a55es~ment to be u~ed by physIOtherapi5ts for measuring the motor recovery of ~troke 

pallent'). The Item., included 10 the original Instrument were adapted from chmcal 

experiencc, and l'rom eXI~t1Og pubh5hed as~e~sments (Bobath, 1978; Brunn~trom, 1970; 

Fugl-Meyer, 1975). A wlde range of movement patterns, tYPlcally assesserl by 

phy.,lOthcrapIsts for the purpo~c of evaluatmg the motor ~tatus of stroke patients, were 

mcluded. The ongmai Instrument compnsed thlrty-four Items 10cludmg fifteen items 

as~c~.,mg hmb movement pattern~ (mne for the upper extremlty; SIX for the lower 

extremlly), and nmeteen ba\lc moblllty Items (of whlch four Iteme;; " pre performed 111 

~ltlmg, ~I;" In standing and mne mvolved walkmg). The Items asses~ing limb 

moverncnt pattern." and mobIllty items perfor'TIed 10 SItting, were scored on a 

dlchotomous scale (O:unable; 1 :able to perform the test Item); mobility items 

performed 111 !ltanding and walkmg were scored on a four-point ordmal scale related to 

degrec of a~~lstance reqlllTed (O:unable; 1 :requmng tbe help of another mdlvidual; 

2:wlth the help of an aS!llstlve devlce; J:able to perform the test Item mdependently 

and sa t'el Y wlth no ald~). The maxImum total score on the STREAM wa~ sixt y-four. 

The scale wa., pIloted for chmcal ullhty at the JRH for a number of years and proved to 

be climcally acceptable, but no formaI evaluatton of the STREAM had been made prior 

to thi~ study. 

t.3 Contt'nt Verification Sune)' 

A!I a prelll1l1nary step HI thlS study, a content verification survey (Appendlx 2) wa~ 

carried out to a~~c.,~ the broad acceptabihty of the origmal STREAM. A copy of 

STREAM, along wllh a stamped return envelope, was sent to a sam pIe of convemence 

of .110 physiotherapi~tcc, involved in the management of neurological conditions. The 

majonty of thosc ~ampled were members of the Neuroscience DIvision of the Canadian 

PhyslOthcrapy A~soclatlOn. SIXly-two theraplsts respond~d to the !)urvey 1 • 

Theraplst~' opllllon~ ",ere sohclted regardmg: 1) the Importanœ of each item; 2) the 

c1anty and appropriatene~~ of the sconng: 3) the adequacy of the STREAM as a 

measure of motor function; and 4) the extent to which the respondents would use 

STREAM in Ihelr clinical practice. 

1 Although onl) 20'l( ut tho~c ~urvcyed rc:-.ponded, hcalth proft:s!>llmab do not usually rcspond to mailed 
!>urvcy' wllhout eXkn'IVè en~oura.gcmcnt and tollow up (Arl>enault and Clcathcr, 1982). ThiS hurvey was 
not dCMgrwd 10 c,llInak an) pararndt'r or Ic~1 an)' hyp()thc!!l~, ralher Il, alm wa!> to oblam commenls from 
mtcrc~lcd pcr .. on~ a~ to the ullht)' ot STREAM. 
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The therapists were asked to rate the importance of each item inc\uded in the STREAM 

using a five-point scale (1: crucIal; 2: very important; J: moderatcly tl11portmH; 4: 

neither Important Ilor llmmportant; 5: ummportant). The cntena ~et for retam1l1p. 

items reqUired that at least 80% of the rat1l1gs glven by panel members had to be III the 

range from 1 to 3, and le~s than 5 % of the ratmgs cou Id be 111 category 5. 

Based on the above cntena, only three of the thmy-four ttcms were re,lccted: four of 

the sixty-two re~pondent~ (6.5%) rated Jtem~ 2, 5 and 18 a~ ummportant. The rea~on!'o. 

given for reJect1l1g these items related to the potentlal for interfercncc by sholllder pam 

and the ·non· functlOnal orientation of the items. 

Table 1.1 indlcates the responses made to the ~urvey questlon~. Overall, the respon~e~ 

to the survt:y qlle~tlOn~ werc favorablc, cxccpt for the 4uco,tlon of whether th~ 

STREAM would be adequate to assess motor functlOJ1. The maJonty commentcd that, 

if used in Isolation, the STREAM would not be adequatc to plan trcatment. Thi~ wa~ a 

point of confUSIon, however, a~ the scale \\ali noj mtended for plannmg trcatment 

strategie~, but rather for evaluating treatment outcomc~. 

TABLE 1.1 

Results of the Content Verification Slirvey 

(62 person~ r('spondin~) 

Suney Question Proportion Agl'ecing 

STREAM aut:quatc lo a~~e~~ molor function 

Items c1ear 

Scoring appropriate 

Adequate for showmg di fferences in patient status 

Would use instrument 

51 % 

74% 

74% 

89% 

70% 

Despite generally positive feedback, the survey identified many pos<;iblc rcfïncmcnto, 

which could be made to improve the instrument. The mo~t commonly cxprco,<,ed 

suggestions were that the STREAM !.hould include: more dctatl') rclatmg to the quahty 

of movement; more details on po~tural/lrunk control; more mobihty item\; and more 

lower level limb movement Jtem~. ln addition, it wa!. propo~d that the ongtnal 
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~onng (0: unable; 1: able to perform the test item) shoulr.! be mQ(hfied to mcrease the 

respon~ option., III an effort to IInprove the sensltlvlty to change over time. Fmally, It 

wa., apparent that there wa~ httle con~ensu~ regardmg the domains that should be 

incIuded III a chmcal meae,ure of motor functlOn. 

The informatIOn from the ~urvey mfluenced the further development of !he study 

protocol. Rather than commencmg wlth chmcal rehablhty and vahdny studies as had 

initially bcen propmcd, a more preliminary level of scale development was planned. 

Thu~, to enhance content vahdJty, further wor}.. on the content of STREAM was 

imtw',cd. The commcnt~ of the SIxt Y two survey respondents were u~ed as a starting 

pomt for devcloplIlg the conceptual framework descnbed below, and for revising the 

instrument ac, mdlcated 111 the method~ section for content validatIOn (3.1.2). 

1.4 Theoretical Framework 

Glven the complcxity of motor performance m terms of the number of factors that 

potentlally influence motor recovery and functional performance following a stroke, 

defining tJm. phcnomenon in operational term~ pre~ented a challenge. A variety of 

tenns could have been used to describe what the STREAM endeavors to measure. 

IncIudcd arc mator fccovcry, motof abdlty, motor functioll, functional motol' recovery, 

motor pcrformance, motor control, motnCIty, and motor output. Unfortunately, many 

of thc~c tcnm arc not weil dcf1l1cd and may IInply dlfferent concept~ to dlfferent 

indivlduah. We ~clected the tenus "voluntary Illovelllent" and "baSIC 1ll0blhty" to 

dcscnbc the attllbutcc, mcasured by the STREAM, and the following conceptual 

framework wa~ developed. 

Motor rccoyery Ill1plIcate~ a number of neurophysiologic processes at the cellular level. 

ln addItIon, factors sud1 a~ the size and side of the lesion, age, comorbid conditions, 

motivation, communication, cogmtlOn, contractures and pain Impact on recovery. 

Although J! I~ very dltticult to separate the relative influences of these various processes 

and factore" motor recovcry i~ mamfested by the re-emergence of voluntary movement 

and restoratJon of baSIC moblhty. Therefore, the STREAM is intended to measure, in 

the chnlcal scttmg, thesc fundamental hUlldmg blocks that reflect motor recovery. 

The World Bealth Orgalllzatlon' s InternatIOnal Classification of Impalrments, 

Disahlhtws, and HandIcaps (ICIDH) (WHO, 1980) has been wldely used as a 

framework wlthm whlch treatment goals and outcomes of stroke rehabllitation are 



• 

• 

• 

6 

described (Duncan, 1991; Granger and Gresham, 1990; Task. Force on Strok.c. 1')90). 

Within this model Impalrments refer to the pnmary deticits of anatoml~al. blologl~al. 

psychological or phYSlologlçal I)tructurc or fUl1ctlon ob~crvcd ,\'. a rC~lI1t of dl~C.l~C or 

in jury. DisabiiJty refers to the funetlOnal con~equcnce~ of the~c 11l1palrl1lent~. Thll~. III 

the context of physlcal rehabl}uatlon fol1owll1g Mrokc. ImpalTlncnt~ .. lIch a~ parc~I~. 

sensory deticIt~ and abnormal tone may contnbutc to. or call~c. ll1otor dl~blltty ~uch a~ 

reduced aOllity to pcrform pu rposcfu 1 movcmcni~, tran~fcr~. walklllg. and ~ll·tlVIIIC~ of 

daily hV1l1g (ADL) (Granger. 1984; Gnmby et 41\. 1988; Gucclone. 19QOl. ln thl .. 

framework, the STREAM I~ relatcd hit!rarchlcally to othcr mca"lIrc~ 01 111lpalTlncnt~ 

and disablhtles 111 that tt I~ IIltendf:d to measure baSIC motor ablltty--onc stcp bcyond the 

level of the pnmary impairments, and one step beforc functlonal mobl1lly and ADI. 

measure~. 

1.5 RHtionale for Further Developing and Testing the STREAM 

The STREAM may satlsfy the measurement need~ of physlcal therapIsts. Hopcfll1ly, lt 

wIll be suftïclcntly comprehensIve, yet conCIse cnough, to be attractIve for lise l\l hoth 

climcal and research settmgs. Contingent on the acceptahl1lty of the measurcmcnl 

propcrtIes and climcal utihty of the rcvIscd STREAM, tlll~ IIlstrUlTlcnt could ultllnatcly 

streamhne the proces~ of clInlcal motor evaluatlon. Improvc the communicatIon 

between and wlthm chmcal and research sett\llg~, and provide an cxp,lIlded data ba~e 

for future research In stroke rehablhtation. Further retïnemcnt, and evaluatlon of the 

psychometrie propcrtIe~ of STREAM was the[cfofE.~ warramed to cnhancc thl~ scalc' ~ 

potentml for use in measunng motor recovery followmg stroke. 
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CIIAPTER 2 

LITERATURE REVIEW 

2.0 Overvie" of the Literatul'e Re\'ie" 

The literature reVlew fOCll.,e., on the following tOpIC~: the cll11i~al sequelae of stroke 

and rccovcly of motor functlOll, the a~~e~~ment of Impairment and dlsablhty followmg 

~troke, the ~troke motor functlOo assessments currently avatlable for use ln the chmcal 

scttmg .and ln rcscarch, and the ba~lc rcqUiremcnts of scale dcvelopment. The tÏrst 

~ection of the revlew Sllmmanles the motor and functlOnal changes, and the natural 

progrc~sJ()J1 of motor rcwvcry typlcally obscrvcd t'ollowmg strok'. Ncxt, a numbcr of 

gcncral and stroke SpeCI fic measurement Issue~ and controversles are noted. The 

mcth(xh currcntly III u~c for cvaluat1l1g motor recovcry arc outhned, wlth the mam 

focus of t/w, ~ecllon bClIlg on chIllcal I11dlCe~ of motor functIon. Finally, the 

methodology mvo!vcd ln dcvclopmg and tcst11lg clmlCJl l11dlCCS IS pre~entcd 11l detail. 

The mfofl11<1110n provlded 111 each of the toplcal areas of this revlew was used in 

dcvclopmg the study protocol, and 111 carry mg out the proJcct. AI~o, throughout the 

hterature revlew the Slgl11 flcance and ratlonale f'or the study, presented in the previous 

chapter, arc t'urther <;ub.,tantlatfd. 

2.1 Motol' and Functional Scquelae Foilo" ing Stroke 

2.1.1 Clinical pl'e~en'ation of 'itroke 

Cerebral va~cular acc/dent (CV A), or ~troke, IS a rapldly developing neurologic 

dy~functlon dur to a dl~turbancc of ccrebral circulatIon, wlth symptoms persist1l1g for 

more than twenly l'our hour~ or leadmg 10 death (World Health Organlzation (WHO), 

1989). Strokc may bc duc 11) 1I1farct or hemorrhage 111 the di~tribution of the cerebral 

ves~el~, wlth the malont)' of cases nm to 95 %) bemg due to cer~bral 1I1farct 

(Bogou~~la\'~k y. 1988). The pathology of strokc vane~ wldely 111 tenns of cau~e, 

extent and location of \'a~cular dlsturbance, yet a consIderable degree of similanty of 

ncurologleal ~lgns I~ ob~ef\'cd among patIcnts. 

The c1asslr slgn IS a ullllateral motor defiCIt, of valymg severity. Hemlparesi~, or 

wcakne~~ 011 one ~Idc of the body, IS dlsplayed by 70 to 80% of stroke patients (Walker 

et al, 1981; WHO, IY~N). Other, often concurrent. motor deficits include ataxia of 

hmb~ and/or trunk and apparent motor deficJt~ result1l1g secondary to sensory 

dl~tllrbances. Change~ 10 retlexes and muscle tone frequently accompany motor 
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deficlts, typically prc~entmg as carly tlaccldity and dllllllw,hed rl:11exes \\'Ith gradu,\lIy 

increasing spastlcttl' ove1' the ensulI1g days and month~ (Bnllln~trotn. 1970; l'ugl-Mcyer 

et al, 1975; T\\'ltchell. 1951). Communication. contll1enœ and cogllltion arc trcqucntly 

affected to vary mg degree~ and can further Impact on 1110to1' tunctlon. 

2.1.2 Recovery of \Qluntar) movement 

Twitchell (l95 1) followed the cour~e of recovery of II) patlent~ and dc!.cnbcd ,\ tl'plcal 

pattern of motor recovery' followmg ~troke. tl1.1t van cd \VIth rc!.pt:d tn tttnlllg and 

extent of recoverl'. Recovery of movement generally began proxllnal!y. and gradually 

more distal segmcnt~ rcgalllcd motor power. barIl' movement W,\" typlcally Itmlted to 

a synerglstlc pattern of total extension for the lowet cxtrcllHty and total Ilex 1011 tOI the 

upper extrelTIlty, although not ail !,ubject., lit thl~ pattern prccl.,cly Vnluntar'l 

movement control g:-aduaily emerged ~o that 111 ove ment oui ot ~yllClgl' W,I" po.,.,lhlc 

Other~ (Brunn~trolll, 1970; Fugl-Mel'er et al, 1975) have doculllcntcd il .,lIll1lar pattern 

of motor recovery. 

More recently, pattern~ of recovery of mu!.clc strength (a., weIl a., tone and rct lexc~) 

have been studled (Bohanl1ol1, 1988a; Demeunsse et al, !9HO; Gray el al, 1940; Wade 

et al, 1985; Wade and Hcwcr, 1987). Although these authors have de.,cnhed motor 

recovery from a dtilerent perspective, thelr ftndll1gs do not contradlct TWltchcll'., carly 

ob~ervatlOn~. However, the ncurophy~lologlcal ba~l'" of the ~ynctgl~tlC pattern., ot 

recovery, prevlOus!y con<;ldcred to be a result of recovery ot a hlcrarchlcally orgalll/cd 

neural control ~ystcm, ha~ been qucshoned. Blomcchamcal factor." ~lIch a., Imbalance 

of strength 111 oppmll1g mu~cle~, the effech of gravit y , and mu.,cle .,hortcnll1g or 

contracture, have been l1nphcatcd for cxplallllllg the "ynergl.,tlc pattern., Iyplcally 

observed (Carey and Burghardt, 1993; Corco~, 1991; Cral k, 191) 1; Dlell, 1(92). 

In genera1. the extcnt of recovery of movcment tn the \owcr extrel11lty ha., hcell found 

to be greater than that observed 111 the upper extrelllity ((iowland, 11)82; Partndge, cl 

al, 1987; Wade and Hewer, 1987). Approxlmately 1/3 of pcr.,on., .,urtenng a ~troke 

make no functlOnal reC'overy 111 the upper IlInb, whlle 1/3 makc partial recovcry 

sufficlent to u~e the arm tor ~OIllC functlOnal actlvllle." and the remallllng 1/3 make 

more complete recovery. l,Of the 10wer extremlty, only 10% have .,cvere permanent 

motor loss (Wade and Hewcr, 1987). A more rcecnt .,tudy (Duncan et al, 19LJ4), 

however, ha~ reported that the recovery from motor Impamnenh \Il upper and lower 

limbs wa~ equivalcnt. The author~ sugge~t that ncurologlcal recovcry 1Il the IlInb., 1., 

paralle\, but because upper extrelllity ta~b tYPlcally IIlvolve tïncr and mOle cOlllplcx 

---------~--~--
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control than lower extremtty task5., the hmbs may dIffer in terms of functional ability. 

The majonty of patlent5. will make most of theIr motor recovery during the tirst three 

month~ (Duncan ct al, 1994; Kclly-Haye~ ct al, 1989; Wade et al, 1985). The initial 

~venty of the neurologic deficlt and the rate of early recovery of movement are 

strongly predictive of the eventual degree of motor recovery (Dove, 1984; Jongbloed, 

1988; WHO, 1989). 

2.1.3 Reconry of functional ability 

Recovery of functlOn may contInue weIl beyond the early dramatic period of motor 

recovery. particularly in term~ of adaptation and independence in functIonal abihty 

(Andrews et al, 1981; Mayo et al, 1991b; WHO, 1989). In addItIon to the Initial 

!lcventy of motor Impairmcnt~, the rate and degree of functional recovery have been 

found to be mtluenced by tP~ folloWIng factors: location of the cerebral lesion, age, 

prc5.cncc and ~cvcnty of perceptual deficlts, comprehension dIfficulties, depresslOn, 

history of prior stroke, coexIstmg medlcal condItions, sensory defictts, loss of sitting 

balance. and mcontmcnce (Bomta and Beaglehole, 1988; Dove et al, 1984; Gowland, 

1982; Jongbloed and Jone~, 1988; Loewen and Anderson, 1990; Mayo, 1991 b; Oison, 

1990; Osbcrg ct al, 1988; SandlO and SmIth, 1990; Shah et al, 1989; WHO, 1989) . 

Thus, the motor, sensory, cognItive, and emotional sequelae of stroke are all potential 

contnblltor~ to fllnctlOnal àIsabIlity. TrainIng and motivation may also Impact on 

motor and functlOnal recovery (Duncan and Badke, 1987). 

ln tcrms of lIldcpendence 10 ADL, 1/2 to 2/3 of survivors achieve independence or 

have only a slight dependency while the remaInder requlfe moderate to total assistance 

(BùnIta, 1988; Wade and Hewer, 1987). The abIlity to walk alone, with or without 

asslstlve devlccs, IS achieved by 50% to 85%of survivors (Anderson et al, 1979; 

Gresham et al, 1979; Mo~kowltz et al, 1972; Wade et al, 1987). HOsPItaltzation and 

functlonal traInlllg are reqUlred by the maJority of stroke survivors in order for 

maximal functlonal level~ to be achleved (Gresham et al, 1975; WHO, 1989). 

2.2 Measurement of Motor Performance Following Stroke 

2.2.1 Issues in the measurement of motor function 

The World Health Organtzation' s International Classification of Impairments, 

Disablhtic!l, and Halldlcaps (lCIDH) (WHO, 1980), has become the standard 

framework for descnbmg the consequences of dlsease or in jury. Moreover, the 

terminology of thlS classification system 1:) commonly used for defining the focus of 
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physical therapy assessments and treatments. ln physical thcrapy for ~trok~ 

rehabilitation, the evaluation of disabihty involves estabhshlllg If the patient can or 

cannot perform certaIn aetIvitIes; the evaluatlon of impa.irment focu~es on the factor:-. 

contributIng to, or eausing the dysfunetion (Granger, 1984). For example, IIlstrument:-. 

that measure aettvltles of dally hVIng (ADL), sueh as the Barthel Inde," (Mahoncy and 

Barthel, 1965), are classified as dlsabillty measures, and instruments that measure 

sensation, spastlelty or strength. are Impairment measure~. 

The distinction between impalrment and dlsabihty measures becomes le~s clear when 

one cortsiders motor funetion (Jette, 1985; Granger, 1984). Motor functlon IIlvolves 

the Integration of man)' discrete components, such as: sensation, range of motion, 

pain, coordInation, tone, strength, vestIbular funetlon, and cognition (Duncan and 

Badke, 1987). Impairment of any of these components can effeet motor function. 

Sorne instruments measllring motor funetlon attempt to discrimmatc bctwccn and 

identify the contributions made by the IIldividual components of motor funetlOn. and 

include subscales that evaluate pam, range of motion, and sen~tlon. along wlth thm.c 

evaluating hmb movement, balance and mobJlity (rugi-Meyer et al, 1975; Gowland el 

al, 1991). Under the ICIDH framework, sub~cales mea~unng pam, tone. and ~trcngth 

faIl into the category of Impalrment measures, whde mobIllty subseaies are c1as\lfted a~ 

disability meaSUïeS (WHO, 1980). Subscale<, evaluatmg 11mb movements arc gcncrally 

classlfied as motor impalrment measures (Gowland et al, 1991, 1992, and 199]; 

Huijbregts, 1992; Sanford et al, 1993; WHO, 1980). Howcvcr, limb movcmcnl\ 

included in motor functlOn evaluatlons often tend to be related to funetional la<,k\, and 

to refleet the mtegratlon of strength, tone, range, sen~tlOn, and/or coordlllatlOn. A 

recently proposed modification of the ICIDH (Jette et al, 1994) lIleorporate,> an 

intermedlate category between Impairments and dlablhtIe~. Thl~ category, "functlOnal 

limitations", mcludes any restriction or lack of abihty to perform an actIon In an 

expected manner or range. Thus, dlsturbanee~ of voluntary movemcnt of the hmbs 

would be mc1uded ln thls additlOnal category along with ba~lc mobility and ambulatlon. 

This schema may be more suitable for cla~~lfymg m~trurnent~ that arc oncntcd toward\ 

measuring functIonal motor recovery rather than measlInng pure motor Impalrment. 

Similarly. there is a lack of a clear distinction between mea!'.ure!> of motor f unctlOn and 

measures of functlOual ablhty. Whlle functlonal ablhty typlcally refer,> to mdependence 

in ADL, involving element!'. of cogmtive and perceptual functioning, motor functlOn 

relates to more basic movernents (Granger, 1984). A grey area or overlap exi!)tc, 
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between these two type~ of measure~, and activitles such as moving between Iying and 

sitting or ~tandlng, walklOg, or upper extremity tash such as reaching anù grasplOg 

may be mcluded ln both functlOnal lOdependence and motor function evaluations. As 

the abihty ta IOtegrate movements in the performance of motor tasks IS an Important 

aspect of motor recovery, mc1udmg Items that involve basIc mobihty, upper extremity 

movement~ acros') more th an one jomt, or simple goal oriented tasks in measures of 

motor functlon I~ JustIfiable. 

Becau~e the recovery of functioné:11 independence is a major goal of rehabilitation, and 

indice~' measunng the performance of ADL are frequently used as measures of 

rehabllitatlOn outcome, they are also sometlmes used to reflect changes 10 the motor 

statu<, of mdlvlduab who have had a stroke. Functional independence measures, 

however, do not ~peclfically test the motor recovery of the affccted limbs. In the 

ab~ence of motor recovery much Improvement m the performance of AOL can be 

accomph~hed by learnlllg compensatory technique~ (Gowland, 1982; Jette, 1984). 

FunctlOnal mdepcndence measures, thus, summanze the complex integration of 

cogf1ltive, affective and sensorimotor abilitle~, and, therefore, are of limited use for 

rct1cctlOg pure motor rccovery . 

Another Is~ue relate~ to the dlstllletion between the terms "measurement" and 

"assessmcnt" . Although III practlce these terms are often used interchangeably, they 

are not necessarily synonymous. "Measurement" relates to the standardlzed procedures 

used to quantlfy the extent or the quahty of an attnbute or charactcristic, whIle 

"assessl11ent" infer!> a more comprehensive evaluatlon, often involvlflg a more 

"qualItative" or 110n-~tandardlzed approach, and interpretatlon of findings (Craik and 

Oatis, 1985; Leahy, 1991; \Vade. 1992). Detailed assessments are requued for the 

purpo~e of planmng treatments. For overall evaluatlOn of a treatment approach, or for 

operationally detilllng a charactensuc in order to facihtate companson between 

indlviduals, the objectIve is to obtam a quantified summary of the characteristic(s) 

under study, and a detai led evaluation may not be required or practical. 

Becau!!c the mtcndcd use of the measure dictates the amount of detail included and the 

characteristies targeted, several c10sely related guidelines have been used for defining 

the pllrpo~C!! of mea~urements (Femstein, 1987; Kane and Kane, 1981; Kirshner and 

Guvatt, 1985). In general, these schemes include the following categories of 

measurcmcnt pllrpo!!C~: 1) describmg patIents, 2) predicting recovery, and 3) 

evaluating the effects of treatment. In stroke rehabilitation, for example, a therapist 
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might quantify characteristics of individual patients, and U!lC this mformatlOll to 

compare patients, prcdict the probabihty of their full recovcry from stroke, or asses!I 

the effect of a treatment approach. For earh of thesc mea!lurement purpo!lc!I, the 

content and psychometrie requirements may dlffer \0 some re~pect~ (Klrshner and 

Guyatt, 1985). An instrument intended for descnbmg indlvldual!. with1l1 group!:> should 

be comprehensIVe, and measure a11 aspects of attributes that would dlseriminat~ 

between indlvlduals; the mformation provldcd by such rnea!lurc!I can bc lIscd to 

identify and asse!ls the extent of the specltie dlsabihtle!l lInpacting on an IIldlvldual'!I 

performance, and subsequently lead to the appropnate ChOlCC of thcrapcutlc 

interventions. In contrast, predIctive Ill!ltruments are genera11y u!led for !lereenlllg 

individuals for dlsease or nsk factors; the se in!ltrument!l. thercforc. must be qllld, to 

administer, and accurate. but are not requlred to be detalled or comprehen!ll\'e. 

Evaluative instrument~, used for momtonng the chnical Matu!I of patJcnt~ and for 

evaluating the effectivene~s of treatments, must be !lensltlve to ehlllcal change~ ovcr 

time; they focu~ on mea!lunng charactenstlcs that arc expcctcd to change, thcrcfore. 

tend to be less extensive III seope but mc1ude more ~ensltlve and select dctail!. thall 

descriptive measure~ (Kirshner and Uuyatt, 1985). Idcally, ln!ltfllmcnh could he 

developed for servlIlg multIple measurement purpose~. Although aehlcving ~uch 

versatility may requlre sorne eompromlse~ ln term~ of mcctlllg the !lomcwhat 

confhetÎng entena outhned above, the pOSSlblhty of usmg the ~ame lIl~trul11ent~ for 

several purpO!le~ I!I appeahng. 

ln addItIOn to the conceptual issues and controversÎes de~cribed above, there are many 

methodologleal chOlce~ to be made ln devcloping or !.clecting in~trument" to mca!lure 

motor function. Once the conceptuai framework and purpo~e of the mea\uremcnt arc 

defined, appropnate and vahd method~ for measunng the phcnomcnon of rnotor 

function must then he selected. For example, one approach would be to con~ld('r 

motor functlOn 111 terms of cornponent part~ or riomall1~, ~uch a~ hmb movcmcflt~, 

postural stabllity (trunk control), and moblhty, and then to eva!uate a patient'~ 

performance on standardlzed actlvitle~ of graded di ffie ult y wlthll1 cadi ot thc"c 

domains. Moreover, numerous parameters may be used to reflect motor functlon, 

inc1uding: the degrec of a~~i~tance or help reqUlrcd, the tunc takcn to pcrform a ta"k, 

the degree of difficulty perceived ln perfonmng the activity, and the pattern u!led or 

proficiency of the movement (Gan~ et al, 1988). Dccldll1g bctwccn mca~unng the 

ability to complete a task versu~ measunng the quality of the pelformance ean pre~nt a 

dilemma; measuring both aspects, If feaslble. could be the be!lt solutIOn (Craik, 1991). 
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A related problem is whether to measure usual performance, or performance under 

favorable circumstance'). Again, the approach taken will depend on the intended use of 

the mca\urc; for prcdlctlOn of performance after discharbe the former approach may 

be ~elected, while for program planning the latter may be the more deslrable strategy 

(Keith, 1984). Yet anothcr choice is whether to examine the isolated motor fUllction of 

the involved ~ide exclusively (pm~ibly mcludmg sorne aspect of balance or mobility, 

sensation, range of motion, or pall1-- as do many motor function mea~ures for stroke), 

or to inc\ude mea~urement of the so called "uninvolved side", WhlCh in fact is 

frequen.tiy found to be mvolved to sorne extent following stroke (Craik, 1991; 

Lindmark and Hamnn, 1988). Fmally, decisions must also be made regarding mode of 

admlllistratlOn, and regarding reqUtred qualIfications and traming of the evaluator. 

Ob~erver ratmgs of actual performance are more reliable and vahd (albeit more tune 

comlllmng and expcnSlve, partlcularly when trained professionals are reqUlred to 

admllli~ter the test) than are self-report measures, especially for use with cognitively 

impaircd strokc patlent~ (B/!rgner, 1987). 

ln summary, an Ideal approach to measuring motor recovery is yet to be established, 

and a good deal of confu~lOn surrounds the issue of how to define motor function, let 

alone how to assess thls construct optll11ally. USlllg the ICIDH or sll11ilar classification 

system to descnbe the level of dl~ease that is the target of a measurc, and defimng the 

purpo!>c of the measurernent 111 terms of the gUldclInes descnbed by Klrshner and 

Guyatt (1985), !>hould resolve som" of the issues notcd above. Consistent use of the 

standardized terl1111l010gy of these classification schemes would Improve 

interdl!>clphnary commUniCatIOn, facllitate the appropriate u~e of instruments, and 

mlOilfllze confUSIOn related to instrument construction and use. 

2.2.2 Laborat'>ry measures of motor function 

NeurophysiologIc stlldies endeavor to identify the specifie motor pathways disturbed 

and to understand the impmrment!> underlying the disablhty. Laboratory tests to assess 

motor function might include muscle fiber biopsy, mealJurements of torque generated 

during controlled tasks, and/or electromyographlc and kmematic analysis of patterns of 

activIty in selected groups of muscles during controlled voluntary movement or 

functlOnal actlvltie!> (COl'COS, 1991; Knuttson, 1979; Knuttson and M::lrtensson, 1980; 

Rosecrance and GlUhalll, 1990; Sjostrom and Fugl-Meyer, 1981). Isokinetlc testing 

has bcen suggestcd u!> a rneans to evaluate common motor control deficits following 

stroke, inc1uding the abIhty to gellerate force quickly, to maintain the force output, and 
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to terminate force appropriately (Watkins et al, 1984). However. If hyperactive ~trctch 

reflexes of antagomst muscles interfere with reclprocal movement!!. th\! isokinettc 

torque measure then bec:omes an mdtrect mca~urc of rctlcx actJvlty and mll~t be 

interpreted wlth tlus 111 mind. Two Instruments, the hand-hcld dynamometer 

(Bohannon, 1989; RIddle, 1989) and the Cybex Il (Tripr et al, 1991 l, have becn shown 

to be acceptatly reliable for measuring Isometnc and Isokllletlc strength of spa~tlc 

p?tients. No one laboratory test exist!!, howevcr, that adequate1y mcasurc~ ovcrall 

motor functlon or recovery of the affected hmbs. Segment by ~egment an:lly\l~ of 

strength or EMG to evaluate the entire sy~tcm under controlled conditions \\-culll he 

extrem~ly laboriou~ and Impraclical a!! a standard mean~ of asses!!ment, and sllch 

artifieial testing condItIons may not refleet actual climcal abihty. 

Due to the breadth of the domain of motor performance, it would be Ideal to comhine 

the results of laboratory measure!! such as neurophysIOlogIe and kltlCmatIc tc"t~, chlllcal 

measures of impainnents such as strength, sen!lation, and ROM a~~es!!ment~, and 

standardi.led clImcal motor function evaluatIons. ThI~ would provIdc a morc dctatled 

profile of a pattent' s motor function, and a lmh between neurophy\lologlc meChalll\ll1!1 

and chmcally ob!!erved change!! In molor funcllOn (le. a lmk betwccn Impalflncnt~ and 

disability). 

2.2.3 CHnical indices for evaluating motor dysfunction following stroke 

Numerous clinical scales have been developed to measure motor functlOll following 

stroke. These indice!l vary wldely in term~ of conceptual ha~I!!, domain!! mca\Ufcd, 

population targeted. mode of admll11stration and sconng, 10 name jU\t a few 

di fferenees. 

Instruments have been developed for rneasuring isolated motor ~kill!l, sueh a~ walklllg 

(Gronley and Perry, 1984; Holden et al. 1986), balance (Berg, 1989; Horak, 1987; 

Shumway-Cook and Horak, 1986), mobihty (Jebsen et al, 1970; Seaby, 1987 & 1989; 

Tmetti, 1986) or hand functlOn t Carroll, 1965; DeSouza cl al, 1980; Jeh\cn el al, 

1969; Lyle, 1981). Bnef screenlllg tooh, ~uch a~ the Tlmed Up and Go (Pod~Jadlo and 

Richard~on, 1991) providc a quantitative ~ummary score for overall ha~lc mobJlity. 

There are also lI1strument!l available that are not dlsea\e !!pecdic. sllch a" the l'uft .. 

Asses!!ment of Motor Performance (Gan\ et al, 1988). A!! wdl, therc are tn .. ~rumcnt~ 

that include the evaluation of cogl1ltlve functionlllg and functlonal mdependence in 

addition to measunng motor funct!on, sueh a!l the Burke Strohe Tllne Oriented Profile 

(Felgenson et al, 1979). 
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The detailed quahtative stroke motor assessments developed by Bobath (1978) and 

Brunnstrom (1970) appear to be the foundation from whieh numerous quantitative 

inf)trumellh have been devised. Thef)e mc1ude the Fugl-Meyer Semonmotor 

Af)f)essmcnt for Stroke (Fugi-Meyer et al, 1975), the Chedoke-McMaster Stroke 

Af)f)es!>ment (Gowland et al, 1992), the Motor Capaclty Assessment (Lmdmark and 

Hamnn, 1988), the LaVigne Motor Reeo',ery Assessment Seale (LaVigne, 1974), the 

Rlvcrmead Asse~f)ment of Motor Functlon in Stroke Patients (Lmcoln and Leadbitter, 

1979), the Evaluation of the Hemiplegie SubJeet Based on the Bobath Approach 

(Guarna ct al, 1988), and the Physieal Assessment for Stroke Patients (Ashburn, 1982). 

More reeently, a funct10nal task onented Motor Assessment Scale was developed (Carr 

et al, 1985). Th1~ instrument 15. based on the motor control model, whlch assumes that 

motor functlon IS dependent on the interactions between the central nervous system, 

musculmkeleial system and blorncchanics, and that verbal and sen~ory feedbaek, 

motivation, and praetlce can IOtluence recovery (Brooks, 1986; Carr and Shepherd, 

1986 and 1987; Duncan and Badke, 1987; Winstem, 1987). 

An overview of the general characteristlcs of eaeh of these stroke motor assessments is 

given ln Table 2.1. Of the measures noted, the more frequently used in clmical 

settmgs and In re~earch (at least ln Canada) lIlc\ude: the Fugl-Meyer Sensonmotor 

Assc5.5.mcnt, the Chedoke-McMaster Stroke As~essment, and the Motor Assessment 

Scale (Workmg Group on Outcome Measures in PhyslOtherapy, 1992). The 

mea5.uremcnt propeI1\c5. of the~e imtruments have been more extcnsively evaluated and 

documented than any of the other Instruments, and are revlewed below. 

The J"ugl-Meyer Seqsorimotor Assessment for Stroke is a quantitative motor 

assessment bascd on TWltchell and Brunnstrom' s hierarchieal model, which assumes 

that motor functlon ~mproves after stroke In a predlctable sequence of synergistic 

patterm. The rugi-Meyer Scale includes five domams: upper extremity, lower 

extrcmity. balancing abllity, ~ens.atlon. and range of motion. A total of 113 Items are 

included, and are scored usmg a three pomt ordmal ratmg (O:eannot perform; 

l:perform~ partially; 2:performs fully). Item scores are summed to glve mdividual 

domam ~cores (wlth upper and lower extremity subscales summing to a maximum score 

of 100) and a maXImum total score of 226. One rehabllity study involved nineteen 

chrome stroke patients, and fOl!r physical therapIsts who performed three assessments at 

threc-week mtervah. lnter- and mtra-rater rehabihty coefficIents were reported to be 

greater th an 0.85 (pearson's r) for both upper and lower extremity domain subscores 
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and total score (Duncan et al, 1983). Another stlldy, lIsing three physical therapists. 

and twelve patients who were less than six months post strokc and Ilndergoing active 

rehabilitation, reported Intra-c\ass Correlation Coefficient!) (ICCs) for inter-rater 

reliability of 0.96 for total score, and 0.97 and O. Q2 for upper cxtremity and lowcr 

extremity subscale scores re!.pectively (Sanford ct al, 199J). Concurrent vahdity for 

the total scale, and predictive validity for the lower extrcmity subscale have also hccn 

demon<;trated (Clarke et al, 1983; Dettmann, 1987; KIl~off\ky ct al. Il)H2). An 

analysis of Fugl-Meyer and Barthel Index scores for 167 hospital1/cd strokc patients, at 

admission and five weeks later, re\realed that FligI-Meyer and Barthel Indcx i'icorcs 

were highly correlated (Pearson's r). Howcvcr, in tcrms of .,tati~tical power for 

detecting clinical changes. the FugI-Meyer Assessment was a lc~s efficient outcome 

measure than was the Barthel Index (Wood-Dauphinec et al, 1(90). 

Validity of the sequential pattern of recovery has heen supported by Fugl-Mcyer ct al 

(1975) and others (Brunnstrom. 1970; Twitchell, 1(51) in longitudinal studics. Gthers 

however have questioned the "synergy" approach. as not ail patients fo\low thls rigid 

sequence of recovery (Brosseau and Potvin. 1993; Carey and Burghardt, 1993; Carr 

and Shepherd, 1985; Corcos, 1991; Oietz, 1992). Anothcr basic critici~m of the Fugl­

Meyer As~!)sment is that it is not functionally orientcd, and lhus docs not conform to 

the currently popular motor control theory which advocates goal orientet! ~lsscssmcnt. 

Also, this scale does not assess gros~ mobllity or ability to ambulate. TheM. higher 

level motor skI1Is require sequential coordination of body parts. They retlect the &.'bllity 

to integrate movements into functional patterns and are, therefore, important 

components of motor recovery. The upper and lower extremlty ~uh~cales have pr</ven 

to be useful and sensitIve to change, however, the balance ~ction IS coarsc ~nd the 

sensation and range of motion sections are cumbersome and less rcliably mea~l1red. In 

addition, no standardized aUIT';nistration guidelines have been publishcd. Thesc arc 

needed to ensure that testing procedures are consistent across indivlduals and acro')s 

institutions. And finally, a major factor which limits the cltmcal usefulness of this 

scale is the overall length, as 30-50 minutes j!) reqUlred to administer the full 

assessment. 

The Fugl-Meyer Sensorimotor Asscssment was recently mooified by Lindmark and 

Hamrin (1988) to produce the Molor Capacity Asses.-;ment. ThiS ill'itrument IS a 

composite index of sixty-three items; it inc1udes a mobility component, and rncasures 

the motor function of the non-paretic side as weil. This modified scale was evaluatcd 
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for construct validity, internaI consistency, and concurrent validity (comparison with 

Fugl-Mcyer ~cores) on a large sarnple of stroke rehabilitation patients (N =231), and It 

too wa~ reported to be a valid and rehable measurc. However, thi~ Instrument has the 

same inherent lilTiitatlOns a~ the origmal scale. 

CarT and colleagucs (1985), developed a functionally oriented Motor Assessment Scale 

for stroke (MAS). II1~tead of using tlexor and extensor movement patterns or 

synergle~, thls m~trument measures performance of relevant everyday motor activities, 

and a~sume~ that there IS a specifie sequence of actions necessary to accomplish each 

motor tà~k. Eight areas of motor performance pertaining to general moblhty, arm and 

hand functlOn, and one Item related to tone, are assessed and scored on a seven-point 

ordInal ~cale related to qualtty of task performance or seventy of tone. Some of the 

item~ are suhjecllvely described rather th an using c1early defined quantitative ranges, 

therefore, observer ratmg may be open to blas or amblguity. Nonetheles~, Carr and 

colleagues (1985) reported hlgh average correlations for inter-rater (r=O. 95) and test­

rete~t (r=0.98) rehability on a sample of fourteen stable stroke patients. u~mg twenty 

raters. Pean~on' s correlation coefficient, however, does not take systematic bias mto 

account. Although the high correlation indlcates that the scoring was parallel. it does 

not rule out the posslbIllty of sorne raters consistently scoring hlgher or lower than the 

other~. More mformatlon regardmg actual concordance between score~ would have 

been gained had they used lC(s. The developers also studled inter-rater rehability 

using tive vldcotaped patient as~e~sments and twenty tramed raters. with raters' score,'. 

compared to a cntenon score generated by the author. Average percent agreemen 

betwccn ~corc~ wa~ rcported to be 87 %. Crudc agreement, however, does not correct 

for the amount of agreement expected to occur by chance. Poole and Whitney (1988) 

assessed the mterrater rehability of the MAS usmg direct observatIOn of assessments of 

twenty-four patients with a wide range of motor deficits rated by two raters. They 

reported a correlation (Spearmti!1's rho) of 0.99 between total scores, with aIl items 

highly correlatt'd except for tone. 

The MAS was Imxhtied by Loewen ana Andprson (1988) by dropping the item for 

tone. whlch they felt was too subjective. They used se ven videotaped assessments and 

fOllrteen rater~. and reported 1I1ter-rater and intra-rater reliability of the modifie~ MAS 

with excellent agreement for 80% to 85% of scores based on calculated chance 

correctcd Kappa statistic~ . 
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The validation of \he MAS is as yet in the preliminary stage~. Concurrent vahdlty wa!> 

assessed by correlatmg MAS scores with Fugl-Meyer scores on palred Items (Poole and 

Whitney, 1988)~ a11 !'cores were hlghly correlated except for !'Ittmg balance, pO~!llbly 

indlcating thal the MAS Item retlects dynamlc rather than st.1tic balance. Information 

on responsiveness has not yet appeared 111 the hterature. While thls scale has been met 

with enthusiasm because of it!, non-synerglc, functlonally on~nted approach to 

measunng motor performance, It IS not a comprehenSive a!>se!>!>ment of motor futlction 

in that 11 latks details of 11mb movement patterns for the lower extremlly. These have 

been su!-Jsumed in the mobility and walkmg items. Thus. the MAS ylclds a reiatlVcly 

general summary of motor tunctlon, and provldes less msight II1to the !'peelflc area~ of 

the body where reco\'ery l!' occurring than do other measurel) that are organlzed into 

more detailed subscale~ for upper and lower limb motor functlOn and mobIllly. 

Another inconvenience 111 U!>II1g thls scale in chllIcal practlce I!> that a numbcr of prop~. 

such as jelly beans, pen caps, and tea cups. are reqUlred for administermg the 

assessment. 

The Chedoke-McMaster Stroke Assessment (C-MeSA) is a recently developed 

clinical assessment whlch IS currently undergoing evaluation of It!, measurcment 

properties. It IS intended to be a comprehensive clmical measure for evaillative. 

predictive and discnminatlve purpo~e~. Coneeptually the seale IS ba!led on the WHO's 

ICIDH. a'ld lItihzes Brunnstrom '5 synergies. The instrument II1clllde!. a phy!.ical 

'impairment' inventory (SIX Item~ measuring the stage 01 recovery of the arm. hall(!, 

leg, and foot, postural control, and shoulder paIll) and a disablhty Inventory (fourteen 

item!' mea~unng gross motor function and one item asse~sing walklllg abihty). tach 

item is scored on a seven polllt ordinal scale (related to stage of recovery for the 

impairment ltlventory and to degree of mdependence for the dl~blhty 1I1ventory) exccpt 

for the two nunute walkmg test which is worth two bonu5 points if performance IS 

normal. Thc maximum score for the impalrment inventory 1S [orty-two; the maximum 

score for the dlsabllity mventory IS 100. 

A study was carried out to determllle 1I1ter-rater, intra-rater, and test-retest rel iability, 

the concurrent and construct vahdlty of the entlre measure, and responslveness of the 

mobility component (Gowland et al, 1992 and 1993). Inter-rater agreement was 

assessed by havlllg two theraplsts score a sample of tlllrty-two 1I1-patlent and day 

hospital slroke patIents during thelT first week followmg admiSSion. Thc physlcal 

impamnent Illventory had ICCs ranging from 0.85 to 0.96, with an ICC for the total 

1 
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score of 0.97. The ICCs for the disabihty index were 0.98 for the individual items and 

0.99 for the total score. Intra-rater agreement was a~sessed using admission scmes, 

and videotaped adml~sion a~~essments of the same stroke patients scored by a therapist 

after a minimum interval of two weeks. The ICCs for the physlcal inventory items 

ranged from 0.93 to 0.98 and was 0.98 for the total impairment inventory. 

Construct validlty W;.tS assessed by comparing specific items on the C-McSA with 

selected simllar components of the Fugl-Meyer Sensonmotor Assessment and 

Functional Independence Measure (FIM). Ail correlations were found to be high, with 

the excéptlOn of a moderate level of a~sociatIOn found between shoulder pam and upper 

limb pam scores (r=0.76). Concurrent vahdIty wa~ assessed by comparing the C­

McSA impairment inventory scores wlth total Fugl-Meyer scores (r=0.95), and 

disabihty inventory scores with FlM scores (r=0.79). In addition, variance ratios for 

admls~ion to dlscharge change scores (obtamed by dividmg the variance due to change 

by the sum of the vanance due to change and error variance, with values close to one 

retlechng maximum responslveness) (Norman, 1989) were 0.53 for the disability 

inventory as compared to 0.39 for the FIM, suggesting that the C-McSA disability 

lllventory is more responsive to change than the FlM . 

The theoretlcal basis of the ('-MeSA has been presented m detall (Gowland et al, 1991 

and 1992; HUlJbregts, 1992; Moreland et al, 1993). The content validlty of the 

disabIllty mventory has been reported; thlrty-one patients and twenty-~even care givers 

were ask.ed to rate the items on a seven point scale in tenus of perceived importance 

(I:unimportant to 7:very Important), and the mean score given for all items wa~ above 

six (HUlJbregts, 1992). The content vahdity of the 'impairment' inventory, however, 

has not yet been reported. The overall assessment of reliabihty and vahdlty, although 

prehminary, has thus far been exemplary and the results support the use of this scale. 

As wlth the Fugl-Meyer motor assessment, however, a dependence on synergi~tic 

patterns of movement and the overall length of the assessment are two inherent 

drawbacks. 

Table 2.1 sUimnanzes the avatlable informatIon relating to the general characteristics 

and psychometnc. properties of the three measures presented in detail above, and for the 

maJority of publtshed stroke motor as!.essrnents. As can be seen in the table, the 

information nvallable on many of these mstrurr,ents is extremely hmited. They have, 

howcver, bcen mcluded for completene~s, and because the lllformation that was 

avatlablc on these instruments was helpful in the present project. 
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2.3 Scale De\'elopment 

2.3.1 Basic principles of scale development 

Measurement can be defined as the proce~~ of hnkmg ab~tract conccpt~ to cmpinl:a\ 

values (Zeller and Carmmes, 1980). The first step, and po~~lbly the gre.ltc~t challenge 

in developmg an Instrument for measunng an ab~tract concept, l~ to e.,tahh~h li 

conceptual framework. This conceptu.!l framework then deterl1ll11e~ the ~COpè of the 

measure, the domams 1I1c1uded and the method by whlch the y arc a.,~e!-'~cd .• \~ wcll a., 

the uses and populations for wll1ch the measure IS appropnate (Green and Lewl ... , 1 l)86; 

Ware, 1987). Operationally detïnmg the comMuct present~ the ne",t challenge. For 

this, scale developers need to c1early dehn .. :ll\: the domallls to be measured, ~e\ect the 

most appropnate llem~ to reflcct the con~truct of 1I1tcrest, and dc~cnbc iI1 delall how 

these item~ will be scored (Michels, 1983; Ware, 1987; I.eller and Carl1lIl1c~, 11.)~O). 

Havmg declded what I~ to be measured, and how to mea~ure Il, the nc'\! ~Iep t~ 10 

assess how weil the theoreucal concept IS be1l1g retlccted. Thl~ IIlvo\veo., e~labh~hll1g 

the mea~urement propertIe~. The procedures ü~cd for developlllg and evaluat11lg an 

instrument, such a~ a chl11cal mdell. of motor fuoctlOn, are de~cnbed be1ow. 

2.3.2 Desirable attribute!! of clinicat !!cale!ol 

Severa! authors have de~cnbed the vanous cntena whlch mu~t be met for a cil n Il..:al 

scale to be coo!olldercd a satl~factory mea~urement tool (Bergncr, 1987; DcVc\h~, 19t)1; 

Jette, 1984; Kane and Kane, \98\; LaRocca, 1989; Law, 1997; McDowell and 

Newell, 1987; Roth~tein, 1985; Stremer and Norman, 1991; Ta~k J'oree on Slandard~ 

for Te~ts and Measurements 111 Physlcal Therapy, 199\; Wade, 19t)2). On the practlcal 

side, there are a number of con~lderatlOm If a ~cale 1" ITltcndcd for L1.,c 111 the dUl\l:al 

setting: 1) ease of admllllstratlon, recordl\1g and ~conng; mmllnal cqlllpmcnt, "pcclal 

trammg or experlt~e requircd, 2) mode of admll1l~tratlon, ~uch a~ ~clf-rcpor! 

questionnaire, IIltervlcw, or duect ob~ervà.tlon of performance, 3) re~polldcnt burden 111 

terms of tlme reqUlred 10 complete the te~t, lI1conVCl1lcncc or dlscomtort, and 4) ~atcty 

and appropnatene~s for sample targeted. In general term~, a ~cale ~hould bl' 

quantItative, obJectlvc, and comprehcn~lvc, yet concl~c and attractive tur U!olC chl1lcally. 

In addition to the above practlcal con~lderatlon~, an l\1"trumenl mu"t dcmonMratc 

acceptable mea~urement propertJc~. ReliabIllly and valIdlly arc the ba"lc mea~urcmcnl 

propertles typlcally Ideotitïed a~ nece,,~ary altnbute~ of an m"trumcnl. Re~pon~lvenc~~ 

of the ~cale for identifying chmcal change i~ anothcr dC~lrablc ~cale charactemllc. The 
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concepts of reliabtJity, validity and responsiveness compnse the psychometrie or 

measuremcnt propt:rtic~ of a ~ale. 

2.3.3 Reliability 

Reliablluy, or reproducibllity, Tcfers to whether the measure performs consistently 

(Feinstein, 1987). ft may be examined in relation to the consistency of scoring 

amongc,t Oh~rvCTS. the stabihty of the measuring device over time, or the ctegree of 

internaI conslstcncy of an instrument (Borg and Gall, 1989). The concept of reliability 

is associatcd wlth a lack of random crror, where possible sources of variabiJity or 

random mca~urement error may include th~ observer' s judgement, the subject's 

performanœ, or the dtscnminatory power of the instrument (Kieth, 1984). The 

environment and ttming of admmistratlon can also contribute to variability (Rosenbaum 

et al, 19(0). By the c1a~~ical test theory. rcliabihty is defined as the proportion of true 

vanance to observed variance (the sum of true and error score variances); by the 

analysis of variance (ANOVA) model, reliability i~ the proportion of nonrandom 

"ariance, and the proportions of vanabllity due to subjects, raters, and random error 

can be estimated (Bravo and Potvin. lC)91; Ze1ler and Carmines, 1980). For both 

modcls, estimates of re1iabihty vary between 0 and l, where smaller error variances 

result in rehability coeffiCIents doser to 1 (Bravo and Potvin, 1991). 

A rehable measurement win yield consistent or reproducible results when the 

characteri!\tic heing measured remains stable (Nunnally, 1978). If a scale is found to 

have high reliabillty. then changes in scores can be attributed to actual changes in 

patient status as oppose<! to human measurement error. If the reliability of scoring IS 

found to be low. it can be enhanced by 1) providing c1ear instructions or a weil defined 

protocol, 2) basmg ratings on c1early stated standardized objective criteria, 3) training 

rater .. , 4) using standardlzed testlng conditions, 5) ll'creasing the number of test items, 

and/or 6) using an average of rep1icate measurerrlents (Krebs, 1987; Stremer and 

Norman, 1991). 

Severa1 different types of reliability are identified and may differ in importance under 

different measurement schema. Inter-rater reliability refers to the degree of 

consistency of test scores given by two or more raters. lntra-rater reliability refers to 

the abllity of one rater to achieve consistent results with repeated testing under stable 

conditions. The test-retest relIability of a measure refers to the stability of test scores 

achieved with repeated administration on stable subjects. Thus, white intra-rater and 

inter-rater reliability are dependen' upon the scoring consistency of the evaluators 
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administering the test, test-retest reliability is dependent upon the charactcristic~ of th!.! 

test itself (ie. the stabllity of test performance over time). The duratlon of the mterval 

between adminIstrations can effect the reliabllity estimates obtained. This IS. thcrcforc. 

an important consideration in rehablhty testmg: memory effects may confound result~ 

if the interval is too short. and the attnbute may change If the Inlerval I~ too long. 

For evaluating chmcal mdlces, these fonns of relrabJlIty are generally asse~sed by 

measunng the agreement between observers' ratmgs of the same (Wlof, 'rmancc, or the 

agreement between two admimstratlOns of the test that are separated bnetly 111 tllne. 

U se of' vldeotaped performances IS one means of ensuring stabihty of the ~ubjcct' ~ 

performance, thus, allowmg mferences to be made about the mea~urement error 

attributable to the observers. The comlstency of raters' rating~ should be as~c!.~cd for 

any new measurement scenario, as rehabihty estlmates pertam only to the ~pecttïc 

conditions under WhlCh testmg occur~. Also, thorough report~ includc esumatc~ of the 

rehability of each mdlvidualuem, subscales and total scale score~. 

Internal conslstency, or the homogeneity of a measure, refer~ to how the tc~t itcm~ 

relate to each other and to the collection of test Items as a whole. It concerns the 

degree to WhIch Items mtended to measure the same charactenstlcs rccclvc slImlar 

ratmgs when te~ted. The mternal consistency of a mea~ure i~ an Important 

consideratIon when an Instrument i~ made up of a number of Item~ winch arc ~ummcd 

to produce a total score WhlCh 1~ intel1ded to measure an abstract eon!,truct, ~uch as 

motor performance. Tins form of rt"liabihty l~ typlcally e~tlmated by Itcm to Itcm or 

item to total correlation. or by Cronbach' s coeffiCIent alpha, WhlCh repre~ents the 

average correlation among items wl!hln a test (Cronbach, 1951). A hlgh value of alpha 

(greater than 0.80) sugge~t~ that the overall score attamed u~mg the multiple Item~ I~ a 

better reflectlOn of the underlymg factor than can be obtamed by lOdl vldual ltcm~ aJonc 

(Nunnally, 1978). 

2.3.4 VaUdity 

Validity refers to the extent to which an instrument measure~ what Il IS mtended 10 

measure. In other word~, it is the fidehty of the inference~ made whcn interpreting a 

measure. Vahdlty, thus, is determmed by the extt!nt to WhlCh the underlymg 

phenomenon or concept of interest 15 reflected by the measure, and by the accuracy of 

the measure. As wlth reliabihty, validlty 15 a matter of degree. Both random and 

systematic error or blas can contribute to a reduced va1iday, hence reh.tbllIty i~ a 

prerequisite of validlty. Vahdity IS also context speCIfie; though an Instrument may be 
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valid in one setting or for one group of individuals, it may not be valid in other 

circumstance~ (Nunnally, 1978). A measure is only validated for a given purpose, and 

mu!!.t be rea~~e!.~ed for any novel apphcation of the measure, thus, in actuality it is the 

application of the in!>trument which is validated, and not the instrument per se. The 

proce~~ of vahdatlon requirc~ accumulatlllg empirical evidence to support that the 

instrument actually measures what it purports to measurc. The conceptual forms of 

validHy discus!lcd Ifl the hterature include content validity, cntenon validIty (also 

referred to as concurrent and predIctive validlties) and construct validity. 

Content valJdJty refer~ to the repre!lentativeness, or the degree to whlch the items refleet 

the full domain of interest. Thus, content vaIidlty relates to whether the domain is 

adequately covcred, and how weIl the items maktng up the imtrument represent the 

spectrulll of possible Items which could be chosen to measure the domalfl. Measures 

that tap the full range of a domalfl will yield a wlde and appropriate distnbution of 

score~ (Ware, 1987). The basic processes involved in obtaimng content vahdlty are j) 

specifying the domam of contcnt, and 2) constructmg and/or selectll1g Items associated 

with the domaw of content (Zeller and Canmnes, 1980). Severa} steps are advocated 

to produce a .,cale which po~~esse~ content vahdIty, inc1uding the followmg: 1) a 

thorough revlew of the hterature related to the content area, 2) c1early defining the 

ob.iectIvc~ and target populatIOn, 3) questioning patients and knowledgeable 

profes~lonab to formulate representatJve test items and to generate an Item pool, 4) 

prepanng and trialing a prototype, 5) repeated reVIews and refinement~ of the 

instrument by consen~u~ of a panel of expert judges, and 6) StatlstlCal analysis to 

examme whether Item~ group together as hypothesized and to identIfy how best to 

construct a compo~lte Index (Borg and Gall, 1989; Green and Lewis, 1986; Guyatt et 

al, 1987; Johffe, 1992; Stremer and Norman, 1991), Fa..:tors to be con~idered in 

selectmg items and scales tnc1ude the goals of the measurement, practica\ 

consideratlol1~, and the population of mterest (Ware, 1987). 

The 'face validlty' of a mea~ure is based on an expert's opinion regardmg tht content 

of the ~calc, and the 'consen~ual val irlity, IS based on the opmions of a panel of 

experts; the se are two sub-types of content validuy. Two techniques for obtaining 

consen~us that have been widely usee! in instrument developmcnt are the "nominal 

group technique" and the "Delphl process"(Delbecq et al, 1975). Bnefly, the nominal 

group technique lIlvolves a structured meeting that follows a prescribed format. With 

thi!l techmque, relevant ideas are contributed by each participant. These ideas are 
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recorded and then discussed in an effort to elabor3te the meanmg and to generatc 

further suggestions that may have been missed. Finally. a vote IS taken on each 

suggestion. The decisions regardmg implementmg the suggcstlon!l arc ha!'cd 011 él 

priori criteria. Tite other consensus method, the Delphl proceS5. mvolve~ !.ohcitlllg and 

collating judgements through a sene5. of mailed questIOnnaires. The IIlformation 

derived from earher responses is summanzed and inc1uded with each questlonnalfe. 

The process is repeated until the response5. from l'artlclpant~ approach con~l'mll~ 

(Dalkey, 1967). Studles suggest that the two consensus methoo5 de~,cnbed yleld 

comparable results, however, the results obtained from the nommaI group techlllquc arc 

more ilnmediately avallable (Delbecq et al, 1975). For these and 5111l11ar cOIl!'emu!' 

methods, an agreement score can be ca1culated on the extent to wInch expcrl~ ap,rec on 

the appropriateness of the items and domains of whlch the II1strumelll I~ compT\~ed, 

thus providmg an empirical measure of consensual validity (Green and Lcwi~. 1(86). 

The attnbutes appraised as part of content validatIOn may mc\ude: omiSSIon of 

important variables, inc1uslOn of mappropnate variables, welghtmg of vanablc~, and 

clarity or senslblhty of presentation (DeVelhs, 199 1; Femstem, ! 987). 

Criterion vahdIty refer5. to the relatlOnshlp between the score~ obtamed u~lI1g the !'calc 

and another external criteria or measure of the same phenomenon. Two suh-typc~ of 

crterion vahdlly have been descnbed m relatIon to the timlllg of the a~\c~~mcnt~; thc.,c 

are concurrent and predictive criterion vahdlty. Concurrent cnterion vahdlty refer~ to 

the relationship between the seale score and the cnterion mea5.ure a!l~e!>~ed Cll the !>amc 

point in tIme, and i5 frequently reported as a correlation between the te~t ~core~. 

PredictIve cntenon vahdity IS evaluated by the correlatIOn of ~calc !'corc wlth a 

criterion measure or event whlch occurs at a later date. Evaluation of predictive 

validity requires a longltudmal study, or retrospectIve evaluation of mca~urcmcn'" 

obta.ined at dlfferent pomts m time. 

Ideally cntenon vahdlty IS assessed aga1l1!.t a "gold standard" or univer!>ally acceptcd 

meaSl1re of the phenomenon of interest, if such a measure exists. If the mea!>ure being 

developed is found to correlate hlghly wIth the accepted measurc, yet I~ lc~~ mva~IVC, 

less expenSlve, and/or eaSier to administer than the so-called Il gold-5.tandard', It may 

then be utIlized in place of the standard mea~ure. Unfortunately, many conccpt~ are 

abstrar.t and have no generally accepted "gold standard" to !'erve 3\ cri tenon mea\ure, 

thus, careful selection of a ~uitable related mea~ure WhlCh approxlmate~ the 

phenomenon of interest offers the next best alternative. The strength of the a!'~lation 
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found between the measure!' will be affected by the adequacy or representativeness of 

the criterion mea~ure ~elected; caution must therefore be exercised in interpreting the 

re~ult~ of cntenon vahdJty studie~. 

COIJ5fruct vahdJty relate~ to testing as~umpttons that an tnstrument measures a specifie 

concept, and that the glven concept performs according to theoretical expectations 

(Zeller and Carmllle~, 1980). Measures of abstract concepts that are not defined 

adequately by a cntcnon measure, or a universc of content, must possess construct 

validity. Nunnally (1978, p84) has eloquently expressed the dtfftcu1tte~ encountered in 

vahdatnig a mea~ure of an abstract phenomenon, saying that "the degree to which it is 

nece~~1) and dtfficult to vahdate measures ... is proportlOnal to the degree to whlch the 

variable i!' concrete or abstract." For constructs such as motor functlOn, the task of 

constru'::t vahdatton i~ an exerCI!le in creattvity and logic; the more ways that construct 

validIty of a new mea!lure i~ tested, the greater the confidence one can have in the 

performance of the measure (Del Greco et al, 1987). 

In construct vahdatlOn, assumptlon~ are made about the dimen~ions which a composlte 

mea5,ure, const5,ttng of multIple items, i~ mtended to reflect. Factor analysis is a means 

of empirically testIllg the strength of relatlOnshlp~ between ltem!l or domams of an 

instrument; Item!l intended to rneasure the same underlying concept correlate highly 

("converge and load hlgh") on one factor (Cronbach, 1951). Assumptions are also 

made about a network of mterrelatlOnshlp5, amongst constructs external to the 

instrument. Hypotheses may be formed about the behavlOr of test scores III numerous 

situations, and correlations between assoclated measlJres examined for predicted 

dtrection or magmtude of relationshlp. The correlations u~ed lJl cntenon-related 

valtdlty aS!le~!lment can also be used for construct valIdatIOn, whlch may result in some 

confusIon between the~e two issues. The investIgators intent, the theoretical 

explanatlon of a construct versus comparabiitty to related measures, is where the 

dlfference Iles between these two fonns of vahdlty testing (DeVelhs, 1991). 

Tht: proce~s of scale valIdation j~ a cumulatIve task; it IS only with accrual of eVIdence 

from repeated and vaned validity assessments that a clinical scale gams credtbility. 

Furthermore, vahdity of the measurement tool IS not sufficient to obtain valid results in 

a study; validity of design and analysis are also crucial (Nunnally, 1978) . 
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2.3.5 Responsiveness 

Responsiveness, sometImes referred to as sensitivity to change, is the ability of a scale 

to detect chnically important changes in the charactenstlc of intercst oycr tune. In 

studies of treatment efficar.y, where recovery is expected to OCCUï in small but 

c1inicaily important increments, a scale whlch includes Items that the treatment program 

is expected to Impact upon Will likely be the mo~t responslve to change III patient statu ... 

(Bergner, 1987). By inc1udmg items that effectlvely dctect change~, and by oftering a 

range of response options, the measures potentlal to Identlfy tiner gradat\{m~ of change 

is enhanced (Rosenbaum et al, 1990). Thus, m order to be hlghly rc~pon~lve, &l ~calc 

must be reliable, and must he adequately scaled for the de~lred degree of 

discrimination. As patients may expcrience improvement 1fI sorne area~, whilc \Il othcr 

arPlS no change or a detenoration may occur, It may be of IIlterest to examll1e change 

score") Item by item to reveal mdlvidualltem~ retlecting the greatcst change~. 

A number of empmcal methods have been ~uggested to mea~ure a ~cale'" 

responsiveness (Deyo and Centur, 1986; Deyo and Inui 1984; Liang et al, 19X5; 

MacKenzie et al, 1986; Sackett et al, 1977). One meal1'~ IS to slInply exaJ11I11C the 

range of changes in score~ III term~ of expected directIOn and magl11tudc 01 change, 

taking mto consideration the variance present In the mcasurement~. ('orrelatlom 

between score changes mea~ured by a Ilumber of related IIlstrumcnts (ie. adml~"I()n to 

discharge change score~) IS another means used to estllnate the relatIve re~pon"lvenC\~ 

of an mstrument. It may be poSSible to examllle the wlth1l1 pcr~on change followlIlg an 

intervention of known efticacy; withm-patlent score change., (le. berme and after the 

intervention) for vanous measures can be Imearly transformcd to a commoll range 01 

po~slble values (eg. out of 100) or z scores can be ca1cu\ated to compare mea<,ure.,. 

Liang et al (1985) used t-statlstic~ to reflect ~cale~' relatlVc re~pon~lvcncs~ as comparcd , 
to another measure's t-statlstlc. The ratio betwee., t-statl~tlcs I~ essentlally equal to the 

ratio between coeffiCients of vanatlOn, except that the t-Statl~tIC mclude., a sarnplc-~Ile 

factor that corrects for unequally sized samples lfI ca~es where data IS ml<,~mg. )'1I1ally, 

a model has been proposed wherehy a chmcal scale can be lookcd at a., a diagnŒtll: 

test, and sensItlvity and speclficlty calculated from a two by two table where hlgh and 

low scoring groups of subject~ (wlth pre-~peclfied score cut-off pomb) arc compared 

with an external cntenon based on chmcal Judgement of patient status. 

An issue related to the sensltlvlty of the scale to clinically lml>ortant change, and onc 

that impacts on sample size requlrements when the seale IS used for elJllIcal Mudles, IS 
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the efficiency of a measure. Efficiency may be estimated by effeet size or coefficient 

of variation (CV). Effect slze IS calculated as the ratIo of the difference between group 

mean change ~core!l for a variable (the "before and after" measures), divided by the 

sample standard devlatlOn (50) of the variable at basehne; the coefficient of variation 

i~ defined as the ratio between group SD dlVlded by the respective group mean. Effect 

size~ range from 0 to j, wlth larger values representing greater efficlency in terms of 

statistical power for a given sample SIle, or smaller sample size requirements for a 

given power (Kazl~ et al, 1989; Ottenbacker, 1989). Conversely, the lower the CV, 

the mo~e efficient l!l the mea!lurc, as this indicates that the SD, or variabihty, 15 small 

relalÎve to the mean. The relative efficiency of a measure (in terms of its stattstical 

properticl.) IS one addltional aspect that should be drtermined and reported 10 the 

proce~~ of scale development, as thls information is of use to those attempting to 

choŒc the optimal 1O~trurnent for use in a study. 

2.4 Directions From the Literature 

ln summary. the evaluation of the efficacy of rehabilitation programs and the 

development of measurement tools to meet this aim are research priontie~. While 

motor recovery followmg !ltroke i~ an important focus of physiotherapy assessment and 

treatment, a con~Jstent and comprehensive operatlOnal definition of motor function has 

yet to be achieved. None of the currently used chnical mea~ures of motor functlon has 

wide~pread utthty. Careful 1I1strument construction, and detailed evaluatlon of the 

mea~l1remem propertlcs outlined in this review, are important and necessary steps In 

the proces!' of scale deve)opment. 
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CHAPTER3 

OBJECTIVES AND METHODS 

3.0 Objectives 

This thesis project has two global objectives. They arc to improvc and validate the 

content of the STREAM, and to establish prehminary estimates of the reliability of this 

c1inical instrument. 

To this end, the specifie objectives are: 

1) to rcvise the STREAM 50 that the items are appropriate, represen~1tivc and 

comprehensive for the evaluation of motor recovery fol1owing stroke (contcnt 

vaU dit y); 

2) to determine the extent to which pairs of therapists concur on the sconng of the 

items of the revised STREAM and on the total score (illter-rater reliability)~ 

3) to examine the extent to which the items included in the revised STREAM relate to 

each other, and to the group of items as a whole (internai consistency) and; 

4) to assess the reliabllity of sconng of videotaped performances of STREAM acro!>~ 

occasions and across raters (il'tra- and inter-.·ater reliabilit}). 

3.0.1 Overview of study design 

To meet the specifie objectives, three separate sub-studie~ were conducted. The 

methods relating to each of these sub-studies are described below under the sub­

headings: 1) 'developing and refining the content of STREAM'. 2) 'the direct 

observation reliabihty study', and 3) the 'videotapcd as~ssments rchabihty study'. 

Objective one was achieved in two phases. First, two con~nsus paneb werc con\lened 

to make recommendations to Improve the content vahdlty of the ongmal version of 

STREAM, and to prepare a test version of the instrument. Next, thls mtermedlate test 

version of STREAM underwent initIa! evaluations of reliabllity and internai coml,>tcncy 

to identify items that should be ehminated, and Jtem reduction was donc to produce the 

completed STREAM. For the second obJective, a rehabihty study lIlvolvmg paln~ of 

raters, who dircctly observed and as')essed patients, was carried out at the Jewish 
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Rehabilitation Hospital (JRH). To realize the third objective, the associations between 

the Items were examined using data accrued in the direct observation study, as weil as 

additlOnal data co\lected on patients in the lower end of the scoring range. And, to 

accomplish objective four, a reliability study, using videotaped as~essments viewed and 

rated on two occasions, was done. The procedures for each sub-study are detailed 

separately. However, because there were many similaritlcs in the statistical methods 

used for each of the sub-studies, the methods for analysis are presented together in 

section 3.4 to facilitate comparisons and avoid redundancy. 

3.1 De"veloping and Relining the Content of STREAM 

The focus of this sub-study was content validation (objective one). This was 

accompItshed in two stages: 1) the Items and scoring of the original STREAM were 

revised using consensus methods, and 2) the number of iteMs were reduced. based on a 

prelimmary evaluatlOn of inter-rater agreement and internaI consi'itency of the test 

version of STREAM, and on the opinions expressed by the consensus panels. 

3.1.1 Selecting the consensus panel participants 

The participants on the consensus panels were therapists working in a variety of clinical 

setting!), deahng with patients in ail phases of stroke rehabilitation. The first consensus 

panel was rccrUited from ten Montreal area health care facilitles, and included 

theraplst:-. who rc!)ponded to a notice that wa~ sent to the physiotherapy departments. 

Eleven physlcal theraplsts wlth more than one year of experience workmg with stroke 

patients paruclpatcd. The second panel, involving mne therapists, was assembled from 

therapiMs named by members of the flrst panel. As the therapists at the JRH had 

expcrience u:,mg the original STREAM clinically, a representative from the JRH 

physiotherapy staff was tncluded on each panel. 

3.1.2 Developing the test version of STREAM 

Prior to the meeting of the first panel, each participant was mailed a copy of the 

original version of STREAM and a letter indicating their role in revising the STREAM 

(Appendlx 3.1.1). The panehsts were instructed to review the STREAM, and to 

consider change~ related to the Items included, the wording, and the scoring scheme. 

Each participant was provided with a form 0'1 which to list their rccommended changes 

(Appendlx 3.1.2). The panel members were asked to familiarize themselves with the 

STREAM pnor to attending the meetmg, by using It to assess two patients. At the 

meeting, a bnef introductIon to the conceptual framework for STREAM and an 
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overvlew of the study was glVen. A videotaped assessment of a patient was atso 

shown. 

The procedures for orienting the second panel were identical to the first, except that 

participants were asked to review the tirst rev15lion of STREAM (Appendlx 3.2.2). In 

addition, priOT to attending the panel meeting, they were asked to considcr thrce 

different sconng schemes (Appendix 3.2.4), or recommend a fourth. And, there was a 

slight modification of the opening remarks of the meeting in that thls second panet was 

given the results of the content venficatlon survey and the outcome of the work of the 

first panel. 

The procedures followed during the two consensus panel meetings, of approxlmately 

three hours duration, c10sely approximated the' nommal group process' dc!!cribed by 

Delbecq et al (1975). Briefly, the process involved the following steps: 1) mdividual 

generation of suggested changes, 2) compiling these sugge!;ted changes, 3) senal 

discussion of each suggestion. and 4) voting on the importance of each suggestion. 

TherapIsts presented items from their prepared hsts of suggested changes. Each 

suggestion was recorded on a large chart. Three separate charts were made: one fc. 

suggested additions and deletlOns, one for clarifications or modrfications to eXlsting 

items, and one for changes in sconng. The prc~es~ continued unt1l no new suggestion~ 

were raised. Next, each of the suggested changes was dlscu!!sed 111 tum. The goab of 

this discussion were to elaborate on or to c1arify the meamng of the suggested change~, 

to air experiences and strong opmlOns regardmg the suggested change!!, and to add ncw 

items that emerged through the discussion. Fmally, the panel members were asked to 

independently rate each of the suggested additions and dcletions m term!! of importance, 

using the same five poInt ordinal scale that was used dunng the prellmlnary content 

verification survey (l :crucia1; 2: very important; 3: moderately important; 4: ncithcr 

important nor unimportant; 5:unimportant). The rating form IS provlded ln Appendix 

3.2.5. For each of the suggested additions or deIetlons, the number of therapists (out 

of eleven for the tirst panel; out of ni ne for the second panel) giving a particular rating 

was tabulated. An a prion critenon of grealer than 50% of the theraplst!; rattng an 

item additIon or deletion as Important (ratmgs of l, 2, or 3) was set for implementing 

the change. In addItion, the therapists rated items regarding ciarification~ or scoring 

changes simply as agree or disagree, and a majority vole was required for the suggested 

change to be implemented. 
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3.1.3 .~ollow-up questionnaire on the revised scoring scheme 

As consensus h.ad been reached regardmg the Items to include, but had not been fully 

reached regardmg the ~coring of STREAM, the comments from the two panels and 

from the content venfication survey were collated, and a new scoring scheme was 

devised based on these comments. A bnef questionnaire (Appendix 3.2.6) was sent to 

the participants of both panels, in order to contirm the appropriateness of this revised 

scoring scheme. 

3.1.4 Criteria for item reduction 

Once consensus was reached on the content and scoring of STREAM, the test version 

of STREAM was ready for further refinement. The focus of this stage of STREAM's 

evolution was to Identify items that should be eliminated. The criteria for item 

reducti'Jn were based on a combinatlon of statistical informatictl, clinical relevance. 

and face validlty. The statlstlcal aspects that were to mfluence the selection of items 

included the relationship of each item to the collection of items as a whole (internaI 

consistency) and the reliabiIity of scoring of the individualltems. Data from the direct 

observation rehablhty study, includmg inter-item, and item to subscale and to1. .... 1 

correlations, and Item kappa statistics for the test version of STREAM, were used in 

the process of Item reductlon. The methods used for subject and rater selection. 

training the raters, and assessmg the patients in the direct observation study are 

described in section 3.2; the statistical methods a:e presented In detail in sectIon 3.4. 

The specifie criteria for item reduction are presented in Table 3.1, and the justifications 

for these criteria follows. Items would be eliminated if they exhibited two or more of 

the characteristics summarized in this table. 

TABLE 3.1 

Criteria for Item Reduction 

1) 113 (14/42) or more of inter-item correlations outside the range of 0.4--0.85 

2) correlation ( s) of more than 0.9 with item(s) measuring the same limb segment or 
a closely related mobility task 

3) an item-to-total correlation outside the range of 0.4--0.85 

4) an item Kappa statistic below 0.6 

5) not considered Important for measuring motor recovery (not recommended by 
consensus panels) or limited by factors other than motoT recovery (eg. ROM. pain) 
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Thus, items with item-to-item and item-to-total correlatIOns in the mld-range, thcrchy 

reflecting homogeneity without redundancy, would be retatned, while items that were 

not associated with the test as a whole would he ehminatcd. Slffillarly. Items tound to 

be highly cOlTelated with other Items measunng related movement component~ (eg. 

shoulder abduction and reaching to the top of the head, shoulder flexIOn to 90 dcgrccs 

and full shoulder flexion, takmg steps or tummg to elther slde, or cltmbmg and 

descend10g stairs) would be elimmated to aVOld redundancy. Itcm~ that could nol he 

reliably scored would be dropped. Also, any items that appeared 10 be hlghly 

influen~ed by constructs other than motor recovery, or were not rclatcd to the subscah~ 

(as reflected by low correlations between Item and subscale score), wou Id be questtoned 

on the grounds of dublOUS face vahdlty or clImcat relevance. Howevcr. in order to 

maintain the face vahdlty of STREAM, an item that dld exh.blt two of the cnlena 

wou Id be retained If It measured a unique compone nt of motor recovcty that wa~ not 

incorporated by any other item, and it had been consldered Important by the consensus 

panel members. 

3.2 Methods for the Direct Obsenation Reliability Study 

The data obtained in this sub-study contributed to attammg the tïr~t threc objectives. 

An evaluation of inter-rater agreement on the sconng of 1tem~ and internai con~!~lency 

of the test version of STREAM was used to complete the content valIdatIOn procc~~ a~ 

described above (objectIve one). i"urther apprai~1 of the data, includmg only the Item~ 

retained, provlded estimates of inter-rater agreement (objectIve two) and mternal 

consistency (objective three) for the completed mstrument. 

3.2.1 Selecting the subjects 

The study was carned out at the Jewlsh RehabilItation Hospital (JRH), a 120 bed 

rehabilitation hospital wlth a forty bed stroke unit that admlts approximately 2(X) strokc 

patients per year. A convenience sample of twenty cooperatIve person~ admitted to the 

JRH for active phY!llcaJ rehabihtatlon for the treatment of motor dy~function following 

stroke were chosen. The!)e people were selected to repre!)ent a wide range of motof 

dysfunction in terms of degree of dlsability, age, and time sincc stroke, Wc excIuded 

patients with any major comorbid condItIons which mterfered with motor funcllofl, or 

its assessment, such as: a neurologlcal conditlOn 10 addition to the strokc; a severe 

comprehension disorder; marked bjlateral motor or sensory impalrment; amputatIon 

of a limb; or severe rheumatoid arthntis. 
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Jn addItIon, for analyzmg the internaI consistency of both the test and the completed 

version~ of STREAM, scores for a total of twenty-six mdividuals were used. This 

samp)c mc1uded the twenty !)ubJecb identJfied above, and an additlOnal six patients 

whose score!) were expected to be in the \ower end of the range. The six additional low 

level STREAM scores were collected because none of the twenty rehabIhtation patients 

who partlclpated JO the JRH rehabIllty study had received scores on the test version of 

STREAM below thirty. Therapists that werc partIcipating 111 the videotaped 

a!)sessments rehablllty study, and who were, therefore, farniliar with admimstering the 

STREAM, volunteered to provide us with scores on STREAM for their low level 

patlent~. The!)e low level STREAM scores were coHected at four different facilities, 

tncludtng: one long term care (LTC) facllity (Cote-des-Neiges Hospital), and three 

acute care hospitals (Montreal Neurologlcal Institute~ Lakeshore General, and Reddy 

Memorial). 

3.2.2 Ethical comiderations 

Ethical approval wa" obtamed from the ethlcs committees at both the JRH and the 

School of PhyslcaJ and Occupational Therapy, McGill University. The following 

conditIOns were imposed by the JRH ethlcs committee: 1) patients were to be assessed 

after regular therapy hou1's, so that there was no interruptIon of therapy time, 2) raters 

were not to give fe~dback to patients regarding their performance, but were to dueet 

patients' IIlqumes to thelr treattng therapists, and 3) only patients who were not already 

involved In artother rcsearch ~tudy were to be recruited. Also, informed consent 

(Appendlx 5.1) was to be obtained pnor to a patient's participation in the reliability 

study. 

3.2.3 The rate~ 
The raters for this study were four therapists recruited from the physical therapy 

de part ment at the JRH, one experienced therapist from the Montreal General Hospital, 

an acute care instItution, and the author (KD). AIl raters had at least one year of 

experience worktng wlth stroke patients as a physiotherapist. 

3.2.4 Training the rat ers 

One week pnor to commencing the rcliabJlity study, therapists participated in a two 

hour traimng on the test version of STREAM. This training session inc1uded a 

discussion of reVISlons made to STREAM. and a presentation of a videotaped patient 

a~sessment using the test version of STREAM. Each therapist was given a copy of the 

--~-- - -----~-----
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STREAM and scoring instructions to review. and was asked to practice administering 

the test to at least two patients prior to the study. 

3.2.5 Assessing the patients 

Consenting patients were evaluated on the test version of STREAM simultaneously but 

independently by a paIr of raters. One theraplst performed the a~!lcssmenl and the 

other therapist observed. Each therapIst rated between four and eleven pallent .. (mcan 

6.7 patients); 10 approximately half of the rat10g se~!llon~ they performed tlH! 

assessment~, and were the observer m the other case~. The process of asslgnll1g rater~ 

to asses~ subJects wa~ based solely on the avatlablhty of a glven rater on any given day, 

with the étim of having each therapIst evaluate at least four patIents over the COllr~e of 

the study. During the rating sessions the rater~ were unaware of each othcr~ ~corc .. , 

and they did not dlscuss the patient's performance. STREAM score~ were collected on 

the scoring forms provided (Appendlx 6. J). The rating seSSlOn~ tor the twcnty ~llhlcct~ 

were carried out over a three month period, and required from tifteen to forty-tive 

minutes each. 

3.3 Methods for the Videotaped Assessments Reüallility Study 

The data obtained in this sub-study contnbuted to attaining the fourth objective. That 

is, estimates were obtained for the intra- and inter-rater agreement on the sconng ot 

videotaped performance~ of STREAM. 

3.3.1 The raters 

The twenty rater~ for thls stlldy were recruited From Montreal arra health cafe tacilttic .. 

by having the consensus panel participants mform thelr colleague~ about the llpcOl11mg 

reliabihty study, and by ~endmg notices to hospltal physical therapy departmcnt~ 

explaimng the stlldy. The raters were selected to coyer a wide range of !evcb 01 

expertise and experte~c:e, with a minimum of SIX month~ of expenence workmg wlth 

stroke patients. An addltlOnal requirement for partlcipating wa~ that they were not 

f"miliar with any of the four videotaped subject~. 

3.3.2 Videotaping the STREAM assessments 

Four patients, who had particlpated in the direct ob~rvation study, were selcctcd to 

participate in this phase of the study. The~ patients were reassessed on STRLAM, 

and the assessments were videotaped. The same theraplst performed the a!l~e~~ment~ 
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for each of the videotapes. ., hese four videotaped performances clearly showed each 

test Item being performed. and dlsplayed a range of motor function. 

3.3.3 Ethical considerations 

Patients who agreed to be vldeotaped. slgned a release form (Appendlx 5.2) indlcating 

thelr agreement to have their aS~'isment shown to others for the purposes of teaching 

or research. Addltlonal burden ta subJects was mmimlzed by utlhzmg these videotaped 

performances for thlS portlùn of the rehablhty study. as repeated assessments by twenty 

rater~ would have becn excessIve. Confident!ahty of the videotaped subJects' names 

was maintamed. 

3.3.4 Rating the tapes 

Two weeks pnor to the viewmg sessIOn, the raters were given a copy of the test version 

of STREAM and the sconng instructions to study. and they were asked to use the 

STREAM for assessmg at least two patients. At the beginning of the viewing sessions, 

wntten mstructlons for the procedures to be followed dunng the vlewing (Appendix 

6.3) were glven to the raters and dlscussed. For practlce, a sample videotaped 

performance (not used m the rehablhty ~tudy) was shown to the raters . 

The twenty raters. dlvlded mto two groups of ten for convemence of vlewmg, 

!llmultaneously and mdependently evaluated the four vldeotaped assessmer.lS. During 

the ratmg sesslon~. therapists recorded thelr ratmgs on the forms devlsed for the study 

(Appendlx 6.1), and no diScussIon of the sconng of any of the items was permitted. 

Items were allowed to be replayed up to three time~ upon request (although this rarely 

occurred). as sorne of the smaller mo\'ements were more dlfficult to see on vIdeo, and 

because. when the testmg 15 donc in the chmcal settmg, the patient js permttted up to 

three attempts to perform a test Item. The Taters vlewed each of the four vldeotaped 

performances on one occaSIOn, and on a second occasion approximately one month 

later. The vldeotapes were presented m L'\ random order at each session. 

3.4 Analyzing the Data from the Reliability Sturues 

3.4.1 Overvie~ of tbe data 3u31ysis 

ln this section, the procedures used for data collection, and the software used for 

pTocessmg the data are descnbed first. Next, the statistical methods used in the initial 

e\'aluatlon of the test verSIOn of STREAM are presented. :. hese include an analysis of 

internai conslstency, and agreement on the M:oring ot the items. Finally, the 
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characteristics of the statlstlcal tests used in evaluatmg the reliability of the completed 

STREAM are presented III detall. It should he noted that all of the items 10cluded in 

the test version of STREAM were scored dunng the rehabllity studie~. howcver, only 

the kappa ~tatlstlCS reflectmg rater agreement on item sconng. and the mternal 

consistency, were evaluated for the test versIOn. Following the Item reductlon, a more 

indepth evalual10n of the rater agreement for the scoring of the remammg Items, and a 

second analysls of mternal con!listency. were carned out for the completed versIon of 

ST RE AM. The analyses of rater agreement were parallel for the two rellablhty 

studies, except that only Inter-rater agreement was evaluated in the dITt!('t observation 

study, wh Ile estlmates of mtra- and 1Oter-rater agreement were denved from the 

videotaped assessments study. 

The STREAM scores were collected on forms devlsed for the rehablltty studlcs 

(Appendix 6.1), entered on a spread sheet, and inspected for accuracy. SAS statistlcal 

software (SAS Instttute, 1985) was used to compute Pearson's correlatlon~, C'ronbach's 

alphas, cell frequencies and Kappa statistlCS, and slgned rank statlstics. The GENOVA 

version 2.1 program (Crick and Brennan, 1983) was used to obtam GCCs for subscale 

and total scores. 

3.4.2 Internai consistency of the test version and completed STREAM 

An assessment of InternaI conslstency IS concerned with the homogeneity of an 

instrument. That IS, internaI conslstency reflects the degree to whlch It\:ms mc\uded 

relate to each other and to the Instrument as a whole. Although internai cOfl'>lstency i~ 

traditionally consldered mternal rehablhty, It also provldes informatIOn for content 

development. For example. the inter-Item, Item to subscale and item to total 

correlations, and alpha coeffiCIents, provlde indicatIOns as to 'whether a gtven Item 

should be reta1'1ed or removed from the instrument. 

For evaluatmg the Internal conslstency of STREAM, our sarnple inc1uded twenty-slx 

indlviduals (twenty From the JRH, and six addinona1 low sconng patients) covenng the 

full range of poSSible scores, 50 that the whole populatIon for whlch STR~AM I!) 

intended was represented. We used the twenty scores on STREAM given by the 

assessing theraplsts ln the direct observation reltablhty study, rather than the ~core<; 

given by the observing raters, because the asses5Ors' scores more accurately reflect the 

typical chnical situation where scores are obtamed by dlrectly assessing and rating a 

patient, and not by observing the assessment. 
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Three parameters relating to internaI consistency were calculated for both the test and 

comp)eted versions of STREAM. These included: 1) the Pearson' s correlation 

coefficients for each pos!'ible pair of items included in the revised STREAM (inter-item 

correlations); 2) the correlations between the scores for individual items and the 

subscale and total scores, calculated by omitting that item (item to total correlations); 

and 3) Chronbach's al~has (Chronbach, 1951) for each subscale, and for the STREAM 

as a whole (average inter-item correlations). 

No specifie guidelines for interpreting inter-item and item to total correlations are given 

in the literature on internaI consisteney and item reduction, as the magnitude of these 

correlations varies wÎth the total number of items included in the instrument. As a 

generalization, however, inter-item correlations in the moderate range (eg. 0.4--0.85) 

are cO'lsidered optimal, as within this range items are probably measuring J'elated 

aspect!, of a trait, but are not so highly related as to be redundant (De Ve llis, 1991; 

Feinstein, 1987; Stremer and Norman, 1991). Similarly, low item-to-total (:orrelations 

(eg. below 0.4) indlcate that an item is measur~ng a different trait than the rest of the 

instrument a~ a whole; very high item-to-total correlations (eg. above 0.85) suggest 

that an Item is contnbuting information about thf: trait that has already been provided 

by the other items. Obviously, Items within a subsca1e are expected to he measuring 

the same trait, so item to subsca\e total correlations should be high. A Cronbaeh's 

alpha is generally considered acceptable if greater than 0.7, good if greater th an 0.8, 

and excellent if above 0.9. However, since Cronbach's alpha is intluenced by the total 

number of Items included in an instmment, and increases in value if related items are 

added, alpha must be interpreted accordingly. As a general guideline, for an 

instrument to be cIimcally u~efu\ for measuring a particular trait, alphas of at least 0.9 

are recommended (Feinstein, 1987). 

3.4.3 Inter-rater agreement for ïtems on the test version of STREAM 

The agreement betweer. raters for scoring items on the test version of STREAM in the 

direct observation study was described using the index of crude agreement (the total 

percentage of subjects in which paired scores agree precisely), expected agreement. and 

Cohen's Kappa statlstic (Cohen, 1960). The Kappa statistic is defined as the ratio 

between observed and expected agreements, and the difference between maximum 

possible agreement and the expected agreement. It is interpreted as the proportion of 

agreement between two judges rating n subjects after chance agreement has been 

removed (Cohen, 1960). The Kappa statistic is prevalenee dependent; it is influenced 
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by the distribution of scores, the variability among subjects, and the number of rating 

categories (Feinstein and Cicchetti, 1990; Soeken and Pre scot , 1986). Therefore, if 

Kappa is to be used to calculate agreement, it is essentlal that subJects with a wlde 

range of capabilities are included. Kappa ranges from zero to unit y; If the observed 

agreement is equal to that expected by chance, kappa is zero. Values of Kappa greatcr 

than 0.75 are considered to represent excellent agreement beyond chance, while Kappas 

of 0.4 to 0.75 represent moderate reliability (Landis & Koch, 1975). 

For measuring the agreement between items scored on an ordinal scale, weights can be 

assigned that correspond to the degree of importance of the observed disagreement~. 

For example, linear weights are typically assigned to each category for scales in whlch 

disagreements between the dlfferent categories are aIl dcemed ta be of the ~me 

magnitude. For sorne measures, however, the degree of Importance of dlsagreements 

between categories may he viewed as varying exponentially. The observed and 

expected agreements obtained when appropriate welghts are attributed to the 

disagreements between categories can thep be used to calculate a weighted Kappa 

statistic (Cohen, 1968; Kramer and Feinstem, ~ 981). The Imearly welghted Kappa 

reflects the chance corrected agreement where the dlsagreements between sconng 

categories are considered to be additive, or on a continuum; the exponentially weighted 

Kappa retlects a chance corrected agreement where the dlsagreement~ bctwecn 

categories are compounded, or magnified by the dIstance between one another. When 

Kappa is determined by usmg exponenüai weightmg, quadratlc welght~ are 

recommended, and the quadratlcally weighted Kappa values obtained are conveniently 

equivalent to the ICCs for the same data (Fleiss and Cohen, 1973; Stremcr and 

Norma .... l, 1991). Thu~, quadratically weighted Kappa statlstics were calculated tor the 

agreement on the item scores (scored on an ordinal scale of 0 to 2 for limb fTlovement~, 

and 0 to 3 for basic lTaobility item~), as it was feIt that dlfferences in scores that were 

two categories apart were markedly more serious th an dlfferences in scores that 

differed by only one category. 

3.4.4 Inter- and intra-rater agreement for items on the comple'ed STREAM 

As described above, kappa statiStlcs were used to retlect agreement on the M.:oring of 

items in the direct observation reliability study. However, as Kappa Stati~tlCS could not 

be derived for the individual item scores of the videotaped as~~sment., reliablhty study, 

due to insuffident variablhty in scores with only four subjects involvcd. non-parametnc 

signed rank statistics were compulf',d ta evaluate the agreement on item score~, and to 
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identify trends in the scoring of the items. Signed rank statistics were also computed 

for the direct observation reliability study, in order to a110w a comparison between the 

two reliability studies. The Wilcoxon matched-pairs signed rank statbtic (Wilcoxon, 

1945) is the non-parametrie equivalent of the paired-sample t-test. It examines the 

differences between pairs of score~, which under the null hypothesis are assumed to 

have a medlan difference of 0 (Colton, 1974). If the signed rank st.~tistic is significant, 

this indicates poor agreement due to a tendency to score either consistently higher or 

lower on the different rating occasions, or by eith~r the assessing or observing raters. 

The SAS umvariate procedure produces a centered signed rank statistic, which is 

computèd usiJlg the sum of the positive ranks, and which used average mnks for tied 

values (SAS Institute, 1985). 

ln addition, as was done for describing rater agreement on the scoring of items in the 

preliminary analysis, the rater agreement for the scoring within category 'l' (~e. 

between the sub-eategories la, 1 b, and le) for the direct observation study was 

described using the index of crude agreement, expected agreement, and Cohen' s Kappa 

statistic. The scoring withlO category 'l' was not considered to be ordinal, but rather 

to be qualitative and nominal. Therefore, unweighted Kappa statistics, which treat aIl 

disagreements equally, were calculated for describing the agreement within scoring 

category '1' for the direct observation study. Because meaningful kappa statistics could 

not he computed for the videotaped assessments study due to insufficient variability, 

only the distribution of agreement for scoring within category '1' was presented for this 

study. 

3.4.5 Rater agreement for subscale and total scores on the completed STREAM 

Scores for the items that were retained in the completed instrument were summed to 

produce subscale and total scores on STREAM and this data set was used fOT the 

following analyses. Because there were sorne items scored 'X' in the direct observat.ion 

reliability study. the subscale and total scores were transforrned to scores out of 100 

(see formula presented in Appendix 8.3). However, there was no missing data in the 

videotaped assessments study; the limb sub~es are thus scored out of a maximum of 

twenty each, mobility is scored 0 t of a maximum of thirty points, and maximum total 

STREAM score is seventy. 

For describing the agreement on subscale and composite scores, GeneraUzabiHty 

Correlation Coefficients (aCes) were ca1culated (Cronbach et al. 1972). For the 

direct observation study, these statistics reflected agreement between raters, while for 
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the videotaped assessments study GCes described agreement both within and belween 

raters. GCCs, based on the generalizabihty theory, are analogous 10 tradltlonal 

reliability coefficients, except that GC'Cs reflect not only the magnitude of the error a!ol 

would a tradttional rehabllity coefficient, but also attnbllte the error to a specltic source 

(Crick and Brennan, 1983; DeVellis. 1991; Stremer and Norman, 1991); they re~mble 

the ICC, in thal both GCCs and ICCs range from 0 10 l, and are based on an ANOVA 

model. The cIuser the GCe is to unity, the gr~'ller the generahzablhty or rehabihty. 

Reliability coefficients above 0.80 are generally consldered acceptable for te!.t5. lhat are 

used to make declsions about a group or for research purposes, however, for te~ls u!.cd 

to make judgements about mdlvlduah, coefficients of greater than 0.95 have becn 

recommended (Helmstadter, 1964; Nunally, 1978; Wemer and Stuart. 1984). 

In both the duect observation rehabihty study and the vldeotaped assessments sludy. 

various subjects and raters (called 'facets' m the parlance of the generahzablhty theory) 

contribute to the vanabihty of the error terms. In the vldeotaped ~tudy, occaSlOn~ arc 

additior.al fa(.;~t!. contributing to the variance in scores. For each study, !'tCveral 

different GCCs were calculated, each focussing on dlfferent facet~ or 'obJeet~ of 

measurement', includmg subject~, rater:>, and occasion:>. The 'obJect of mcasurement' 

in a generahzabllity study is the facet that the researeher wlshes to rnake general i7..ation!' 

over-- ie. the specifie aspect of reliabihty under scrutmy. In additIon, GCC~ wcrc 

calculated for each variable under both fixed or randorn condlllons. 1'0 examme mter­

rater rehabihty, whcre determimng the generalizability across rater!' l~ the goal, the 

objeet of rncasurement IS raters, and the variance in scores that i~ contributed by 

occasIOn is exc1uded from the sources of variance used to ealculatc the Gee. 1'0 

examine intra-rater rehabihty, where the goal is to be able to generahze acro!'~ 

occasions, the variance in scores that is contributed by ratcr~ I~ omllted from the 

equation. Thus, by examining the effects of subJects, rater~, (and, for the vldeotape 

study, ocçasions as weIl) simultaneously, we determmed the extent to WhiCh (and under 

what conditions-- ie. fjxed or random) we can generalize aeros!. each facet. 

ln addition to GCCs, signed ra.'1k statistics were computed on subM:alc and total 

STREAM scores for the two reIiablhty studles. As with the analy~e!' of the agreement 

on the mdlvidualltems, this non-parametric stati!ltic seïVed to reneet the magnitude and 

significa.'lce of observed dlsagreements, and to identlfy trend!' in the !lConng by the 

assessors and observers ln the direct ob!!ervation ~tudy, and between the two viewing 

sessions in the vldeotaped assessments study. 
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3.S Summary of Methods 

This study consisted of two distinct and sequential phases: content validation, and 

preliminary testing of rehabllity. The content verification survey, described previously 

in section 1.2, wa~ a preliminary step in the process of content validatIOn. 

Subsequently, two con:,ensus panels, involvmg a total of twenty physlcal therapists 

working In a wlde range of settmgs, made recommendatlOns to improve the content 

validtty of STREAM. Next, preliminary evaluations of the internaI consistency and 

reliabllity of sconng the Items of the test version of STREAM were carried out to 

identify items that should be dropped from STREAM. Item reduction, ba3cd on the 

criteria outlmed in Table .t l, produced a more streambned STREAM, which 

subM!quently underwent more detailed evaluations of reliability. Two separate 

reliabihty studles were conducted: 1) a direct observation reliability study, performed 

in the clinical setting, involving twenty stroke patients, and pairs of physical therapists 

from a pool of SIX raleTS, and 2) a study usmg four videotaped assessments, involving 

twenly physical theraplsts as ralers, and two viewmg and rating sessions. Preliminary 

e~/aluatJOns of the data From the dIrect observatIOn reliabi]ity study provlded the 

sntistical mformation required for item reductlon. The mtt.rnal consistency of the 

STREAM (test version ar. ~ completed) was evaluated using scores on STREAM for 

twenty-six mdlvlduals, includmg the scores given by the assessors in the direct 

observation reliability study, and from six additional stroke patients with §.Cores on 

STREAM ln the low end of the range. The rehability of the completed STREAM was 

analyzed using only the portion of data pertaimng to the items retained following item 

reduction. The data from the direct observation reliabihty study was used to estimate 

inter-rater rellablhty for the STREAM and its subscales. The data from the videotaped 

assessments reliability study provided estimates of bolh intra- and inter-rater reliability . 
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CHAPTER4 

RESULTS 

4.0 Introduction 

The results section is presented in a sequence that is parallel to the organi7.ation of the 

previous chapter on methods. That is, the details regardmg the development of the 

content of the test version of STREAM are given first. These are followed by the 

results of the a'lalyses done on the test verSlOn, including the internai conslstency and 

Kappa statistics of th~ original forty-three items. Next, the proce!>s of Item reductlon, 

and the completed thirty item instrument, are presented. The remalTlder of the re~lIlts 

relate to the thlrty Item STREAM, inc1uding the mternal consiMency of thls completed 

version of STREAM, the inter-rater agreement from the direct ob!-ervatlon Mudy, and 

the intra- and inter-rater agreement from the vldeotaped assessments rehablhty study. 

4.1 The Test Version of STREAM 

4.1.1 Characteri~tics of the panel participants 

Panel one consisted of two therapists working in acute care setting~, seven from in­

patient rehabihtal10n faclhties, ami two from out-patIent rp.habilitatlon settmgs. Thesc 

therapists had from eight to thirty-two years (mean 15.2 year~±8.4) of expcnence a~ 

physiotherapists, and from three -" twenty years (mean 8.8 years±6.0) of stroke 

related experiencc. Panel two included three therapists working in acutt: care scttings, 

three in lIl-patIent rehabilitatlon facihtles, one 111 an out-patient rehablhtatlOn setting, 

and two therapists from long-term care facilities. The panel two therapists had from 

two to twenty-four years (mean 9.6 years±6.7) of experience as physlotherapists, and 

from two to seventeen years (mean 6.6 years±5.0) of stroke related expcnencc. 

Appendix 3.3 outhnes the characteristics of the panel participant~ in detall. 

4.1.2 The evolution of STREAM items 

The changes that were suggested by each of the consensu~ panels, and the ratlonale for 

adding, de]~ting, or changing the items are briefly summarized in Appendix 4. The 

evolution of the items included in the STREAM, and the stage of refinement 

(including: the original version, following panel one, following panel two, teM ver~ion 

of STREAM used III the rehabilIty studles, and the completed thirty Item Instrument) 

during which each item was added or deleted 15 shown in Table 4.1. The minor 

modifications made to several items are also noted (bracketed). Nine items whlch had 
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TABLE 4.1 

The Evolution of STREAM Items 

Item Description 

LlMB MOVEMENTS 
IVpper F.xtmnlty 

Protracls scapula in supine 

Extends elbow in supine 

Shrugs shoulders 

Affected hand touches ••. 

Affected hand touches sacrum 

Raises affected ann to {orward-horizontal 

Raises affected ann 10 lateraJ-horizontaJ 

Raises affected ann to full flexion 

Supinates and pronates foreann 

Actively closes the affected band 

Actively opens the affected band 

Opposes thumb to ... 

E"tends wrist and. fingen 
Lower Extranlty 

Maintains half~klyinB position 

FIeu, hip and knee while lying supine 
AbduCIS hip in sidelying 

Extends knee ÏI, sitting 

FIcus bee in sitting 

Flexes hip in sitting 

Doniflexes ankle in sitting 

Plantarflexes ankle in sitting 

Extends knee and dorsiflexes ankle 

Dorsiflcxcs affected ankIe in standing 

Flexes affecled !mec in standing 

Abducts affected hip in standing 

KE\': +:: ADDED or RETAINED 
- = DELETED 
• = ADDED ror further testiDl 

Original Revlsion 1 Revision 2 

STREAM nna Panel Second Panel 

+ + 
+(ear) + (forehead) +(topofhad 

+ + + 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 

+ (fm,ertJpI) + (iDdeallitde + (iDdel) 

+ --

+ 
+ + + 

+ + + 

+ + 

+ + + 

+ + + 
+ + + 
+ + + 

-------

Revision J 30 Item 

Test Venlon STREAM 

• + 
• + 

+ + 
+ (top of bead + 

+ + 
+ --
+ --
+ + 
+ + 
+ + 
+ + 

+ (illdel) + 
• -
+ -
+ + 
• -
+ + 
• + 
+ + 
+ + 
• + 
• + 
+ + 
+ + 
+ + 

(cont ••• ) 
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TABLE 4.1 (co nt) 

The Evolution of STREAM Items 

Item Description 

BASIC MOBILITY 

~uplne 
Moves knees side ID side in crook lying 
Bridges 
Rolls 
Moves from lying ID sitting 

~ltt1ng 

Maintains errect sitting position ... 
Raises folded arms to forehead 
Moves folded arms side 10 side 
Bends forward tG touch floor 

Standln& 
Rises to standing from sitting 
Maintains standing ... 

Places affected foot ORto first step 
Slidcs unaffected lcg forwardlbackward 
Lifts unaffected foot 

lWalkllll 
Tums 90° ta unaffccted side 
Tums 90° to affected side 
Talees 3 steps forwards 
Talees 3 steps backwa:rds 

Takes 3 steps sideways 10 unaffected side 
Takes 3 steps sideways ta affected side 
Walks 25' (10 meters) 

Walks up 3 stairs DQ1 alternating fcet 
Walks down 3 stairs IlQ1 alternating (eet 

Walk:i up 3 stairs altemating (cet 

Walks do,,",n 3 stairs altemating (eet 

KEY: + = ADDED or RETAINED 
- = DELETED 
• = ADDED ror furtber testlng 

Original Revision 1 Revision l 
STREAM l'1,gPllnei S«ond PInel 

+ + 
+ (boCb .idca) + (eilber .ide) 

+ (citber lidc) + (either lidc) 

+(1 minute) _. + (20 counts) 

+ -- .. 
+ . - . -
+ + + 

+ + + 
+(1 minute) - + (20 counts) 

+ -- .-
+ - --

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 

+ + --
+ + .-
+ + + 
+ + + 

Revision 3 JO Item 
Te!t Venkm STREAM 

• --
+ + 

+ (either .KIc:) + 
+ (citber .Ide) + 

+ (20 counls) --
.- -. 
.. .. 

+ _8 

+ + 
+(20 COUDtI) + 

• + 
-- --
-- .-

+ --
+ --
+ -
+ + 
+ .-
+ + 
+ + 
-- --
.- .-
+ .. 
+ + 
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nol been selected by the consensus panels were added to the test version of STREAM, 

as they were thought to warrant further testing. These additional items, denoted by an 

asteri~k in Table 4.1, were either considered at an earlier stage of the instruments 

development, borrowed from other instruments, or generated by the investigators. 

They included pnmanly very low level or very high level movements. The items were 

added because, although the consensus panels had expressed a need for Items in the se 

extreme~, none had been identifie<l. Furthermore, it was feIt that the analysis of 

internaI conslstency would idenhfy any of these items that did not contribute to the 

content: Interestingly, five of these items performed very well in terms of the internaI 

consistency analysi~, met aIl the cntena for item retention, and thus are included in the 

completed in!ttrument. 

Table 4.2 summarizes the distnbutions of items included in each subscale of the 

STREAM at each stage of revision. There were minor fluctuations in the number of 

items ln each subscale al the first and second revisions. yet the total number of items 

remained constant at thirty-four items. The test verSIOn of the STREAM inc1uded 

forty-three items that were relatively balanced amongst the subscaJes, with twelve items 

assessing lower extremlty movement, thirteen items assessing upper extremity 

movement, and eighteen item~ assessing basic mobility. FlOally, the completed 

instrument included a total of thirty items that were distributed evenly between each of 

the three subscales. Details of the process of item reductiotl, which led to the final 

version of STREAM, are provided in section 4.4. 

TABLE 4.2 

Subscale Evolution: Bumber of items in the subscales following each revision 

Subscale Original Revision 1 Revision 2 Revision 3 30 Item 

STREAM First Panel Second Pane Test Version STREAM 

Limb Movement: 15 19 18 25 20 

uppl'r t'xtrt'mity Q 12 10 13 10 

lowl'r t'xt rt'mÎty 6 7 8 12 10 

J\lobmt~· 19 15 16 18 10 

Total # of items 34 34 34 43 30 
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4.1.3 The evolution of STREAM scoring 

During the first consensus panel a numher of possible sconng schemes had been 

suggested (shown in Appendlx 3.2.4), and these were presented to the second panel for 

further dehberatlon. As consensus had still not bern fully achieved regardlllg the 

wording of the scoring instruction!), a follow-up questIOnnaire for a revlsed sconng 

scheme (Appendlx 3.2.6) was sent to the twenty panel participant!o. to venfy the 

acceptabihty of this revised scoring. Response!) to the questionnaire wcrc ohlaincd 

from eighteen of the panehsts (two therapIsts were away on vacation); seven theraplst!o. 

rated th,e scoring scheme acceptable as presented, nine ~aid lt would be acceptable wlth 

minor changes, and two feIt that it reqUlred 'major' changes, although the commenl!o. 

from the se therapists were identical to the comments of therapIsts suggcstmg tltal mlllor 

changes were needed. 

The majonty of panel participants expressed confusion over the proposed ~cortng of 

category 'l' (Appendix 3.2.6), and m particular 'lc'. Category! l' was mtended to 

coyer any movements between the two extremes {Jf bcing completely unable (score 0) 

or able to pelform the task (score 2 for 11mb movement, 2 or 3 for mohlltty). In the 

proposed scoring ~cheme, category '1 t was divldeu into the following thrcc sub­

categories: 

la: movements performed only parually, 
lb: movements performed completely, but with an ahnormal pattern, and 
le: movements performed partiaJJy with a normal pattern or complete/y, 

but in an abnormal pattern. 

Due to the confusion expressed by the re~pondents, the format for sconng category t l' 

was revised to the present format. inc1udll1g the following three SUb-CdIegones: 

la: movements performed only partlallyand in an abnorlT1al pattern, 
lb: movements performed partia!Jy, but wlth a normal pattern, and 
le: movements performcd complete])', but with an abnorma/ pattern. 

In addition to the confusIon over sconng category 'II, the panel partIcIpants ~ugge~ted 

sorne minor changes in the wording of the scoring scheme. The malority 01 the~ 

changes were incorporated 111 the final ver~lon of the scorIng scheme, ~hown 111 Figure 

4.] . To further c1arify the wording of the scoring scheme, the Glo~~ry of ~corIng 

Terms was developed, and IS lI1c\uded in the test manual (Appendlx 8.3). In addItIon, 

the rationale for the !'coring format is explained ln the test manual, and i~ prescntcd III 

detail in sectIOn 5.1.3. 
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FIGURE 4.! 

Scoring of the Revised STREAM 
1. VOLUNT ARY MOVEMENT OF' THE LL\tBS 

o unahl~ 10 pcrtonn the k~! moveTnenl thmugh any apprenahle range (mclude., thcker or !o.hght 
movementl 

J a. ahle to pcrform only part of the movement. and with marked deviation from normal pattern 
h, ah le 10 pcrf,lnTI (Jnly part 01 the movement, hut ln a mnnner that 10; mmpamble fo the 

unafft'ftf'd 'Iid(' 
c. ah le 10 complete the mnvemenl, hut only wlth marked deviation from nonnal pattern 

2 al'lle ln complde Ihe tJ1lwemenl ln a manner !hal I~ comparahl~ to the unaffected side 

X adml) n(/I k'MeJ (~pc:~'lfj \th} ROM, Pam, Othel (rea. .. on») 

Il. BASIC MOBILITY 
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o unllhl~ 10 pcrtonn the le'! adlvlly Ihrough any appreclahle range (le. minimal acbve parbc1l'utlOnl 
1 u. ahle 10 perform only part ot the acl1Vlty mdependently (reqUJre~ pamal a!>slstance nr 

Stahllt7.aIIOfi 10 complt:tc). wlth or wlthoul an ald, and Wlth marked di"viation from normal pattern 
h. ahle tll perfnrm ooly part of the aCI/vll)' mdependently (reqlllre .. pamal a"'''I''tam'e or <;tahlhzatmn 

ln ('omplî:'lc:'), WI!h Of wlthO\Jt an an!. l'lut wlth a gro"',ly normal movement pattern 
c. ahle fo complete thl' actl\'lty mdt'rend'~n!ly, wlth or wlthout an ald, hut only wlth marked 

deviation florn nonnal pattern 
2 ahle 10 {'9mpletc the al'!I"I!Y mdepemkntl) \\ Ith li gros~ly nonnal mnvement pattern, hut requires 

an ilid 
3 ahle 10 compllil' l.he adl\'l!)' mdependently \VIth :l gro..,~ly normal movemcnt pattern, withouf 

an uid 
.Y ucfll7(l flot t(;'~((;'d ("~c'Ifj nflJ' ROM, "am, O~ht'r (r!a"_o_n'-p _____________ --' 

In summary, III the final version of the scoring for STREAM a simple three point 

ordinal ~ale lS employed for sconng voluntary movement of the hmbs; a patient is 

scored '0' if unable to perform the test movement, 'l'if a mcvement can only be 

partially completed or If the movement IS performed with marked deviation from a 

normal pattern (a~ compared to the unaffected limb where possible), and '2' if able to 

complete the movement Hl a manner that is quahtatively and quantitatively near 

normal. The same scoring scheme is employed for the basic mobility subscale, except 

that an addiuonal categury 15 mcluded to allow for mdependence with the help of an 

ald. If a test Item cannot be performed due to pain or limltcd passIve range, or if a 

movement or actiVlly il) hmited because of other reasons (such a~ perceptual/cognitive 

deficlt." amputatIOn. impmred VIsion, etc.) then this lS indicated by scoring an 'X' and 

indicatmg the reason. When Item(s) are scored as 'X', the subsca1e and total scores are 

transformed so thal the)' are out of 100. A subscale scoring form has been devised to 
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assist in summing item scores and transforming scores to scores out of 100, and is 

included m Appelldix 8.3. 

Table 4.3 was designed by therapists who were pilot test10g the instrument, to facllitate 

scoring; it summarÏzes the revlsed scoring 10 a two-by-three table of quahty of the 

movement in relation to amplitude of active movement. 

TABLE 4.3 

Scoring STREAM: the relationship between 

qua lit y and amplitude of active movement 

AMPLITUDE OF ACTIVE MOVEMENT 

None Partial Complt'h> 
----4-----------+----~~~ 

QUALITY OF Marked I}('viation 0 1 Cl 1 t' 
~--.----------------+_--------~--------_4--------~ 

MOVEMENT Grossly Normal 0 1 h 2 (J)* 

Note: "FOf tht! mohthty !>uh!.Cale, mowment!. complt!ted mdt!pt!nùt!ntly Wlth gm., ... ly normul pattern 
u.,m~ an Uld Uft:' M:ored a', '2', Wlthout an ald are 'o(:oroo a ... '3' 

4.2 Internai Consistency of the Test Version of STREAM 

The charactenstlcs of the subjects whose scores on STREAM were u!'cd in the Initial 

evaluation of internal conslstency of tlie test version of STREAM (and for cva]uating 

rehahility of SI,;,")rmg of indlVidual items), and a descnptlOn of the ratcr~ that 

contributed the data, are presented m !'ect\on 4.6 (Direct Obstrvatlon RelI'lhlllty 

Study). The results of the initiai evaluatlon are, however, pre~ented here, a ... thcy wcrc 

used in the second stage of refimng the content of STREAM for Item reductlon. 

The evaluation of internaI con&istency of the te~t versIOn of Sl1~EAM mvolvcd 

computmg inter-Item, item to subscale and Item to total !'core correlatIon!', and alpha 

coefficients for subscales and for the STREAM ac; a whole. For each of the forty-thrcc 

items, correlations with each of the other forty-two Item!', and wlth !'ubscale and total 

STREAM scores were computed. A correlation matnx of P64 coctficlcnt~ (42 x 42 

items) was produced. The inter-item, Item to STREAM total, and Item to ~ub'lCale 

tota1 score correlations are presented in Appendix 9.2. Inter-Item correlatJon~ rangcd 

from 0 to 1.0, wlth 8.2 % (145 / 17(4) of the correlations falhng below 0.4, 72.8 % 

(1284 / 17t4) between 0.4 and 0.85, and 19.0 % (335 / 17(4) above 0.8'). The 

individua1 item to total correlations ranged from 0.49 to 0.95. Item to subscale 
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correlations ranged from 0.47 to 0.99. The alpha coefticients, calculated for each of 

the forty-three items to determine the effect that omitting that particular item would 

have on the overall alpha, ranged from 0.987 to 0.988; alphas for the STREAM 

subscales were 0.972 for the lower extremity, 0.979 for mobility, and 0.985 for the 

upper extremlty; the overall alpha coefficient for the forty-three item instrument was 

0.988. 

4.3 Kappa Statistics for Itews on the Test Version of STREAf\1 

For ea~h of the forty-three items included in the test version of STREAM, the indices 

of crude agreement and expected agreement using quadratic weights are presented in 

Table 4.4, along \Vith the kappa statistics derived from these t\\'o indices. The 95% 

confidence Intervals associated with each quadratically weighted kappa statistic are also 

glven. 

Over the fort y-one items where kappa could be calculated, the coefficients ranged from 

0.32 to 1.0. This distnbution is summarized in Figure 4.2 as a stem and leaf plot. 

Clearly, the kappas of 0.8 and 0.9 predommated, indicating excellent agreement. Of 

the four items with less than excellent agreement, two items (item 6: hip abduction in 

side lytng, and item 7: moving knees side to slde) had been added to the test version of 

STREAM, after the second conscn!)us pand. Also, there was very little variability of 

scoring (shown in Appendix 9.1) for two items (item 10: maintaining ereet sitting, and 

item 28: reaching to the floor) as both of these items were performed well by aIl the 

patients assessed in this study. 

FIGURE 4.2 

Stem and Leaf Plot lllustrating the Distribution of QuadraticaUy Weighted 
Kappa., from the Direct Observation ReUabiUty Study of Intel'-Rater Agreement 

POOR 0.1 
AGREEMENT 0.2 
( < .4) 0.3 2 

0.4 
MODERA TE 0.5 3 8 
AGREEMENT 0.6 5 
( .4 -- ! 75 ) 0.7 

EXCELLENT 0.8 1 1 660 6 7 789 9 
AGREEMENT 0.9 00122 3 444 455 55566667777 
( > .75 ) 1.0 000 

Nole: Kappa!. glwn for 41 Itt!ms for whlch kappa was defmoo. 
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Indices of Agreement for Pairs of Raters Scoring Twenty Subjects 

Item ludex of Crude Expected8 Weighted Kappa 95% Confidence 

Number Agreement (%) Agreement (%) (Kw) b Interval for K". 
Upper Extremity Subscale: 
1 84 65 .89 0.70--1.02 
2 95 68 .96 0.88--1.04 
11 85 63 .90 0.79--1.01 
12 85 69 .88 0.75--1.01 
13 79 61 .86 0.73--1.00 
14 85 64 .90 0.78--1.01 
IS 80 65 .86 0.71--1.00 
16 100 67 1.00 1.00--1.00 
17 100 62 1.00 1.00--1.00 
18 90 66 .93 0.82--1.03 
19 90 58 .94 0.86--1.02 
20 95 61 .97 0.90--1.03 
21 94 68 .96 0.87--1.04 

• I~wfr Extremity Subsealf: 
3 85 95 .32 - 0.27--0.90 
4 90 73 .91 0.77--1.04 
6 74 86 .53 0.20--0.85 
22 95 78 .94 0.83--1.06 
23 90 80 .87 0.71--1.04 
24 100 74 1.00 1.00--1.00 
25 94 76 .94 0.82--1.06 
26 85 65 .89 0.77--1.02 
27 95 81 .94 0.82--1.05 
31 95 76 .95 0.85--1.05 
32 74 65 .81 0.66--0.97 
33 95 60 .96 0.89--1.04 

(ront •.• ) 
a E:xpected agreement assuming quaJratlc welght ... 
b Quadratically welght~d Kappa slahstic. 

• 
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TABLE 4.4 (co nt} 

Item Index of Crude Expecteda Weighted Kappa 

Numbt'r Agreement (%) Agreement (%) (Kw) b 

Basic Mobility Subscale: 
5 90 79 .86 
7 80 87 .58 
8 95 84 .86 
9 95 80 .97 
JO 95 98 

__ c 

28 100 100 __ c 

29 70 81 .65 
30 85 82 .81 
34 90 74 .96 
35 84 78 .92 
36 89 77 .87 
37 89 77 .95 
38 89 73 .95 
39 84 77 .92 
40 89 77 .95 
41 89 78 .95 
42 95 78 .97 
43 95 78 .97 

R Ex~too agrt!t'ment a!>!.ummg quadratK' welghtl>, 
b Quadratlcallj welghtoo Kappa !.tatl!.lic, 
( Kappa unddmed becauo,e t!lther the numeralor or denommator was 0, 

4.4 Item Reduction 
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95% Confidence 

Interval for Kw 

0.65--1.08 
0.16--1.00 
0.59--1.13 
0.92--1.03 

0.34--0.95 
0.56--1.06 
0.90--1.02 
0.83--1.01 
0.67--1.07 
0.87--1.02 
0.89--1.02 
0.83--1.01 
0.88--1.02 
0.87--1.03 
0.92--1.03 
0.92--1.03 

The specifie criteria used for the process of item reduction were presented in Table 3.1 

and section 3.1.4. In brief, two or more of the following characteristics would result 

in an item being eliminated: a preponderance of very high or very low inter-item 

correlations (more than 1/3 (14/42) of the inter-Item correlations falling out si de the 

range of 0.4--0.85)., very high correlation(s) (r> 0.9) with item(s) measunng the same 

hmb segment or a closely related mobility task, a very high or very low item-to-total 

correlation (outside the range of 0.4--0.85), an item Kappa statistic below 0.6, 

questionable faee validity or c1inical relevance. Thus, the decision to keep or omit 

items on the completed instrument was based on a combination of information, 

including the data obtained in the analysis of internai consistency of the test version of 

STREAM. item kappa statistics derived from the direct observation reliability study 
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(presented in Table 4.4), and judgements made by the consensus panels regarding the 

importance of the item in measuring the construct of motor recovery. ln addition, 

insight f('garding the clinical relevance and practical limitations of the items gallled 

during the direct observation rehablhty study contributed to the decislon process. The 

items that were retained in the final verston of STREAM are noteà ln Table 4.5, along 

with the number of inter-Item correlations that fell outside the acceptable range of 0.4 

to 0.85, the item to total correlation5., and a comment regarding the itcm's chmcal 

relevance. Similarly, Table 4.6 presents the Items that were excluded from the final 

version of STREAM, and the rationale on which these decisions were bascd. 

TABLE 4.5 

STREAM Items Relained 

Item Out of Range Item-lo-lota 1 Kappa Clinicat 
Number Item-to-item Correlation Stati~tic h Relcv8nce 

Correlations a 

Upper Extremity SubscaJe: 
1 protract scapula'" * 4 .88* .89 unique item; low level 

2 extend elbow ** 1 .76 .96 unique item 

II shrug ~houlders 7 .89'" .90 unique Item; low levcl 

12 touch head 12 .81 .88 functional 

13 hand to sacrum 9 .73 .86 unique item; 10w level 

IS full elevatlon 8 .81 .86 unique item 

17 supinate/pronate 12 .78 1.00 unique Item 

18 close hand 8 .74 .93 unique Item 

19 open hand 13 .78 .94 unique item; hlgher level 

20 opposition 13 .72 .97 unique item; hlgh level 

Lower Extremity Subscale: 
4 supine hip flexion 5 .73 .91 unique item; functional; 

low level 

22 sitting hlp flexion 4 .85* .94 unique item; functlonal; 
low level 

23 sitting knee ext 2 .86* .87 low level; functlonal 
24 sittmg knee flex * * 9 .92* 1.00 unique item; functional 

Note: * = unacceplablt: \'alu~ (M:~ cnlt:non fur Ilt:m rt!ductlon. Tablt: 3 1). (COllt ••• ) 

** = added for !.tatJ.,ttcal venhcatJon of content (not c()ntnhutcd hy pancl.,) 
Il Numoor of mtt:r-!teffi correlatIOn!> oUl.,.de ot rcmgc 0.4--0.85, out 01 a total ot 42 . 
b Quadratlcally welghtt:d Kappa !.tatt.,tlC!. trom dJft!ct obM:rvatulO rehahlhty study. 
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• TABLE 4.5 (co nt) 

STREAM ~tems Retained 

Item Out of Range Item-to-total Kappa Clinicat 
Numbcr Item-tu-item Currelalioll Stati!ltic h Rele\'ance 

Correlations a 

25 ~itting dorsifleJ\.ioll 6 .90'" .94 unique item; higher level 

26 plantarflexion** Il .86* .87 unique Item; functional; 
higher level 

27 extends knee and 7 .89* .94 high level; selective , 
dorsiflexes** movement 

31 standmg hlp abd 12 .87* .95 unique item; high level 

32 standing knee 8 .82 .81 high level; lsolated 
flexion movement 

33 stand mg 7 .87'" .96 high level; isolated 
dorsitlexion movement 

Basic Mobility Subscale: 
5 rolling 2 .63 .86 unique item; functional; 

low level 

• 8 bridging 10 .60 .86 unique item; functional; 
low level 

9 supine to sitting 7 .82 .95 unique Item; functional; 
higher level 

29 Tises to standmg 0 .79 .65 unique item; functional; 
higher !evel 

30 maintams standing 1 .82 .81 unique item; functional; 
low level standing activity 

34 step onto step ** Il .90* .96 unique item; functional; 
higher level 

36 3 steps backward 9 .89* .87 unique item; functional; 
higher level 

38 3 steps to affected 13 .94* .95 unique item; functional; 
side higher level 

41 walks 10 m 5 .82 .95 unique item; functional; 
high level 

43 down 3 stairs 9 .91 * .97 unique item; functional; 
hiSh level 

Note: * = unan'eptahll' valut' (M!e cntenon for Item roouctlon, Table 3.1). 

• ** = added tor stall~h.:al \enficatllln of ('nnœnt (nnt contnbutoo b)" pandls) 
ft Numbcr ot mtcr-ltem l'orrdattnn~ outMdc of rang~ 0.4--0,85, out of a total of 42 , 
h Quadrillically wClghtoo Kappa !>tatJ!>tK'!> trom duect observalJon reltabthty study, 
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TABLE 4.6 

STREAM Items Elitninated 

Item Out of Range Item-to-total 
Number Item-to-item Correlatioll 

Correlations a ----
Upper Extrerrdy Subscale: 

14 900 shoulder 10 
flexion 

16 900·shoulder 
abduction 

II 

21 extends wrist and 9 
fingcrs** 

Lower Extremity Subscale: 

3 maintains 8 
1/2 crooklying 

6 sidelying hip 
abduction** 

2 

Basic Mobility Subscale: 

7 rotates knees si de 1 4 * 
10 side*'" 

10 maintains sitting 17* 

28 reaches to floor 21 * 

35 3 step~ forward 12 

.87* 

.86* 

.85 * 

.54 

. TJ 

.59 

.51 

.49 

.92* 

Kappa 
Slati~tic h 

.90 

1.00 

.96 

.32* 

.58* 

.92 

Clinical 
Relevancl' 

incorporated in full flexion 
(r=.93) 

incorporated in hand to hC<ld 
(r=.91) 

may be more IIITlited by ROM 
Ihan motor rcco"cry; r - .92 
with opcn~ hanJ & opplI:,itioll 

weak association with suhscalc 
(r=.5 with subscale total) 

may be limlted by slrenglh 
(bilat wcaknes'i; c()mpcn~tc 
with flexion); more fundion •• 1 
in standing 

incorporated in rollmg / ~lIpme 
10 sit; wcak a .. ~ociatlon with 
&ub~alc (r- .6) 

no variahihty; weak (r=.57) 
association with slIb .. calc 

no variahility: weak (r=.47) 
association wlth sllh~alc; may 
rdlcct gcncraJ hcahh amI 
flexiblhty V~ motor recovery 

incorporated in 10m walk 
(r=.87); r=. 96 wlth ) lItep .. 
backward 

Note: * = unacceptahle value (see cnte non for item r~uctJOn. Tahle JI). 
*.-: = added tor l>tah~.hcal venficatlOn of clmtent (not c()ntnhut~ hy pand,) 

(cont ••• ) 

a Nurnher of mter-Item correlation .. outMdt' (If mnge 0.4--0.85. out of a total of 42 . 
h Quadrattcally wClghtcd Kappa stah!.hc ... from dmxt nh.,crvatllm rcIJahlllty !otudi. 
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TABLE 4.6 (coot) 

STREAM Items Eliminated 

Item Out of Range Item-to-total 
Number Item-to-item Correlation 

Correlations a 

Basil' Mobility Subscall' (('ont): 

37 3 steps:o 14* .95* 
unaffected si de 

39 turn~ 90° to 
unaffcctcd side 

40 turns 90° to 
affcctcd side 

42 up 3 stalrll 

IS"" .9S* 

12 .94* 

9 .91 * 

Kappa 
StatbtÎc b 

Clinical 
Relevaoce 

.95 r=. 97 with 3 steps to aff; 
towards unaff side may be 
initiated by compensation vs 
indicative of motor recovery 

.92 r=. 99 with 900 to aff; towards 
unaff 5.idc may be initiated by 
compen5.cllion vs inùicalive of 
motor recovery 

.95 r=.99 wilh 3 steps to aff si de 

.97 r= 1.00 wlth up 3 steps 

î,.olc: ' -= unat't'Cptahle value (~ cntcnnn for Item red1lclton, Tahle 3.1). 
** = a410lXl for !otatl!otlcal vcnhcahnn of content (not contnhutlXl hy panel),) 

li Numhcr 01 mtcr-llem t'orrclatlo:1)' oubldc ot range 0.4--0.85. out of a total ot 42 . 
b QWlllralically wCIghtlXl Kappa <;tatl,hc!o trom om:ct obM!rvatJon rchahihty study. 

4.5 Results of the Direct Observation Reliability Study 

4.5.1 Characteristics of the subjects 

Table 4.7 summarizes the charactenstics of the twenty subjects who parucipated in the 

reliability study at the JRH, and the six additional low level subjects whose scores on 

STREAM were used ln the mtemal consistency analysis. To elaborate, of the twenty 

subjects al the JRH, four had had previous CVAs involving the same side; six subjects 

were aphaslc; three ~ubjects had pro minent perceptual and memory impairments; two 

su~;ects complamed of shoulder pain; two subJects spoke neither EngJish nor French, 

and were assesred with the help of a family member acting as translator. Interestingly, 

the majority (14/20) of subjects had left hemisphere CV As, probably reflecting a 

greater propenslty to admit patients needing a multitude of rehahihtation services. Of 

the six additional low level subJects, three subjects were aphasie and four of the 

subjects had prominent perceptual and cognitive Impairments. The total scores on the 

test version of STREAM (niw score out of a maximum of 104, transformed to he out 

of 100) for these six low level subject~ were 7. 7, 19, 20. 28, and 33. 
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TABLE 4.7 

Characteristirs of the Subjects Participatint: in the Direct Observation Stud}' 

Type of Side of Sex Age Days Post Comments 1 
CVA CVA CVA Comorbid Conditions 

Ischemie R M 60 77 Shouldcr P,un 
Ischemie R M 67 141 1 Previou!o> CV A (sam\! !o>ldc) 
1schemie R M 70 47 3 Prcvlou!o> CV A", (l>am\! side) 
lschemie R M 86 130 Languagl! Barrkr 
Ischemie R F 73 119 Mild Pcrccptual/Mcmory DcfJeltl> 
Ischemie L M 61 110 Apha..'-.lclPerceptual Prllhlcms 
Isèhemie L M 67 66 Expre~!\ivt! Apha!\ia 
Ischemie L M 70 70 Apha~ie 

hchemic L M 75 105 Apha..'-.k/Languagc Barrier 
Ischemie L F 47 > 1460 2 Prcviou!. CVA!.. Lupu~ 
Ischemie L F 48 113 Mild Apha.'-.ia 
Ischemie L F 63 92 Mild Ataxla ll/E 
Ischemie L F 69 94 1 Prcviou!>. CV A (full rceovcry) 
Ischemie L F 71 122 Shoulder Pam 
Ischemie L F 79 64 Hip f'racturc (pinncd-WI3AT) 
IschemÏl.: L F 80 52 Ataxia & Vertigo~ OA Knccs 

Hemorrhagic R F 50 155 Ancury!.m Chppcu. Lohccwmy 
Hemorrhagic L M 58 89 E.xpn.!~~)ve Aphasia 
Hemorrhagic L M 59 101 No Complication~ 
Hemorrhagic 

= 
L M 80 238 Pcrcel!tion(Memory ''!!(lalrcd 

Additional Low Leve) Subjects (for internai con~istenc 'anal si~) 

l!lchcmÏl.: R F 81 44 Pen.:~ption/Cogl1ltlon Impall'l!lI 
Ischemlc L M 63 15 Apha..,lclPerccptual Prohlcm!. 
Ischemlc L F 67 21 Mlld AphasIa 

Hemorrhagic R F 34 16 Migraine!>. 
Hemorrhagic L F 57 18 PerceptIOn/Cognition lmpairt!d 
Hcmorrhagk L M 70 41 Pcrcc~tlnn/rognition Im~aircll, A~ha!.ia 

4.5.2 Characteristics of the raters 

The raters were experienced physiotherapists (mean 5 years; range 2 to 9 years) who 

had worked with stroke patients (mean 2.5 years; range 1.5 to 3.5 years). The six 

raters participating in the reliability study at the JRH inc1uded four therapist~ working 

at an in-patient reh2bihtation settmg (the JRH), one therapi ... t from an acute care 

setting. and the author (KD). The clinical backgrounds of the~ therapi~t~ arc 

presented in greater detail in Appendix 7. 
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4.5.3 internai consistency of the completed STREAM 

Using only the data for the thirty items that were retained, the individual item to total 

correlations for the completed STREAM were calculated for our sample of twenty-six. 

as had been done en the test version (presented In 4.2). These values, presented in 

Table 4.8, were comparable (albeit generally slightly lower, as is expected with fewer 

items included) to those for the forty-three item instrument, and ranged from 0.579 to 

0.926. The alpha coefficients refIecting the effect that omitting a particular item would 

have on the overall alpha, ranged from 0.982 to 0.984; a1phas for the STREAM 

suhscal~s were 0.965 for mobility, and 0.979 for both of the limb subscales; the 

overall alpha coefficient for the thirty item instrument was 0.984. 

TABLE 4.8 

Correlations of Item to Subscale and Totlll Scores on the Thirty Item STREAM 

Item Numbel' Correlation with: 
Subscale Test Version (Completed) Subscale Score Total STREAM Score 
Upper E1\lrernily: 1 (l) .815 .883 

2 (2) .840 .768 
11 (7) .852 .904 
J2 (8) .952 .833 
13 (9) .905 .749 
15 (10) .875 .818 
17 (11) .967 .793 
114 (12) .-J14 .752 
19 (13) .947 .800 
20 (14) .907 .736 

Lower E~tremity: 4 (3) .852 .740 
22 (15) .864 .846 
23 (16) .878 .856 
24 (17) .918 .915 
25 (18) .895 .897 
26 (19) .960 .861 
27 (20) .937 .886 
31 (23) .895 .851 
32 (24) .926 .817 
33 (25) .897 .876 

Ba. .. ic l\Iobilit): 5 (4) .610 .636 
8 (05) .585 .579 
9 (6) .890 .798 

29 (21) .827 .772 
30 (22) .838 .795 
34 (26) .954 .880 
36 (27) .923 .875 
38 (28) .972 .926 
41 (29) .851 .813 
43 (30) .938 .892 
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4.5.4 Inter-rater agreement for individual items on the STREAM 

Table 4.9 shows, for each item, the distribution of perfeet agreement, disagreement by 

one category, and disagreement by two categories. The table is dlvided into three 

parts. The tirst part lists the Items related to the upper extremity subseate; followed 

by the items pertaining to the lower extremity and basic mobility subscales. The 

number in the last eolumn indicates the number of subjects scored. Where the number 

of ratings was less than twenty, the item could not be scored for some subjects due to 

restricted range, pain, or other limitations. Although not presented, in fourteen of 

fifteen jnstances, the raters eoncurred not only that the item could not be scored, but 

also on the reason why It could not be scored. 

For each subscale, the total number of ratings is given: 197 for the upper extremity, 

193 for the lower extremlty, and 195 for the basie mobility subscales respectively. At 

the foot of the table appears the proportion of ratings where the agreement was perfeet 

or where there was dlsagreement. For example, in the upper extremity sub~ale, a total 

of 174 (54+36+84) ratings, or 88.3% demonstrated perfeet agreement. Similarly, 

disagreement by one category occurred in II. 7 % (23/197) of ratmgs, and there were 

no disagreements of two categories for this subseale. Over ail items, there were a total 

of 585 ratings (- 20 x 30); perfeet agreement occurred in 89.4% of rating~: 

disagreement by one category occurred for 9.6% of ratings: and, for only 1.0% were 

there disagreements of two categories. 

Kappa statistics reflecting the agreement between raters for the scoring of STREAM 

items were presented In Table 4.4, section 4.3. Of the thirty items that were retained 

on the completed instrument, all had excellent agreement, with the exception of item 29 

(rising from sitting to standmg) which demonstrated only moderate agreement (Kappa 

was 0.65). ln addition, none of the signed Tanks for indlvidual item scores (not 

presented) were significant (ie. the probabihties of obtaining the se statistlC!), under the 

null hypothesis of no median difference in score!!, were aIl > .05), indicating that there 

was good agreement between raters. 

4.5.5 Inter-rater agreement within scOling category 'l' 

An additional focus of this project was to determine whether we could incorporate a 

classificatIon representing qualtty of movement lOto a sconng system. 1'0 thlS end, 

category '1' has three divisions: a: partial amplitude of active movement, wlth marked 

deviation from normal pattern, b: partial amplitude of actIve movement, ln a manner 

that is comparable to the unaffected side. and c: complete amplitude of active 
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movement, but with marked deviation from normal pattern. Table 4.10 presents the 

di~tribution of agreement and disagreement within category '1'. This table is cast 

similarly to Table 4.9. The three subscales are indicated, and the items related to each 

of thc'fiC subscales are cJustered under the appropriate sub-headings, as are the total 

number of ratings for each subscale. Only items receiving a score of '1' by both raters 

are described in Table 4.10. 2 For example, for item one, only three of the twenty 

subjects involved rccclved ratings of '1' by both raters; the range over a]] items was 

from one (items 13 and 3,l) to ten (item 27) ratings within category 'l'. 

Overall, perfeet agreement withm category 'l' scoring predominated (82.1 % of ail item 

ratings). For the upper and lower extremity subscales, the preponderance of 

disagrcements werc between 'la' and 'lb' (disagreement related to quahty of 

movcment), and bctwcen 'la' and 'le' (disagreement related to quantity of movement). 

ln contrast, for the basic mobility subscale, disagreement was relatively equally 

distributed over the three possibilities, induding disagreements between 'lb' and 'le' 

(disagreement related to both quality and quantIty of movement). 

The prevalence of ratings within each of the categories lIa', 'lb' and 'le' can be 

derived from Table 4.10. The prevalences of scores obtained for many of the items 

were low, and resulted in correspondingly low kappa statistics. Kappa statistics could 

not be computed for three items becausc the denominator was zero (that is, expected 

agreement was equal to 1). Figure 4.3 is a stem and lcaf plot of the kappa statistics 

obtained for the scores within categof'j 'l'on each item. Over all thirty items, with 

pairs of raters scoring '1', kappas ranged from undefined to 1.0. There was a Vtider 

range of kappas for the agreement on the scoring within category '1', than was found 

for the agreement between categories '0', 'l', and '2' (and '3' for the mobility 

subscale). Values of the crude and expected agreement, and unweighted kappa for the 

agreement on the scoring within category '1' for each item are found in Appendix 9.4. 

l l)isagreements belwt:t:n category 'l'and any other category are retlected in Table 4.9 . 
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• TABLE 4.9 

Distribution of Agreement for Pairs of Raters Scoring Twenty Subjects 

Item Perfeet DÏhl\Kœ'l1l~nl bYi 
Agreement One Catl'gory Two Categoril" 

0,0 1,1 2,2 0,1 or 1,0 1,2 or 2,1 0,2 or 2,0 N* 
Upper E"tremity: 
1 5 3 8 0 3 0 \1) 

2, 4 4 li 0 1 0 20 
11 5 3 9 2 \ 0 20 
12 5 6 6 1 2 0 20 
13 5 1 q 1 3 0 II) 
15 5 4 7 2 ~ 0 20 
17 6 4 9 0 0 0 19 
18 5 5 8 1 1 0 2U 
19 7 2 9 1 1 0 20 
~O 7 4 8 0 0 20 

TOTAL :;4 ~6 84 8 l!i 0 197 
88.3% 11.7 % 

Lower Extremidy: 
4 3 5 10 0 2 0 20 
22 2 8 9 0 0 20 
23 1 8 9 1 1 0 20 

• 24 3 7 10 0 0 0 20 
25 2 4 Il 0 1 () IH 
26 6 4 7 0 3 0 20 
27 1 9 9 1 0 0 20 
31 2 7 9 1 0 () 19 
32 4 3 7 4 0 II) 
33 5 1 10 0 1 0 17 

TOTAL 29 :;~ 91 7 J.Q 0 193 
91.2 % 8.8% 

Item Pert'ed UhIlKr~m~DI b):i 
Agrt.'ell1ent One Category Two ü.tl1(oril" 

0,0 1,1 2,2 3,3 0,1 1 ,2 2,3 0,2 1,3 N* 

Basic Mohmty: 
S 0 7 0 1 t 0 0 1 0 20 
8 0 4 1 14 0 0 0 () 20 
9 0 8 1 10 0 0 1 0 0 20 
29 0 7 1 6 0 4 0 0 2 20 
30 0 5 2 10 0 1 1 0 20 
34 2 8 0 8 0 2 0 0 0 20 
36 1 8 7 0 1 0 0 II) 
38 2 5 8 0 2 0 0 0 18 
41 2 9 5 0 2 0 0 0 19 
43 3 7 4 4 0 1 0 0 0 19 

TOTAL: 10 {!S 12 83 0 I~ ~ 0 6 19~ 

88.7 % 8.2 % 3.1 % 

• Note: only tht:: agreement on the 30 Item!> that were rel.amed (out ot 43) 1'- pre-.enled 
* Palred ratmg!> on 20 !>uhJect:. (due to mlS,nng data, the numher nt paIr .. of ratJngo, range trum 17 tH 20). 
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• TABLE 4.10 

Distribution of Agreement on the Qualitative Divisions Within Category , l' a 

Uem .&rJ:e1i.~ DiswreenJt:Dl 
la Ih le la lh lh h' la lc N* 

Upper Extremi'y: 
1 1 1 3 
2 2 2 4 
Il 1 3 
12 2 4 
13 1 
15 2 4 
17 1 4 
18 2 5 
19 1 2 
20 1 3 4 
TOTAL: J t ~ 9 ...L ...L --L 34 

76.!' % 8.8% 5.9% 8.8% 

Lowcr E:\Irt.."I1lity: 
4 1 2 2 5 
22 3 1 1 6 
23 4 1 8 

• 24 4 7 
25 2 4 
26 4 4 
27 6 IO 
31 4 6 
32 3 
33 1 1 
TOTAL ~8 ~ 8 L _L -L 54 

75.9% 11.1 % 3.7 % 9.3 % 
Ua .. k Mnhility: 
5 1 6 7 
8 1 2 4 
9 2 5 8 
29 4 3 7 
~O 5 5 
34 2 5 8 
36 4 2 2 8 
38 J 9 
41 4 5 9 
43 5 2 7 
TOTAL: 26 34 ..L .L J.. 68 

89.7 % 2.9% 4.4 % 2.9% 

Note: Ilnly thl;' agreement 1111 the 30 ttem~ that were retamoo (out ot 43) IS presented. 
* The numht'f ot :.uhWd!'- (Ilut ot 20) scoroo ']' hy huth rater~. 

• al f'att'gllry one hlt .. thrce dlVlsllln!.: la: partial mllvement wlth marked deviation from normal pattern 
J h: partial mllvetnent Wlth gro..sly nonnal pattern 
le: complete movement wlth marked deviation fTOm normal pattern 
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FIGURE 4.3 

Stem and Leaf Plot of Uoweigbted Kappas Showing Inter-Rater Agreement 
on the Qualitative DivisioD..1i Within Category 'l' 

._-------
0.0 o 0 a 

POOR 0.1 7 8 
AGREEMENT 0.2 o 7 
~4) D.~ Q 

0.4 047 
1\I0DERATE 0.5 o 000 8 8 
AGREEMENT 0.6 9 

(.4 -=-JD. D.7 3 
0.7 S 6 

EXCELLENT 0.8 
AGREEMENT 0.9 
( >.75 ) 1.0 0000000 

Note: Kappa wa~ unùdme<! tor thrt!e llt:m., (dellllmmator 0), thl>!rctorc, 27 kappa., arc prc"l·ntcd. 
a ('rude and expect:!Ù agreement werl' cquIVah:n\ (numcralor 0) tor Iwn ,tt!m.,. 

4.5.6 Inter-rater agreement for subscale and STREAM total score'i 
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Scores for the STREAM as a whole, and for each subscale, were cakulated for c2ch 

subject tJy summing the item scores (sec Appendlx 9.3). A total of fih'en Itell1~ werc 

scored as 'X', because ~even of the patients could not pcrform them duc to rc~trictcd 

range of motion, pam, or other reasons (eg. dlz:lIncss). Therefore, the sçore~ have 

been transformed to ~cores out ot 100. The procedurt tor tran~jormm!! ~uh~calc and 

total scores is shown 10 Appendl'\ 8.3. 

The sub!)cale and total STREAM !)cores glven by the two rater~ for each 01 the twcnty 

subJects are shQwn 10 Appendlx 9.3 and in Figure 4.4. Figure 4.4 abo show~ the 

pattern of agreement between the two raters on !)ubscalc and total ~corc~. The c1o<,c 

proximity of the two lines indicates excellent inter- rater agreement that was c(}n~l~tent 

acïOSS the entire range of !)Cores, with a maximum dlfference on total ~ore~ of tlNclve 

points between ratmgs. Interestingly, there wa~ a tendency for the ratt'f that Will, 

observing to score slightly hlgher than the rater domg the hand~ on a~'lessment. Tht: 

observers gave the same (seven subJects) or hlgher (ten subjccts) total STRLAM \Coré 

than the asse~son~ for seventeen of the tv.enty subject& (85 %). '1'0 dctCl mine whtlnCI 

the difference between the scores given by the two ratcrs wa!' sigrllflcant, ~lgned ranb 

were computed for sub~c;ale and total scores. These test statISlIC&, along wilh thclT 

related probabihtle~. are summarized in Table 4.11. None of the ~Igned ranh werc 

significant (at p< .05), indicating that there was good agreement betwecn the rater~. 
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The signed rank statistic was, however, nearly significant for the total scores, and this 

result corresponds wlth the trend of higher scoring by observers seen in Figure 4.4. 

As wdl as signed rank statistics, Table 4.111Ocludes the accs for inter-rater agreement 

on the subscale and total scores for the twenty subjects. Three different models were 

used to ca\culate the GCCs: subJects and raters as random facets, subjects random and 

raters fixed, and subjects fixed with raters consldered random facets. The Gee 

relating to each of these models mdlcates the extent 10 which we can generalize across 

rateTs (these particular TateTs, wh en raters are considered fixed facets; any raters, 

where . raters are considered random facets) wheil subjects are the object of 

measurement. For example, for the upper extremity subscale, in order to differentiate 

between any subjects using any raters. the generalizabihty coefficIent would be 0.994, 

indicatmg excellent generalizabIlity across raters. The GCes were identical for the 

subjects fixed and subjects as random facets models, where raters were considered 

random facets. This mdlcates that the rateTs contributed little variabihty to the scoring 

of STREAM; rehable STREAM scores should, therefore, he attainabJe by the general 

population of physical therapists, and not just by the selection of raters in thi<; study . 

The GCes were undefined when raters were considered fixed facets, as all of the 

val'iablhty was contnbuted by the subjects and the model was saturated. It can be secn 

from the GCCs obtained, that of the three subscales, the upper extremity subscale was 

the most reliably scored, followed by the lower extremlty and basic mobilily subscales. 

TABLE 4.11 

Summary of Inter-rater Agreement on Subscale and Total STREAM Scores 

for Rater Pairs Scoring Twenty Subjects 

Signed Generalizability a 

Rank Coefficient 

Upper Extremity: -11(.311)h .994 

umer EYt.frelllit): -8 (.281) .993 

Basir Mobility: -16 (.172) .982 

TOTAIL SCORES: -26 (.072) .995 

il Gee ... '-"t"fC C(jUlvalt'nt for rater .. and !>uhJed ... random, and !>ubJt!Cl ... hxed wlth rater!> randllm mooels. 
Il Prohahlhtlt", m hrad,et~. 
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FIGURE 4.4 

Direct Observation Study: Comparison of Two Ratings 

a) Upper Extremlty Subscale Scores 
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b) Lower Extremity Subscale Scores 
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4.6 Results of the Videotaped Assessments ReUability Study 

4.6.1 Characteristics of the subjects 

Table 4. 12 summarizes the characteristics of the subjects who participated in the 

videotaped assessments reliability study. The subjects ranged from high to low 

functioning, and included one aphasie subject, two subjects with perceptual and 

memory impairments, and one subject with shoulder pain. 

TABLE 4.12 

Characteristics of Subjects Participating in the 

Videotaped Assessments Reliability Study 

~_~_;r_~_k_~f __ ~S_~_d~_A_Of~Se,x~I_A_g_e~I_D_a_~_,~_~_o_st~ ________ c_o_m_m_e_n_ts ______ ~ 
Ischemie R M 60 77 High level: U/E impaired 

Minor Shoulder Pam 

Ischemie L M 61 110 Moderate level motof' function 
Aphasic/Perceptual Problems 

Hemorrhagic L M 80 238 Moderate level motor function 
Perceptual/Memory Impalred 

Hemorrhagic R F 50 155 Low level motOi" function 
AneuI)sm Clippcd/Lobectomy 

--------- . ---

4.6.2 Characteristics of the raters 

The twenty raters who participated in rating the tapes were aIl expericneed as 

physiotherapists (mean 9 years; range 1 to 33 years), and had a mimmum of six months 

of expenence workmg wlth stroke (mean 4.5 years; range 0.5 to Il years). They 

inc1uded theraplsts working m acute care, m- and out-patient rehabllitation, and LTC 

settmg~. Table 4 .13 pre~ents the clinical backgrounds of these raters. 

4.6.3 Intra-rater agreement for individual items on the STREAM 

Table 4. 14 I~ orgalllzed in the same manner as Té'lble 4.9 In the presentation of the 

result~ from the dIrect observation reliablhty study, except that, in Table 4.14 the 

dlstnbutions of ratIngs given in the two viewmg seSSIOns by each of the twenty raters 

(lntra-rater agreement) are glven. This 15 in contrast to the distributIOn of agreement 
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TABLE 4.13 

Characteristics of Raters Participating in the 

Videotaped Assessments Reliability Study (N =20) 

Sl'rvÎcl' CaMiload # of Strok ... • PHtÎl'nh \'l'a~ of 1'~'Pl'rÎt'm'l' 
Arca Assl'Ssrd in ~~~tJ/ca_r_l_!~Y~~~ ~~Jf"!l~r)_ 
Acutc Neuro 10-30 1 (0.5) 
Acute Mixed 10-30 1 (05) 
Acute Neuro 10-30 10 (5) 
Acute Neuro 10-30 3 (1) 
Acute Neuro 10-30 11.5 (2) 

In-pt rehab/ Acute Neuro >30 4 (4) 
ln-pt rehabl Acute Mixcd 10-30 55 (4) 
In-pt rehah/ Acute Mixed 10-30 2 (1) 

ln-pt rehab GeriatrÏcll 10-30 5 (2) 
ln-pt rehah Mixed >30 20 (10) 
ln-pt rehah Stroke 10-30 () (4) 
In-pt rehab Stroke 10-30 8 (3) 
ln-pt rehab Neuro >30 7 (6.5) 

ln-pt rehab/L TC Mixed 10-30 9.5 (3.5) 
Out-pt rehah Neuro >30 24 (II) 
Out-pt rehah Neuro >30 33 (II) 
Out-pt ortho Ortho < 10 6.5 (5) 

LTe Mixed 10-30 lO (7.5) 
MSc Student N/A < 10 4 (2.5) 
MSc Studt!flt NIA < 10 8 (4) 

for rater prurs (inter-rater agreement) shown 10 Table 4.9. The dlstnbutlon of 

agreement 10 each of the three categories (perfeet agreement, disagrecment hy one 

category, and dlsagreement by two categones) for each Item. and for each of the threc 

subseales are presented. The number in the la~t column mdlcates the total numbcr of 

ratings given for the four videotapes comhmed (te. 4 vldeotape~ x 20 rat.cr!. ::: gO 

ratings). There were no ffil~smg Ïtem score~, hence there are a total of 80 ratmg!> for 

eaeh Item, a total of 800 ratmgs for eaeh subsealc (10 Items x 80 rating~), and a grand 

total of 2400 rating5 over a11 30 item5. Over aIl Item~, perfce! agreement occurrcd in 

85.7% of the ratings, dlsagrcement by one category occurred for 12.1 %, and for only 

2.2% were there dlsagreements of two categortcs. 

Four tables (slffilJar to Table 4.14) ~howmg the dlstnbutlOns of mtra-rater agreement 

achieved on Item score~ for each of the vldeotape~ (20 rattng~ for each Item) can bc 

found in Appendix 10.1. The dlstnbutlom of intra-rater agreement~ over each of the 
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• TABLE 4.14 

Distribution of Agreement for Twenty Raters Scoring Four Videctapes 

Item Perfed ---PÏSiI&reemenl b):; 
ARreement One Cat~ory Two Ca.egorie.·~ 

0,0 J,I 2,2 0,1 or 1,0 1,2 or 2,1 0,2 or 2,0 Nt 

Upper Extremity: 
1 17 45 6 5 7 0 80 
2 0 42 18 0 20 0 80 
II 17 24 15 18 6 0 80 
12 24 51 1 3 1 0 80 
13 25 49 1 4 1 0 80 
15 23 47 2 5 3 0 80 
17 2 72 1 5 0 0 80 
18 14 47 4 12 3 0 80 
19 42 11 4 15 8 0 80 
20 22 47 2 6 3 0 80 
TOTAL: 186 4~:;~ 73 !i2 ° 800 

84.4 % 15.6% 
Lowt.'l' Extremit)': 
4 13 18 39 6 4 0 80 
22 0 43 23 0 14 0 80 
23 0 56 21 1 2 0 80 
24 2 46 21 6 5 0 80 • 25 22 31 16 4 7 0 80 
26 19 24 21 12 4 0 80 
27 1 55 20 4 0 0 80 
31 6 35 22 10 6 1 80 
32 20 26 19 14 1 0 80 
33 40 16 17 5 2 0 80 
TOTAL: 12~ J:;n 212 62 4S _1_ 800 

86.5 % 1~.4 % 0.1 % 

Item Pt!rf'ect Di>a&reernl:nl ln: 
A J:rt.'t.'Illt'nt One Category Two Categorie. 

0,0 1,1 2,2 ~,~ 0,1 1,2 2,3 0,2 1,3 Nt 

Ba'iic Mohilitv: 
5 0 56 0 7 0 3 0 0 14 80 
8 0 ., 0 6S 0 0 1 0 7 80 
9 0 29 23 Il 0 5 4 0 8 80 
29 0 22 24 20 0 13 1 0 0 80 
30 0 Il 0 45 0 1 J 0 22 80 
34 0 49 2 20 0 9 0 0 0 80 
36 0 54 0 le) 0 7 0 0 0 80 
38 0 SI 1 20 0 8 0 0 0 80 
41 0 58 0 20 0 2 0 0 0 80 
43 0 57 0 20 0 3 0 0 0 80 
TOTAL: Q ~9~ ~Q 247 ~ :;1 Z Q ~ 800 

86.4 % 7.3 % 6.4% 

• NUh': nnl)' thl' agTt'<:'m~nt on the 30 It~m~ that wer~ rdalOed (out nf 43) IS presentl;',d. 
• Twent) raie .... <,,'\lnng tour vldeotapc!t on two o~caSlOn!-o, 
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three subscales, and over a11 scale items (ie. on total scores), for each of the four tapes 

individually (20 ratings per it~m). and for the four tapes combined (80 ratmgs per llem) 

are summarized in Table 4.15. For examp1e, it can he seen from the tirst row of Tahlc 

4.15 that, for the Tape A upper extremity subscale scores, 84.0% (168/200) of mlll1g~ 

occurred in the perfect agreement category. 16.0% (32/200) of the ratll1g~ werc 

disagreements by one catp.gory, and none of the paired ratmg!. dlffered by two 

categories. The ranks of the extent of perfeet agreement on each of the subscalc~ and 

for total scores for the indivldual videotapes are glven ln the second column of Tahle 

4.15; ~hese ranks corresponded roughly with the subJects' functional levels relative to 

each of the subseales. The two lower ranking videotapes (Tapes (' and D) were the 

subjects with left sided CV As and perceptual problems. 

The signed ranks, and accompanying probabihties. mdicating mtra-rater agreement on 

individual test Items for each of the four videotapes, are presented in Appendix 10.4. 

There were only two items ('maintain standing' of tape C, and '!lit to stand' of tape D) 

with significant (p< .05) signed ranks, reflectmg a slgniticant trend to score the item 

higher on the second vlewlog sc!lsion. Thus. wlth the exception of those two Item!!, 

there was generally good agreement between the raters' scores on the two vlewing 

occasions, over aIl items on the four separate tapes. 

4.6.4 Jntra-rater agreement within scoring category 'l' 

The distribution!) of mtra- rater agreement and dlsagreement wlthm ccltegoT} 'l' (!lilntlar 

to Table 4. 10) for the item scores for each of the four videotapes are found III 

Appendix 10.1. Table 4.16 IS orgamzed in the same fashlon a., Table 4.15~ II 

summarizes the distributiOns of irltra-rater agreement and disagreement VJtthin category 

'1' for subscale and total scores, for each of the four vldeotapes mdivldually. and for 

the four videotapes combined. The numbcrs of pa1red rattng~ WhlCh occurrcd withlll 

category 'l' for each subscale and for total scores for each vidcotape (from a maxImum 

possible of 20 ratmgs x 1 0 ltem~ 10 cach subscale, or from 20 ratlTlg!) x the total of 30 

item~ (ie. 600 ratings for total score!l) per tape) arc noted 10 the la.,t co)umn of this 

table. Tape A had the fewest paued raungs wlthin category '1' (143, over the 30 

items), as thiS subJect was relatlVely hlgh functlOlllng. Tape B (our lowe~t fur\ctlonmg 

patient), also had fewer ratmgs wltrm category '1' than dld the tapt' C and Tape D 

subject!). For the subscales ')f the videotapes, the number of ratlTlg~ wlthm category 'l' 

ranged from three (for the tapo;; A lower extremlty sub!)cale) to 146 (on the tape D ba!)lc 

mobihty subscale). No meaningful rank!:' could be glven for the extent of perfect 
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• TABLE 4.15 

Summary of Intra-Rater Agreement for 
Twenty Raters Sforing Four Videotapes on Two Occasions 

PerCeea Disaa=reemenl {%) 

Ranka Agreement (%) One Category Two Categories 
0.0 l,J 2.2 0,1 or 2,J 0.2 or 3,1 N* 

Upper Extremity: 200 

Tape A 3 168 (84.0) 32 (16.0) 0 

TapeR 4 184 (92.0) 16 (8.0) 0 

Tapee 2 162 (81.0) 38 (19.0) 0 

TapeD 161 (80.5) 39 (19.5) 0 

Combined 84.4% 15.6% 0 800 

Lower Extrelllit)': 200 

Tape A 4 193 (96.5) 7 (3.5) 0 
TapeR 3 168 (84.0) 31 (15.5) 1(0.5) 

Tapee 1 164 (82.0) 36 (18.0) 0 

• TapeD 2 167 (83.5) 33 (16.5) 0 

Combined 86.5% 13.4% 0.1% 800 

Basic Mobilit); 200 

Tape A 4 189 (94.5) 0 Il (5.5) 

TapeB 2 174 (87.0) 13 (6.5) 13 (6.5) 

Tapee 1 154 (77.0) 30 (15.0) 16 (8.0) 

TapeD 3 176 (88.0) 13 (6.5) 11 (5.5) 

Combined 86.4% 7.3% 6.4% 800 

TOTAL SCORES: 600 
Tape A 4 550 (91.7) 39 (6.5) Il (1.8) 

TapeB 3 526 (87.7) 60 (10.0) 14 (2.3) 

Tapee 1 480 (80.0) 104 (17.3) 16 (2.7) 

TapeD 2 504 (84,0) 85 (14.2) 11 (1.8) 

Combined 85.7% 12.1 % 2.2% 2400 

• 20 rakr!- M.'onng 30 Itcm~ ( 1 (\ Ikm., tor each suhl>,,ale) on each vldeotape; 
20 ratef!- M'ortng 30 Item., nn the 4 vldeotape!- (cornhmoo). 

al Ranked \11 onler ot e;;tent ot pcrt~t agr~ment. 

• 
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• TABLE 4.16 

Summary of Intra-Rater Agreement Within Scoring Category 'l' 

for Twenty Raters Scoring Four Videotapes on Two Occasions 

Perfeet Diss.:reemenl {% l 
Agreemt>nt (o/()) 

la lb le la lb lb le la le N* 
UPlX'r Extremity: 

Tape A 102 (83.6) 11 ( 9.0) 7 (5.7) 2 (1.6) 122 

Tape B 42 (84.0) 8 (16.0) 0 0 50 

Tape C 103 (93.6) 6 (5.5) 0 1 (09) 110 

TapeD 116 (92.8) 9 (7.2) 0 0 125 

Combined 89.2% 8.4% 1.7% 0.7% 407 

Lowe .. Extremity: 

Tape A 2 (66.7) 1 (33.3) 0 0 .3 

Tape B 65 (65.0) 20 (20.0) 4 (4.0) 11(11.0) 100 

• Tape C 89 (63.6) 39(27.9) 5 (3.6) 7 (5.0) 140 

TapeD 94 (87.0) 14 (13.0) 0 0 108 

Combined 71.2% 21.1% 2.6% 5.1% 351 

Basic Mobilily: 

l'ape A 18 (100) 0 0 0 tg 

Tape B 134 (95.0) 0 t (0.7) 6 (4.3) 141 

Tape C 97 (91.5) 8 (7.5) 0 1 (0.9) 106 

Tape n 137 (93.8) 6 (4.1) 0 3 (2.1) 146 

Combined 93.9% 3.4% 0.2% 2.4% 411 

TOT AL SC ORES: 

Tape A 122 (85.3) 12 ( 8.4) 7 (4.9) 2(1.4) 143 

Tape B 241 (82.8) 28 (9.6) 5 (1. 7) 17 (5.8) 291 

Tape C 289 (81.2) 53 (14.9) 5 (1.4) 9 (2.5) 356 

Tape D 347 (91.5) 29 (7.7) 0 3 (0.8) 379 

Combined 85.5% 10.4% 1.5% 2.6% 1169 

* Tht: numoor 01 pauw ralmg" wlthm catt:gury 1 l' (out ni a maXimum ni bO() pt:f tart:) tor 20 ra\erh 

sconng 30 Itl!m,> on two ()Çca.,loni't. 

• 
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agreement within scoring eategory one (as was done in Table 4.15) beeause there were 

only three paired ratings within category 'l' for the tape A lower extremity subscale. 

Clear]y, the majority of ratings within category 'l' demonstrated perfeet agreement. 

The basic moblhty subscale had the highest proportion of ratings with perfeet 

agreement (93.9% OVCI ail 4 tapes), foHowed by the upper extremity (89.2%), and the 

lower extremlty (71. 2 %) subscales. Dlsagreements of two categories occurred more 

frequently on the lower extremity subscale (5.1 % over the 4 tapes), than for either the 

mobllity (2.4%) or the upper extremity (0.7%) subscales. 

4.6.5 Intra-rater agreement for subscale and STREAM total scores 

Figure 4.5 shows the pattern of agreement on the total STREAM scores given by the 

twenty raters for each of the four videotapes on the two occasions. The close 

proximity of the two Imes suggests excellent intra-rater agreement. The paired rating!; 

were generally wlthm a few points of each other: the greatest difterence between 

ratings on the two occasion!. on any of the tapes was ni ne points. Because there were 

no items scored as 'X' in thls study, total STREAM scores were not transfonned to be 

out of 100, and the raw scores out of a maximum possible score of seventy (ie. a 

maximum of twenty pomts on each of the limb subscales and thlrty points on the 

mobihty subscale) are shown. Plot!. of subscale score~ for each of the four videotapes 

are found in Appendlx 10.2. Tables of subscale and total STREAM scores for each of 

the four vldeotapes are found 111 Appendlx 1O.~. From these tables, and 111 Figure 4.5, 

it can be seen that, although mtra-rater agreement was exçellent, the subscale and total 

STREAM score~ given were consistently slightly hlgher (an average of two points 

hlgher for total scores, over the four tapes) for the second rating session. 

To de termine whether the trend to score higher on the second session was significant, 

signed ranks were computed for subscale and total scores for the four vldeotapes; the se 

statistical tests of agreement are prescnted in Table 4.17. The signed ranks were 

slgnitïcant (p < .05) for ail subscales on tapes C and D, indlcating that the trend to 

score hlgher on the second view1I1g sessio:1 was slgnificant for these tapes. 

Table 4.17 aho summarilcs the GCCs for subscale and total scores for the four 

videotape~. The sUDscale GCCs werc identical for the raters tÏxed and raters random 

Inodels, and dlftercd only in the third del!lmal place for the total 5COIe GCCs. Unlike 

the results of the dIrect observation 'ltudy, where the upper extremity subscale was the 

most rehably scorc, the GCCs In this study were slight1y higher for the lower extremity 
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and mobility subscales, followed by the upper extremity subscale. Ali raters 

demonstrated excellent intra-rater agreement on scoring the 4 videotapes, with GCCs 

for individual raters ranging from 0.982 to 0.999 (subJects and occasIOns fixed 

model). 

TABLE 4.17 

Summary of lntra-rater Agreement for Subscale and Total STREAM Scort'S 

for Twenty Raters Seo ring Four Videotapes on Two Oceasioffi 

Uppel' Lowe.' Basic TOTAL 
Extremity Extremity Mobility SCORES 

Signed Rauk~ 

TAPE A -6.5 (.801) a -7 (.188) -12.5 (.273) -25.5 (.246) 

TAPER -9.5 (.365) 6.5 (,659) -13.5 (.427) -17.5 (.076) 

TAPEe -35 (.049) -39 (.012) -83 (.0003) -74.5 (.0001) 

TAPED -53 (.009) -26 (.045) -33 (.001) -99 (.0001) 

GeneralizabiHty Coefficient h: 

.963 .999 .999 .999 

a Prohalnhhc!> IR br.lCkd~. 

b .\1mlcl = buhJ~cb and occasions hxeU, rat~r~ randnm. 

4.6.6 Inter-rater agreement for STREAM scores on the two oceasion~ 

For each of the two viewing sessions, inter-rater agreement on the scoring of the four 

videotapes was determined. That js, GCes were computed for cach occasion, 

providing t\\'o estimates of the agreement be!ween the twenty rater~ on total STRbAM 

scores given on the four taped assessments. The STREAM scores uscd to estimalc 

inter-rater agreement for each of the two occasIons are glven in Appendlx IU.3. and arc 

shown in FIgure 4.5. The relatIve flatne~~ (slope near 0) of the linc~ that ~how the 

scores on the two occaSIOns 10 FIgure 4.5, mdicates that the agreement between rater~ 

on the total STREAM scores wa!. excellent on each occasion. On both occasions the 

GCes were 0.999 (subjects fixed and raters random model). 
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FIGURE 4.5 

Videotaped Assessments Reliability Study: 
Comparison of the Two Ratings on STREAM' 
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4.7 Summary of the Results 

Based on the consensus of the two panels of experts, whose members represented the 

potential consumers, the items and scoring of the original STREAM wcrc revised to 

enhance content validity. The test version of STREAM was comprised of forty-three 

items, with three subscales of twenty-tive limb movement items (scorcd on a J-point 

scale) and eighteen baSIC moblhty items (scored on a 4-point scale). Item reductlon, 

based on preliminary estimates of reliabihty of scoring Items and lI1tcrnal con~istcncy of 

the test version of STREAM, led to the completed version of STREAM, compnscd of 

thirty items equally distributed amongst the thret! subscales. The mternai conMstcncy 

of this thirty item instrument was excellent, with Cronbach's alphas of greater than 

0.98 on subscales and overall. The reliability was aiso excellent, both withm and 

between raters, with GCCs of 0.99 for total scores, and from 0.96 to 0.99 for suhscale 

scores. 
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CHAPTER5 

DISCUSSION 

5.0 Introduction 

This study has contributed information on several of the measurement properties of 

STREAM, includmg: content validlty, internaI consistency, inter-rater and intra-rater 

rehablluy. In this chaptcr, the outcomes and implications of the content development 

and validatIOn pha~e, the internaI consistency analysis, and the dueet observation and 

vidcotapcd as~essment5 rchablhty studies, are summanzed and dlscussed. The two 

different methods used for evaluating the reliabihty of STREAM are contrasted, and 

are compared to testmg done on other measures of motor functiOn for stroke. Next, a 

general companson i5. made betwcen the STREAM and related measures of motor 

function. The lilnitatlOns of lhi5 study, and the pot~ntlal limItations of STREAM as a 

c1inical measure of motor recovery are Ident1fied~ HllphcatIons for future research on 

STREAM are pIesented~ and finally, the conclusIOns drawn from thls study are posed. 

S.l Content Development ilnd Validation 

ln the proce5.5. ot refimng the STREAM, close attention was pald to the validity of the 

content and to the utllity of the instrument. Our consensus panels dehberated over the 

selection of item~, and produccd the forty-three Item test version of STREAM. This 

instrument wa~ then pared down to include thiIty items that were, based on an analysis 

of the intel nal con~lstency, ail contributmg IIlforrnation that wa~ rclated to the 

instrument a~ a whole but not redundant. The Items retamed also demonstrated face 

validity and were rehably llcored. Interestmgly, the recommendations From the 

respondent~ of the content venficatlOIl survey closely paralleled those of the consensus 

panels. ThIs convergence of feedback from a large number of therapists (including 

sixt y-four from the wlvey, and twenty From the panels) lends further support to the 

appropnatencss of thf.~ Items induded. 

ln gencral. the change~ which occurrcd in the evolution of STREAM from the original 

Instrument, to t'.e test, and tinally to the compIeted versions Involved primarily 

changll1g th!..' wordmg (lf the ori~mal items to lmprove cl ari ty , addmg ~ome very high 

and very low kvel Items to ellmmate cel1mg and f100r effe.cts so that the STREAM 

could he uscd wlth the spectrum of motor Impairments, and changmg the scoring to 
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improve sensitivity. In addItion, items were moditied so that they wcrc more 

functionally oriented, and a qualitative aspect was added to the seonng scheme. 

5.1.1 Intent and scope of STREAl\1 

In devlsmg the STREAM, a number of fundamenta\ propertlcs were con5ldered. 

including: the specifie use to which It wou\d be put, the domams to be lIlc1udcd. how 

these domains would be evaluated, and the populations for which the mea,>urc should 

be suitable. ln additIOn, our goal was to produce a user friendly instrument, bascd on 

the input of Its potential consumus, that could be realistlcally II1corporated mto routmc 

clinical' practiee. 

The STREAM is intended to be used as an outcome measure for evaluatmg trealment 

effects, and for momtoring motor improvement. STREAM was not dC~Il.!n(·d 10 he 

used in isolatIOn as an assessment tool for dlagnosl~ and treatment planl11!1g, wlllch 

would require conslderably more detailed information. None the les!>. ~c wanlcd to 

achieve an Instrument that would provlde a relattvely comprchcn~lvc profile of a 

patient's ability to move. Two a!tpccts or dOJTI<1ins of movcment arc I!lcorpolalcd. 

That is, voluntary movements of the hmbs arc evaluated to provldc a proltlc 01 glohal 

motOT status, and baSIC moblhty l~ evaluated 10 glve a more fUllctlonal {w.;turc 01 mùtor 

recovery reflecting the II1tegratloll of movement of trunk and limh\. Lllnb movcmenl 

Items mclude movement!l ln ~evcral dIrections at each J01l1t, and moblhty Ilem.., IIH.:ludc 

activltle~ performed 111 lylng, !llttmg standll1g and walkll1g. Becau~c wc wanlcd lhe 

STREAM to reflect a patIent' s prc!lcnt level of moto! lunctlOnmg, aCllIal performance 

of items is scored rather than relyll1g 011 self (or theraplst) report,>. Slll~e the ~Tl{b".M 

is intended to be suitable for u~e al aH lcveb of ~troke rchahllttatloll, .mu for 

individuals wlth movemcnt dy<;tunctlOn ranglng from mtld to M!vcrl', a range of 

movements representmg gradat!on~ of dtfticulty werc tnclude,l.. And fïnally, tht! Icngth 

and complexlty of STREAM havr. been kcpt to a minImum to enhancc It~ c1l1l1cal 

utility, and, therefore, to make the STREAM more attractive ror usc HI the clI11Icai 

setting. 

5.1.2 Item selection 

A number of factors 1I1f1uenced the selectIon of items included In the STRl:,A~1. Our 

mtcntlon wa~ to kc~p the STRI:.AM a~ ~trcamlmcd a<, pos~ible, whtlc ~IIII provldmg 

sufficlcnt detaIl to adcql1<ltely mea'>ùlC the con~truct of motor functJo!l lor the c..peçtrum 

of motor ImVaIrmcnt III ail phac,c<i 01 ~troke rehahllnatlOn. For dl"cflmHlatm~ hctwecn 

patient;, wIth dIttermg leveh of motor impalrment. and for monltonng mUlvldual' c, 
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motor recovery over rime. it was necessary to incluàe movements of graded dtfficulty. 

Thus, the items tncluded provide a relattvely detailed profile of a patient's movement 

ability in terms of hmb movements and bastc mobthty. and range from fatrly 

rudimentary movements that .~an typtcally be performed early m the recovery pfl)CCS~ 

(eg. shrugging shoulders, roHing) to more complcx selecttve movcment~ (cg. 

opposition, stan chmbin~). Smce the tOcus of STREAM IS to measure the rccovery of 

movement, and specifically motor abihty, Items wcre hmlted to Simple movcments and 

activittes in an attempt to minimtze the confoundmg effects that vanables other than 

motor !ecovery, such as cognitIon, perception and commumcatlOIl. have on the 

measurement of motor Sw·US. For thts reason, some of the moblltty Item~ (rollmg and 

moving from supine to sitting) may he performed to either sld~, and only simple one or 

two step commands are used and May be supplemented by demonstratlOn to tacllttatc 

communication. 

The items also had to have acceptable psychometrie properties, that is, they had to have 

face vahdIty (ie. our two consensus panels had to conslder the Items to be imporumt 

and representative for evaluatmg motor recovery), they had to be reltably scorcd, and 

they had to contribute information that was not already being contributed by other items 

(reflected by mter-Item correlations). To ensure that the Items included in the fmal 

version of STREAM would meet these standards, we evaluated the items on the test 

version of STREAM based on the cntena outhned ln Table 3.1. To summanle the 

results of the Item reductlon (prescnted in sectIOn 4.4), a total of thlfteen item~ wcrc 

eliminated because they did not meet our cntl~na. Three upper extremlty Item~ (9(Y' 

shoulder fleXIOn, 90° shoulder abductIon, and combllled wnst/finger exlcn~IOn) werc 

elimmated because they had very hlgh correlations with other simllar movement~ and 

with the total STREAM score. Two )ower extremIty items (half crooklymg, and 

sidelying hlp abduction) were eliminated because nelther were rchably scored, and both 

had questionable clinical relevance--the first due to a weak aSsocIatIon wlth the 

subscale, and the second because hlp abduction IS probably more functional when 

performed in standing than when performed in lying and because hospltahzed elderly 

individuals often demonstrate difficulty wlth thts movement bilaterally, regardles!> of 

diagnosts. Finally, eight moblhty items were dropped, two of WhlCh (matntaming 

sittIng and reaching to touch the floor) were elimlllated on the hasls of having no 

variability and no relationship to the other items on STREAM, and the remaming six 

on the basis of being redundant. Thus, the process of item reductlOn served to identify 
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and remove tho~ items from the test version of STREAM that were not required or 

dcsirable. 

5.1.3 The Scoring of STREAM 

A variety of approache~ havc been employed by the existing published instruments for 

mca~uring the recovery of movement following stroke. For exarnple, sorne instruments 

(A'ihburn, 1982) have ~Imply graded the movement in terms of quantity (eg. 'none / 

part / full' for 11mb activlty; 'unable 1 with assistance / with aid / independent' for 

mobllity), and have not addrc'i'icd thc Issue of quahty of movement at aIl. Others have 

ordered the tc~t Item'i hierarchically with respect to dégree of presumeJ difficulty, 

ba~cd on the assumptlOn that <;troke patiellt~ follow a predlctable or consistent pattern of 

rccovery. Wlth thl'> Guttrnan-Jike sc:heme, the patient is evaluated on progressive]y 

more diftïcult ta~ks untIl unable to perform severa] consecutive items; the more items 

pcrformcd, the better the ovcrall function and the higher the score of the mdtVidual 

(Lincoln and LeadbJtter, 1979). Carr and Shepherd's MAS (Carr and Shepherd, 1985) 

utllizes a seven pomt ordInal scale, wIth each succesStVe ]evel of scoring representing a 

progressi'vely hlghcr Icvel of funetIOn in tenns of the quality of the movement. 

However, scoring of thlc; instrument is relatively cornplicated because the seven ordinal 

Icvcls are diffcrent for each ttem. The Fugl-Meyer (Fugl-Meyer et al, 1975) and 

C'hedoke-MeMa!\ter (Gowland et al, 1991) scales have empluyed the concept of 

synergies to rcflcet the degrce of recovcry and quality of movernent There are several 

problems, however, in usmg the synergl(, approach to classify movements--l) the 

pattern of recovcry of movemcnt may not conform preciseiy to the rigid hierarchy, in 

which case sconng becomes dlfficult, and, 2) the movement patterns evaluated using 

this model often do not reflect everyday functionaj movement patterns that would 

pcrnaps be more meaningful indicators of motor recovery. 

A number of scoring dimensions wcre incorporated in the scoring scheme of the revised 

STREAM, mc1uding scoring \Vith respect to: actIve range or amplitude of voluntary 

movement possible, quality of movernent, and the degree of assistance required (or 

level of mdependence). The amplitude of active rnovement was feIt to be an important 

aspect to measure as it has obvious functional implications, aud provides an objectively 

measurable reflection of changes in motor ability. From our content verification slIl-vey 

and consensus panels it was evident that chnicians wanted quality of movement 

documented. Therapists were particularly concerned with quality of mo\'ement in the 

carly stages of recovery from stroke, with the ernphasis shifting more to function as 
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motor recovery plateaued. Physical independence, specifically for carrying out 

mobility actIvlties, was also felt to be an important mdlcator of motor recovery. and 

thus this dimension was mcorporated mto the sconng of thc mob\hty sub~calc. 

Since the scoring of STREAM was lt1tended to he as simple as possible. we hmited the 

categones for scoring the- amphtude of movement to three range~: no or mmlln.,1 

movement (le. less than lO%of normal movement); complete movemcnt (or al le.1~t 

90% of full mO'/ement); and, any movement between thesc two cxtrcmc!-.. Thc~c 

relatively wide sconng ranges enhance the STREAM' s rehablhty. as c1illlcmns arc !cs~ 

likely to dlsagree among these choices than whe~ more categories arc mvolvcd. They 

are also a plus for the chmcal utlhty of STREAM, for they can be qlllckly and 

aCL'urately estimated by therapists without need for measuni1g cach range hy 

goniorr.eter. In addition. the broad middle range that mc1udf.s any Illovemcnt t11.11 I~ 

not completE., solves the problem of how to deal wlth patient~ who have active 

movement, but whose movements are influenced by tone and, thcretorc. have 

somewhat variable amplitudes. The movements of these mdlvldual~ would gcncrally 

faU in the mid-range. greatly simplifying the measurement JO terms of amplitude. 

Similarly, the quahty of the movement is assessed s'''':J'ly as normal (or near normal) 01 

abnormal. In addition, informatiOn from categories' la' (partial amplitude; abnormal 

pattern), 'lb' (partial amplitude; normal pattern) and 'lc' (full amphtude; ahnormal 

pattern) may provide msight into the cause of the movement dehcit, wlth category 'la' 

potentially reflecting combmatlOns of paresis and tone/abnormal control. catcr,ory 'lb' 

potential1y reflectmg mamly paresls, and category 'Ic' potcntlally retlcctmg 

tone/movement control problems. These potentIaI a~~oclations Will need to be IitudlCd 

further. If STREAM does dlfferentlate between the various background cau~~ of 

movement disorders observed foIlowmg stroke, it will make an important contnbutlon 

to the evaluation and treatment of hemiplegla. 

Finally, although both physical mdependence and safety in performmg functional 

activitles are Important for functional purposes, in sorne cases vanahles such a ... 

cognition and perception may play a greater role than motor recovery in a patient'~ 

funclional abiltty. Therefore, It was decided that on STREAM, if a patIent had the 

motof ability to achieve a given task, they would be given full credIt for thcir 

performance ev en if superviSIOn was required due to cognitive or perceptual deficlt~. 

To test a patient's functional independence, where the contribution~ of motor, cogmtivc 
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and perceptual functioning are considered simultaneously, other more sui table measures 

should be selected. 

Jo summary, the scoring of STREAM was designed to reflect both the gross quality and 

the amplitude of active movement, and, for the mobllity activitles, physlcal 

independence as weIl. More(wer, the scoring was deslgned to be simple, unamblguous, 

and objective so that therapists would be able to carry out the testing accurately and 

ca~ily, wlth no specIal traIning beyond havIng read the sconng Instructions included 10 

the test manual. To achieve these qualIties, we have carefully 5elected and defined (see 

glossary of ~conng terms, Appendlx 8.3) the terms used in the ~coring scheme. 

5,.1.4 The STREAM scOling forrn and test manual 

The completed STREAM IS comprised of thlrty items. equally distributed over the 

three subscales. Equal welght IS glVen to each subscale, and therefore to each Item. 

To facihtate test admimstration, the items are listed on the scoring form in a convenient 

order movmg from items tested in lying, to Sitting, and standing. In addition, for 

quick reference. a table summanzmg the scoring directives is included on the front of 

the STREAM sconng form. Movements are performed on both sides so that the 

theraplst can compare and contrast both the quality and amplitude of movement on the 

unaffected side wlth that of the affected hmb, and 10 thlS way judge whether the 

movement is grf)S5ly normal for a gtven indlvldual, and whether the patient has 

understood the lflstructions. Also. the sta:\dardized verbal instructions to patients, and 

specifie notes for each Item are glven directly on the clinical sconng form. A 

comprehensIve instructIon manual has been developed (Appendlx 8) to further 

standardlze the testmg procedures, and to provide information on the conceptual basis 

and rehabllity of the Instrument. The test manual also includes a subscale sconng form 

(Appendlx 8.3) to faclhtate obtainmg scores fOi the indlvidual sub'icales and for the 

total STREAM. ThiS form has spaces to accumulate item scores under the appropriate 

subscale, ~md guides the user through transfonning subscale scores to he out of 100. 

and denvIng total STREAM scores (out of 100) by summmg the transformed subscale 

scores and dlvidmg by three. 

AIthough tht' STREAM is relatively comprehensive, it i~ also quick and easy to 

administeL requmng only about ten to fifteen minutes of a therapist' s time, and no 

special eqUlpment or traming. These features greatly enhance the STREAM's utility, 

parttcularly for use in the c1inical settmg, where standardized outeome measures are 

infrequently llsed because they are lengthy and/or cumbersome to employ. 
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5.2 Internai Consistency 

The completed STREAM and ItS subscales ail demonstrated excellent internaI 

consistency, wlth Cronbach's alphas above 0.96 (extremlty suhscalcs both 0.1.)71.); 

mobihty 0.965; total STREAM 0.984). AIthough the alpha coeftïclcnb for the t1urty 

item mstrument were, wlth the exception of the alpha for the lower extremlty sllh~calc. 

consistently shghtly lower than the alphas obtamed on the forty-thrcc Item lIlstrumcnl. 

this was not unexpected as alpha 15 mfluenced by the number (,f Items IIlcludcd. 

In additIOn, seven of the forty-three Items on the test versIon had Ilem 10 subscale 

correlations beJow 0.80 (and correspondmgly low correlations wlth the total STRl~AM 

scores), indlcatmg a relatlvely weak aSSOCiation wlth the subscalc to whlch they 

belonged. The five Hems with the lowest item to subscale correlation were ehm1l1aled 

during the process of Item reductlon; the two items that were retamed desptle rclal1vely 

low Item to subscale correlations (le. 0.61 and 0.59) were ba~lc mohIllty 1tcm~-­

specifically, rolhng and bndgmg. These two I!ems were retamed becallse they met ail 

OUT cnteria for Item retentlon; they were measuring umqlle movement~ that the pancl~ 

had consldered Important aspects of motor function, and they were moocrately 

correlated with the other test items and with the total ~cale (0.64 and 0.58) ~o wcre 

related but not redundant. The alpha coefficlents for the moblhty suh~cale mcrea~ed 

only shghtly, from 0.965 to 0.969, when cakulated wlth each of these Item~ rcmoved. 

Thus, the retentlon of rolhng and bndgmg only mlnllnally detracted j rom the overall 

internaI conslsteney, bllt IS r.;!flected 111 the shghtly lowrr alpha obtamed tor the 

mobility subscale. In contrast, the s11ght lIlcrease ln the alpha for the lower extremlty 

subscale, from 0.972 on the test versIOn to 0.979 on the thmy Item STR[:AM, may be 

explained by the fact that the two Items that were ehmlllated from thl~ subscllle had low 

correlations (0.50 and 0.71) wnh the subscale total; becausc they dld not have a strong 

association with the subscale, removal of these Items improved the alpha for the 

subscale. 

The alpha coeffiCIents for STREAM and Its subscales surpas~ the recommendt>i! 0.90 

(Feinstein, 1987) for an in~tmment to he chnically useful for measuring a specifie 

concept, thus supporting the use of STREAM for evaluating the movemenl!'. of stroke 

patients. The subjects 1I1cluded in the InternaI consl~tency ana1ysl~ came trom 10-

patient rehabihtation as weIl as acute and LTC setttngs, and thelr score!=> on STRLAM 

were distributed across the entITe range of poSSible ~ore!'.. Theretorc, th~ re~ult<, of 

this analysis should be representatlve of the performance of STREAM when used with 



• 

• 

• 

84 

the populatIOn for whlch 1t IS mtended. The high degree of intemal consistency 

indicates that the Items mcluded m STREAM are measunng one concept, presumably 

the recovery of m3tor functlon. The STREAM, thus, is mtemallyconslstent.In 

addition, the hlgh level of internaI consistency adds further support to the 

appropriatene~s of the content. 

5.3 Reliability Studies 

The rehablhty of a chmcal scale is essential, as this property is a prerequisite to both 

the vahdlty and responslveness of the instrument. Reliability is important so that an 

instrument can accurately reflect the concept being measured, and 50 that 11 can detect 

small cliOlcal changes. Rehability coeffiCIents of 0.95 or better are recommended as 

the mInImal rt=quirement for a c1inical outcome measure used in decision maktng about 

mdlviduals (Helmstadter, 1964~ Nunally, 1978; Wemer and Stewart, 1984). The 

estimates of rehablhty obtained for STREAM under the conditions Imposed m thj,s 

study exceeded the reqmred level, and support further testing of the measurement 

propertle~. The extent to whlch the results of these ~tudles can be generahzed to 

chntcal practtce IS related to the charactenstlcs of the subjects and raters mvolved, and 

to how c10sely the approach used to evaluate rehabihty apprOXlmates realistlc testing 

condJtlOn~. ln thts sectIOn. the generahzablhty of the findmgs of the two rehabihty 

studies dre dlscussrd m relatIon to the populatIOns 1Ovolved, and sorne of the 10teresting 

findmgs that may Impact on c1imcal practicc or research are hlghhghted. Next, the 

differen('~s 10 the rcsults of the two rehabdity studles are compared to one another. 

Subsequent dISCUSSion compares the testmg done on other related measures, and 

conslders the generalizabllity of the results of the se studles 10 relation to the various 

approaches that are used for evaluatmg rehabthty. 

5.3.1 Dired observation reliabiHty study 

In thlS study, paIrs of raters from a group of six participatmg therapists simultaneously 

and independently used STREAM (ie. one rater observing the other domg the 

assessment) to evaluate the movements of twenty mdlviduals who were undergoing 

active rehablhtatton for stroke. 

The clImcal protïles of the twenty subjects participating in this study (summarized in 

Tabie 4.7) were dIverse, and reflected the dlstnbution and range of comorbid medical 

problems typtcally encountered in the stroke rehabihtation setting. The subjects 

demonstrated a wide range of motor ability, with total scores on STREAM ranging 
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from 23/100 to 100/100, s:, the findmgs of thls study should be generahmblc across 

these scoring ranges for similar Ir.-patlent rehabllitatI(\n populations. Furthcr study IS 

needed, howcver, to determme the rehablhty of STREAM ln other stroke populatIOns 

and clmical settmgs, suen as acute or LTC. 

The clmical baàgrounds of the SIX raters were dIverse: they had graduated frorn three 

different universIttes, worked at three dtfferent faclhtles, and had a range of from two 

to mne years expenence as therapists, and severJI (1.5 to 3.5) year~ of expenenœ 

wor1cing in stroke rehablhtatlon. Very hrnlted trammg was glven on the use of the 

STREÂM; raters attended a short session dunng whlch the mcthod~ to be followed 

dunng the study were explamed and a vldeotaped STRE:.AM assessment was vlewed 

and briefly dlscussed; they were also asked to do practlce evaluatlOno, on two pJtlent~ 

using STREAM. Thus, slmilar levels of rehablhty should be achlevable m chntcal 

practice simply by havmg therapIsts read the test manual and admmlster the STRLAM 

a few times to become famihar with the mstrument. 

For (lur sample of twenty sllbjects, there was consIderable vanablhty ln the score~ on 

a11 the retamed Items" The dI5tnbutlOn':) of scores on mdlvldual Jtcm~ arc shown n 

Appendlx 9.1. Only one score category, 'lb', recelved very few ratmg~ over allltem~; 

that is, patIents who were only able to perform a movement partlally, were al~o \thely 

to use abnormal movement patterns. Other tnteresting but not surpn~mg oh~rvattono, 

were made regardmg the dlstnbutton of agreement for the ratmg\ glven wlthIll catcgory 

'l' (shown in Table 4.9). Speclfically, dlsagreerncnts withm category '!' scorc~ 

occurred between 'la' and 'lb' (quahtatlve) or 'la' and 'le' (quantItative) twice a~ 

frequently as between 'lb' and' le' (qualitatIve and quantItatIve). Also, dl~greemcnt~ 

by two categones occurred only withm the moblhty subscale, and were exclu~lvcly 

between categones IIi and '3'. FIve of the SIX disagrcemcnts bctween the~e two 

cat~gories involved 'le' (complete and tndependent movement, but abnormal pattern), 

reflecting the therapists' relative difficulty in dlfferentlating betwecn normal and 

abnormal movement patterns for sorne movem~nts. The remamtng dl~greement wa~ 

due to a rating of ! 1 b' (panial aSSIstance reqUlred, but normal pattern) glvcn for 

bridging, probably rcflecttng a problem ln decldlOg If panw.l a~slstance wa~ reqUIred 

for stabiltzing this patlent's knees tn mld-hne for thls movemcnt. In these ca')Cs wherc 

the discrepancy was of two categodes, the d!ffercnces betwecn the scores related only 

to one aspect of movement--either the qualtty of the movement, or the quantlty. 

Obviously, these partlcular two category dlscrepancies are iess ~nous than would be 
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the case, for e:<ample, If the difference iq scores reiated to both quantity and quality of 

the movement (eg between 'la' and 'J'or '0' and '2'), and fortunately, this never 

occurred. 

Only one of the Items retalned on the compJeted STREAM demonstrated Jess than 

excellent rehablhty; kappa was only 0"65 for the item measunng Slt to stand. ThIs item 

was kept because the consensus panels had deemed It to be crucial as an important 

mlle~tone of motor fUl1ctiomng, and because it performed weB m terms of internaI 

con<;istency, correlatlng at 0.83 with the subscale score and 0.77 with the total score. 

The dlsagrecments between raters ratmgs on thlS Item (on both rehabIhty studic'i) were 

almost exc1uslvely between categories' le' and '2' or '3'. Thilt IS, the Taters had 

dtfticulty dlfferentlatmg between 'lormal and abnormal movement patterns on this item. 

The instruction for thls Item was to "stand up: try to take equal weight on both legs"; 

the intentlOn of the eue was to encourage equal weightbeanng thus ehcitmg the 

patlent's best performance. lt IS however dlftïcult for the raters to dlscern the actual 

dlstnbution ot welght dunng the movement. Thr. reJiabIhty of thIS item may be 

improved by addmg a note to raters explammg the intent of the eue to patients, and 

askmg them to grade the movement by observmg the symmetry in both the vertIcal and 

honzontal planes. For example, "Note: a~ymmetry such as trunk lean, trendelenburg, 

hlp retr:JctlOn, or excessive flexIon or eytension of the affected knee = marked 

devlatlon (~core la or le)". 

Of the 1,200 ratmgl> glven 111 the direct observation rehabihty study (20 subJects x 2 

raters x 30 Items), forty-seven ratings of 'X' were glven. One patient was unable to 

perform eleven Items (two lower extremity, and mne mobility Items) due to pain on 

welghtbeanng, and dlzzmess In standmg; for each of the remaming SIX subJects wlth 

missing data, only a few Items (four or less) could not be perfonned hence were glven 

ratÏllgs of 'X'. Rehablhty was not adversely mfluenced by the missing data; excJuding 

these mdlvlduals would not have further Improved rehabihty. The effect of the missing 

data on the vahdlty and mterpretation of subscale and total STREAM scores, however, 

is stIll to be determtned. A max~mum needs to be set, through studICS of validIty and 

responslveness, for the number of missmg item scores allowed for subscale and total 

STREAM scores to stIll be rneaningful. 

Of the three subscales, the upper extremity subscale was the most reliably scored, 

followed by the lower extremity and basIc moblllty subscales (GCCs were 0.994, 

0.993, 0.982). The fmdmg of shghtly greatcr rehability for the upper extremity 
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subscal~, may be due to a greater heterogenelty m pattents' upper extremlty scores, as 

upper extremity recO\ ery tends to be sJower and less complete than that for the lowcr 

extremlty. Another poSSIble contnhutor to thls shghtly hlv,her rehah!1 ity may hl' that 

severa! of the patients had tlaccld upper extrelTIlttes, and clearly were not ahle to 

perform the test movement at ail (50 recelVcd a score of '0') therehy reducmg the 

possibihty of rater d:sagreement on sconng. 

Over the course of thlS study, It was noted that several subJects dld not conform to the 

expected pattern of greater Improvement 111 the leg and moblhty than 111 arm tunctlOn. 

lnterestingly, patients who were stIll 111 hospltal many months followmg thelr ~trokc. 

and who were primanly wheelchalr dependcnt, tended to demonstratc considerable 

recovery in afm function relative to the leg and moblhty sllh~cale ~corc~. A rceent 

study (Duncan et al 1994), involvmg a populatIon slmllar to the ~uhJects 111 the 

STREAM study, cOI"1THued the rates of recovery from motor Impatrment~ for the Uppel 

and lower extremItles (as measured by the Fugl-Meyer hmb subscalcs). In IlIle wIth 

the findings of tre STREAM study, thelr fll1dmgs show that one group ot ~trokc 

patients, those with moderately severe InItiai motor Impauments, tendcd to recover to a 

greater extent 111 the upper extremlty than 111 the lower extremlty. The rclati<mshlp~ 

between the recovery from motor impalTments and recovery of functlon 1i1 the IImb and 

mobihty domall1s, the seventy ot the mltIal Impamnents, and the duratlon ot tlme !)incc 

stroke, warrants further lIlvestlgatlOn. 

Another 1I1terestmg but unexpected findlOg made during the study was that. whcrc the 

observing raters' scores differed from the scores glven by the rater dOlOg the actual 

hands on assessment, they generally did so by glvmg a hlgher score. Altllough thl~ 

difference in scores was not slgmfïcant, Il was conSIstent, and I~ apparent trom the 

plots of scores for thls study, shown in FIgure 4.4. There iS no obvlOu~ explanatlon for 

this incidental observatIon of higher scores glven by the observer~. Jn chl11cal practice, 

however, this will not be an Issue, as theraplsts will do the actual hands on a~~\s!)mg 

when sconng STREAM. 

And finally, another interest1l1g and promlsmg findmg 111 thi!) study was that the GCC~ 

were identical for the raters fixed anr. raters as random facets models, indicating that 

the raters contributed httle variability to the sconng of STREAM. Thl~ mean~ that, 

theoreticaliy, rehable STREAM scores should be attamable by the general populatIon 

of physical therapists, and not just by the selectIon of raters in thi~ study. 
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5.3.2 Videotaped assessments reliability study 

In thl~ study, twenty therapl<;ts vlewed and rated four vldeotaped STREAM assessrnents 

on two occa~lOn~, and estlmate~ \'Vere obtatned for mtra-rater as weIl as inter-rater 

reIJabihty (on cach of the two occasIons). The cltmeal profiles of the four vldeotaped 

suhject~ partletpa!mg ln thl5 study were relatively diverse. and reflected the dlstnbution 

and range of comorbld medlcal problem5 tyPleally eneountered In the stroke 

rehabllttatlOn settmg. These subJeets demonstrated a wlde range of motor ablhty, with 

scores on STREAM rangmg from 21170 to 65170, thus, the fmdIngs should be 

generalizable across these sconng ranges. The twenty therapists involved 10 rating the 

tapes hac! graduated from SIX untversitles, were workmg In twelve dlfferent faclhtles, 

and had a wlde range of general ( 1 to 33 y~ars) and stroke specifie (0.5 to Il years) 

c1Inlcal expeneacc. The dlverslty of the clinlcal backgrounds of the particlpatmg 

therapl,>t~ supports the generahzablhty of the results of our study across the spcctrum of 

training and cxpenence. In aodttIon. the raters received very httle training in the use 

of the STREAM pnor to the videotape viewIngs. Two weeks prior to the stud~ they 

were gtven a copy of the STREAM and scoring IfistmctlOns, and were asked to do two 

practlce evaluatlons of pattents usmg STREAM. Desplte thlS very hmIted training, 

excellent reltabIllty wa~ achteved. suggestmg that similar levels of reltabihty sh('tjld be 

achievablc tn the clImcal settmg wlth no formal trammg save for readIng the test 

manual. The limitations of the results of thi~ study dlle to the use of videotaped 

assessments are presented below in the ~ect10ns companng the vanous approachcs for 

testing rehanlllty. The remamder of this sectIon dlscusses sorne of the mteresting 

findmgs of thl!> study. 

The dlstnbutlOn of agreement on tl1ls study was simtlar to that of the direct observatiOn 

reliablhty study. That is. the disagreements of two categones again occurred almost 

exclusively wlthin the moblhty subscale, and were primarily between categories 'l' 

(mamly '1 c') and '3'. In contrast to the previous study exammmg inter-rater 

agreement, where one theraplst's Idea of normal may differ from another therapist's 

detïnition of normal, In thlS study the same therapist gave these different fatings on two 

occasions, illustrattt1g that agreement on what is normal or abnormal movement was 

occaslOnaHy a problem not only between theraplsts, but a1so for individuals on different 

occasions. 

We ranked each of the tape~ based on their levels of perfect agreement (see Table 

4.15). Not surprisingly, slightly lower levels of overall agreement were observed for 
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tapes C and D, two subJccts that were moderatcly mtluenced by t3ne and that had 

perceptual problems. This tïndlilg. sugge<;ts thm tone alld perccptual probkm'i ma\' 

make the 5conng of mO\'ement shghtly more ddtlcult. Our hl)!,hc~t tunctlon\l\~ 

individual was most rehanly scored on STREAM. a~ tlllS IIldlvldual could cJeatly 

perform the ma10nty of the movernents well. ~o dec1d1l1g on the ~)corc 10 gl\'~ \Va ... nol a 

problem for ~heraplsts. The ranb of agreement on each of the tape~ (iItfcn~d !'>lIghlly 

for the upper extremlty sub~calc. Thal IS. the patIent who had th(' 'l1ghe~t rank for 

level of perfeet agreement had a tlaccld arm, thus was gencrally more ca"'lly scorcd for 

the upper extremIty, as It \Vas clear that catcgorJ '0' apphed. 

Within category 'l', dIsagreements between caîcgom'~ 1 la' and' j h' (qu'lhtatlve) and 

categones 'la' and 'le' (quantItatIve) occurred more frequently than hetwccn 'lb' and 

'le' (quahtal1ve and quantitatIve) for the hmb movement~. ln contr,l ... t wllh tht' (hrcci 

observation r ludy. for monlhty acttvltles there wa~ an equal dl~tnhllt\(lIl of 

dhagreements. That 1S. on average ovcr the four tapes, raters wcrc cqu.tlly Itkcly tu 

disagree ln terms of the movement quahty. ,!uantlty. or both at once Thl'" rc,>ult may 

be in part due to the use of vldeotapes, from wllIch It may be harder 10 oh,>crvc 

movement~ both lT1 term~ of quahty and quantlty. The suhJcct ~clcctlOn may abo have 

had an mtlucnce on the dlstnbutlOn ot dl~1.grc("mcnts obscrvcd wlthlll catcgory 'l'. 

The dlscrepant ratlng~ were gencrally l~o!ated to a few ~pcclf\C Item.... '1 hc 

disagreements betwecn 'lb' and' lc' occurrcd almost CXclll~lvcly on the tape Â upper 

extremity subscalc (of the seven dl~crepant ratmgs. two were lor ,)uplllallon/prnnatlOIl, 

and thrce ""cre for dosmg th~ hand), and on the tapc~ Band (' lowcr extlclTlIty 

subscales (of rune dlscrepant ratmg~, ail were given on the leg movcmcnt'l pcrhlflTlcd lJ1 

sitting). Elther thcse partlcular Items were not c1early ~hown on the'le vldeotapc~, or 

the patient~ performances of these Items wcr~ borderhne IT1 term~ ot whlch ~COie they 

shQuld bl;! given, and may have becn a~ dlftîcult to rate conslstcntly whlle dlfCC!ly 

observing the patIents performance 111 the chmcal ~e!tll1g. 

lt is ObvIOusly more dlffIcult to view clearly smaller movements on Vldcotapc, !)uch ae, 

movement5 of the hand, than to vlew the largcr range rnovement~ of the cxtrcmltlCc, and 

baSIC mobihty subscales. Therefore, becau'lc of the greater number of movcmenb 

mc1uded In the upper extremlty subscalc that are potentlally dlffïcult to Vlew) the 

findmg of shghtly lower rehablhty for thls subscale on the vldcotapc study 1<, not 

surprising . 
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Intere'itmgly, there was a tendency for raters to score the vldeotaped subJects hlgher on 

the se~ond rat m g:.; , and m fact for two of the tapes thls dlfference was slgmficant 

(slgned ranh; p< .(5). It IS po5slhll.' that thl5 trenù \V~c; an artltact of the theraplst's 

'Iearntng curve', and that, !lad a thlrd VII.'\\'mg sessIon been earned 0ut and compared 

wlth the sCOflng of the c;econd seSSIon, thls trend would no longer he evident. il would 

he of JI1terest to examJl1e what effeet furthcr tralI1J11g wOllld have aehlcved on the 

vanabJllty of the sconng. 

5.3.3 Compari~on between the two reliabi!ity studies 

The use ot two dlfterfnt methods tn evalllate rehabthty (direct observation and 

videotapc vlewtng) generatcd a consIderable amount of Informatton. It also provides an 

opportunlty to contrast these two approaches and examine some of the dlfferences 

bctwecn thcsc two mcthods for testtng rellablhty. The two studtes dlffered In general 

deslgn, ln that the ùlrect ob)crvatlOn study was almed at esttmatmg the agreement 

wlthtn raters, wh~le the vldeotaped study was almed at estlmatll1g the agreement 

betwecn ratcrs (although the agreement wlthll1 raters was al;:;o evaluated for each of the 

two ocraslOm). l'hu),.1 companson of the~e two studles IS a bit Itke .::ompanng apples 

to oranw~s. None the les~, a number of mterestmg dlfferences between these two 

approachcs ta measunng rehablltty were eVldenl. The dlstnbuttons of agreement, 

slgncd rank stausttcs, and GCC~ for sub~cale~ and total scores for each of the two 

studle., are ~U\llmanled slde by side for compamon tn Table 5.1. 

ln general. the resulr., ot the two rehabthty studle~ were comparable, wlth both studles 

mdtcatll1g excelicnt ovt:rall ag.rccment on the sconng of STREAM. The most notable 

Cllttcrence betW'~en the two ~tudles wa~ the ~hghtly lower generalizablhty coeffiCient for 

the upper cxtrcmIty subscalc 111 tlli.' vldeotapcd assessments study, w~lIch hkely can be 

explatned at lea"t In part by the dlffcrent method~ used. AIso, not surpnsmgly m 1tght 

of the more controlled testlllf, conditions, overall Inter-ratt~r agreement on the 

videotaped asse~sments rehabJltty study was shghtly !l1gher than on the direct 

observatIon ~tudy. The find\1lg of s1tghtly htgher Intra-rater than IIlter-rater agreement 

IS also .as would bt: c:-;pected, as typtcally agreement wlthm raters 15 better than that 

bctween rater~. The C'ompanson of the se IWO .)tudles would 1I1dlcate that. although the 

re5ults ot the two rehabtllty stud', s were comparable, the study methods do mtluence 

the resuIts, and therefore mus! be consldered when Judgmg the rehablhty of indlvidual 

test Items, subscales, and of an mstrumcnt as a whole . 
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TABLE 5.1 

Comparison of the ResuUs of the Two Reliabilit) Studies 

DIRECT VIQEOTAPED MiSl~SSl\lEl'ffii _________ 
OBSERVATION Tltpt': A B 

SURSCALF:S 

Pl'f'f'ecf Agrem1l'nt 
1 )pper Fxtrt"mlt) RR l'i; 

l ,O\\t'r Extrt"rmty QI le;;. 
Ra<;1C MnhlhT) RR 71); 

SiJ!nèd Rank..,a 
llppt'r F,xtrt'mlt}' NS NS NS 
I,owt'r ExtTt'mlty NS NS NS 
Ra"'ll' Mnhlhl) NS NS NS 

GCC., 
')pper EJ{tTt'mll) QQ4 

1 ,1lWt'f ElC;trt'mll)' ,Qc)l 

Ra"'I(' Mnhlht) ,QR2 

TOT AL SCORES 
Pt'rf'l''('f Agrft'ml'nt RQ 4C4 

Signl'd Rank ... NS NS NS 

GCC., ,(1)5 

Il: 'NS' Imht'att' .. good agreement (le,non-"'1gmhcant Mgnt'{1 rank, p> 0';) 
'S' mÙ1cate .. poor arreement (w "Igmh,:ant ... gned rdn\.. .. , p< O'l) 

h: the -.amt' value wa .. Ilhtamt'tl for mtt'r- and mtra-rater agrt"t'mt'nt 

(' D CUOlhitll'd 

RI' 4(,; 
Kh ,l,; 

Kh 4"; 

1\ S 
s S 
S S 

9/11 

1)119 

()I)I) 

R'l7'/; 

S s 
(1)1)h 

5.3.4 Overview of reliability studi~ done on mt'.asur~ of lTlotor l'l'Covery 

Table 5,2 provides a comprehensIve !lumrr:ary of the type., of rchabllity ~tudle~ that 

have been pubhshed to date on the ava!lahlc ')troke motor as~cssment~, More dctalb 

are given in the hteraturc reVle\\', ln section 2.2.3, for the reltablllty <;tudlc" carncd out 

on the Fugl-Meyer Assessment, the Motor As~essment Scale (MAS), and the Chedokc­

McMaster Stroke A5Se~'iment (('-MeSA). The STREAM, although puhlJ~hed only ln 

abstract form a!l yet, IS mc1uded ln the table to faclhtatc a compamon of the 

extemiveness, the quahty, and the results of the STREAM rcltahJllty '1tUdlC~, wlth 

studlcs done for related measurcs. As can bc seen, the <;tudle., vaned con<'lderably ln 

tenns of: the types of rehabthty (1I1ter-rater, mtra-rater, tc~t-rete.,t, alld/or InternaI 

conslstency) evaluated, the general approach used (dIrect ob'iervatto/l or vldeotape'), 

the numbers of patients and raters lnvolved, the types of patlCnt!l as~c~~d 
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(rehablhtauon or chromc), and the type(S) of anaiysis conducted. Withm the direct 

observation type studies, there were also differences in how the patIents were rated, 

such as whether each of the raters performed the assessment~ on separate occasions 

(wlth a range of mtervals between ratmgs), or both raters were present for the same 

performance, wlth one (or both) rater(s) observing the assessment. 

ln bnef, only two of the measures (incJudmg STREAM) were evaluated for mternal 

conslsteney as weIl as for rater agreement, but most of the published instruments have 

been evaluated ln terms of both mter- and Intra-rater agreement. Only two instruments 

(the Fugl-Meyer and MAS) have been evaluated twIce (usmg dlffcrent populatior.s, 

methods and analyses) for mter-rater agreement. 

The maJonty of published studies (ten of the eleven reported here) used direct 

observation ln the cIJmcal settmg to assess rel1abBny, four studies used videotaped 

assessments m addltlon to dIrect observation (for determming intra-rater agreement in 

two studles, and for inter-rater agreement m the remaining two), and one study used 

only vldeotaped assessments (and determmed intra-rater agreement only). Videotaped 

assessments were used to ensure the stabllity of the performance bemg rated over tlme 

(for evaluatlng intra-rater rehabihty), and/or to minimize burden to patIents for 

repeated testmg. It was also generally recogmzed that these vldeotaped reliabllity 

studles were prelimmary 10 nature, and represented rehablhty under conditions that 

were less vaTtable ihat In typicaJ clInIcal practice. Of the eight dIrect observation type 

studles for evaluatmg mter-rater reliablhty, four mvolved raters evaluating subjects on 

separate occasIons (wlth mtervals ranging from three hours to fourteen days between 

occasions), and four mvoh'ed raters assessmg in pairs. with one (or both) rater(s) 

observing the assessment. In two of the four 'observer' studles, one rater observed the 

evaluatlon bemg done by the other rater, whlle In the remammg two studies both raters 

observed whlle another theraplst performed the evaIuation. In light of the findings of 

the STREAM dIrect observatlon reliabllity study. where observing rateTs tended to give 

hlgher scores than the rater performmg the assessment, and because it is unusual in the 

ehnieal setting for therapists not to be doing their own hands-on evaIuation while rating 

a patIent, thls way of testmg may have questionable relevance. Having the therapists 

perform separate evajuations may more dlrectly refleet how these assessments are 

generally used In t}>e chl1lca) setting, with different raters carrying out evaluations at 

dlfferent urnes, a ,Id multIple possible sources of variability. There are, however, 

several importar,t reasons for having one rater observe while the other therapist 
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performs the assessment, including: convenience, to mimmlze the burden to patient~. 

and to ensure that an Identical performance 15 bemg rated ~y both raters. By 

elimmating the possiblhty of vanablhty of the patIent's performance from the equallon. 

a reiatively 'pure' estimate is obtamed for the agreement ~tween raters on the sconng 

of the instrument. 1 Pros' and 'cons' eXlst for each of the above methods. and. 

unfortunately, sorne degree of compromise IS usually necessary. Future studles could 

feasibly do two studIes--one \VIth raters carrymg out assessments mdependently on 

separate occasions. and another with raters simultaneously ratmg the same 

performance. Not only would thiS provide additlOnal eVldence for rehablltty, It would 

also allow for a companson to be made between these two methods. as was donc ln thls 

study for the dIrect observatIon and videot.aped approaches. 

Only three studles looked at mtra-rater rehablhty 10 the chmcal settmg usmg direct 

observatIOn rather than videotape'i. However , two of these studles (Duncan et al. 

1983, and Lincoln and Leadbmer, 1979) mc1uded chromc stroke patients only. looked 

at intra-rater agreement for only one rater, and used Pearson' s correlatlon~ (reflectmg 

only a hnear relationshlp) for the analysls rather than the more mformatIve (CC 

(ret1ecting actual concordance of scores). The other dIrect observation mtra-rater study 

(Cornveau et al, 1992) involved rehabihtatlon patients. In an attempt to obtatn 

estimates more generahzable to the rehablhtatlOn settIng. In thls study. mneteen 

therapists carried out assessments on three occasions wlthm a two week mterval. 

RehabilItation patients may be expected to Improve dunng thI~ mterval, and thereforc 

scores would potenttally change over the course of the study. lt IS also possihle that 

therapists would remember the scores given on the previou~ occasIOn. Although 

estimates of mtra-rater rehability In the rehablhtatlon settmg are reqUired tor 

instruments used in this settmg, obtammg these estlInatefJ by the duect observation 

rnethod requires several compromIses that may blas the results, and so the vldeotaped 

assessments method, although artificial, may he a reasonable alternative. 
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TABLE 5.2 

Summa~' of Reliability Studies Done for Stroke Motor Assessments 

Study 

STREAM 
This study 

Methods 

Inter-rater, and internai consistency 
Direct observation (1 rater observing) 

Intra-rater 
Videotapes (2 occasions; 1 month interval) 

Inter-rater 

Subjects 

20 rehab patients 

4 rehab patients 

C-McSA 
Gowland, 

1993 
Direct observation (1 rater observing) 32 rehab patients 
"':n first week of admission to rehab (videotaped) 

Intra-rater 
Videotapes (2 occasions; > 2 week interva]) 
*impairment inventory only 

Test-retest 
Direct observation (1 rater observing) 
(2 occasions; > 5 day interval) 
*disability inventory only 

Note: First author' s name glven only. 

32 rehab patients 

32 rehab patIents 

Raters ResuIts 

2 (of 6) GCC=.99 

20 

(u/e .99; lie .99; mobility .98) 
Chronbach' s alpha = .98 

(u/e .98; Ile .98 mobility .97) 

GCC'=.99 
(u/e .96; Ile .99; mobility .99) 

2 (of 6) ICC=.99 

3 ICC=.98 

2 (of 6) ICC=.98 
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TABLE 5.2 (co nt) 

Summary of Reliability Studies Done for Stroke Motor Assessments 

Study Methods Subjects Raters 

Fugl-Meyer Inter-rater 
Sanford. Direct obselvation 12 rehab patients 3 

1993 (assessed separately; same or next day) 

Duncan, Inter-rater 
1983 Direct observation (assessed separately; same day) 8 patients on u/e; 3 (of 4) 

"'evaluating extremity subscales only 10 patients on Ile subscale 

Intra-rater 
Direct observation (3 occasions; 3 week intervals) 19 chronic CV A 

MAS 
Poole, 1988 

Loewen. 
1988 

Inter-rater 
Direct observation (raters both observing) 

Intra-rater 
Videotapes (2 occasions: 1 mon th intervaI) 
Xexc1uded tone 

Carr. 1985 Test-retest 
Direct observation (2 occasions; 1 mos interval) 

Inter-rater 
Videotapes 
"'agreement with criterion score 

1 ~ote: FU'-st author's namt' gnt'n onl). 

( > 1 year post CV A) 

24 rehab patients 

7 rehab patients 

14 rehab patients 

5 rehab patients 
(5 mos-34 yr post CV A) 

1 (of 1) 

2 

14 

l{of 1) 

20 

e. 

Results 

ICC=.96 
(u/e .97; Ile .99) 

Pearson' s r = 
u/e .99; lIe.89 

.99 for total score 
(.86-.99; subscales) 

Spearman's r5=.99 

Kappa 80% > .75 
rs= .83-1.00 

Pearson' 5 r=. 98 

Pearson' s r=. 95 
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TABLE 5.2 (cont) 

Summary of Reliability Studies Done for Stroke .Motor Assessments 

Study 

Bobath 
Corriveau, 

1992 

l\fethods Subjects 

Intra-rater 
Direct observation 19 rehab patients 
(3 occasions; > 48hr interval; within 14 ddyS) 

Inter-rater 
Direct observation 18 rehab patients 
(assessed sepcrately; > 48hr interval; withm 14 days) 

Inter-rater 

Raters Results 

l(of 19) IC'C=u/e .79; Ile .77 

3(of 3) ICC=u/e .97; Ile .95 

Rivennead 
Lincoln, 

1979 
Videotapes 7 chronic CV A 7 ANOV A (sig for u/e) 
*original version UE section revised in response to findings of this study 

Intra-rater 
Direct observation (2 occasions: 1 month interval) 10 chrunic CV A 

LaVigne 
Brosseau, 

1992 

Inter-rater, and internaI consistency 
Direct observation (sarne day; > 3hr interval) 

Physical Assessment for Stroke 
Ashbum, Inter-rater 

1982 Direct observation (paired observers) 

1 Not/': F lrst author' s name given only _ 

36 acute CVA 

15 rehab patients 

1 (of 1) 

2 (of 4) 

Pearson's r=.66-.93 

Iee =.77 u/e; 

.65 Ile; hand .87 
Chronbach' s alpha: 

u/e .91; hand .94; Ile .86 

2 (of?) No statisti~al analysis; 
disagreements on items noted. 
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5.4 General Comparison of STREAM with Otber Mt"8sures of l\1otor Recovef)' 

The following section provides a general summary of how the known and expected 

characteristics of STREAM 'measure up' to related IOstmments, An overview of the 

characteristics of the pubhshed 1I1struments for evaluatmg motor functlon after strokc 

was given 10 Table 2.1. In this table, the content doma1l1s, eonceptllal framework. 

scoring, admlllistration time, and extent of evalllation of the psychometrie propertles of 

each measure were noted. Below, each of these characteristIcs are brietly ~ummarized 

for STREAM, and compared with those of the otl"ter Instruments. 

5.4.1 Content domains 

Two content domams a.re included JO the STREAM: voluntary movement~ of the 

limbs, and basic mobllity. Most of the instruments related 10 STREAM measurc 

similar aspects of movement, although several 1I1struments include addltlOnal domaills. 

such as: sensation, pain, range of passive movement, and/or tOile. Whllc thcsc 

additional domains are nece~sa.ry for treatment planOlng purposes, the y do not 

specifical1y reflect motor recovery and, therefore, should not be included in an outcome 

measure for this trait . 

5.4.2 ConCtptual framework 

Several of the stroke motor assessments were based on the synergie patterns of motor 

recovery described by Brunnstrom (1970). Similarly, one measure (Guarrna et al, 

1988) is based on Bobath' ~ phases of recovery. In contrast, the MAS has taken a 

purely functional approach, and conform~ to motor control pnnclple~. The conceptual 

frameworks of the remalOmg Instruments were not specifled, although the y appear to 

faH somewhere between the synergie and the functlOnal approache~. STREAM ah.o 

employs an eclectlc eonceptual basis. That IS, although the synergle~ are not 

specifieally addressed ln the STREAM's approaeh to measunng movement, they are 

reflected by the movements inc1uded 10 STREAM 10 as much a~ movements range from 

very basic (typieally in synergie pattern--eg. hlp and knee flexion) to gradually more 

difficult (and out of syne,·gy--eg. knee flexion with hip extended). The STRl::.AM 

movements are also a11 closely related to functional movement~. For examplc, flexing 

the knee in sittmg is required 10 preparation for standing, hlp fle"jon In sitttng is 

reqUlred for donnmg shoes and socks and plac10g the foot on a foot pedal if In a 

wheelchair, and reaching to touch the top of the head is required for groomlOg . 

Although functionally oriented, the movem{'nt~ evaluated on STREAM are intentlonally 

limited to simple movements rather than tasks 1Ovolving the manipulation of props (eg. 
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shoes, halr brushe~, etc). There were two reasons for confining the movements to 

those that did not reqUlre equipment: 1) to minimize the potenttal confoundmg 

influence of perceptual and cognitive functlomng on the movement, and 2) to enhance 

the portablhty and utihty of STR:"AM. Hopefully, the approach to measuring 

movement employed by the STREAM WIll satIsfy the proponents of the synergies, as 

weIl as theraplsts leaning towards a more functlonal approach. 

5.4.3 Scoring 
The related 5troke motor assessments all use ordmal scal~s for the scoring of individual 

test iterh~. The scales used r~ge from two to seven pOlnts, and thus vary in terms of 

complexity and preclseness. SectIon 5. ~.2 of this discussion outlined several Issues 

related to the scoring dimensions (such as quantity, quality, or mdependeuce of 

movement) mcorporated mto the related instruments, and how these schemes mfluenced 

the scoring scheme developed for STREAM. ln bnef, several problem5 eXIst in the 

scoring of the other Instruments: ail of the dimensions of movement of interest to 

therapi!lts (le. quantlty, quahty, and independence of movement) are not adequately 

reflected; dlchotomous scahng does not pre vide adequate sensitlvity, while seven-point 

scates (partlcularly where descnptions for each level on each item are dlfferent) are 

exces~i1vely comple\; and/or scoring categories are not objectively defined. The 

sconng of STREAM l~ mtended to resolve these problems. Amplitude, gros~ quahty, 

and mdependence ln moblhty are incorporated. SImple three point (Iimb movements) 

and four pomt (mobihty) ordmal scahng is used, with consistent and objective 

descriptIOns apphed across ail items. The findings of thls study, includmg the 

exceptlOnal reliabiitty and minimal administration time, would indicate that the 

STREAM sconng scheme has adequately resolved most of t.he problems Identlfied in 

the scoring of the other mstruments, whlle still mamtaimng slmplicity and objectivity. 

5.4.4 Adm.inistration time 

A common characten~tIc of aH of the stroke motor assessments is that they are intended 

to be admll1\stered by therapists, and require the therapists to observe and score the 

patient's actual physical performance rather than relying on self-report. The 

STREAM. however, IS admmistered m about half the time required by the other 

measures (ie. m approximately fifteer. minutes). Only one other instrument, the MAS, 

i5 carried out in a similar amount of time, and thlS instrument conslsts of only nine 

items. Although the STREAM IS comprised of thirty items, the SImple scoring process 

and the way in which the instrument is organized (ie. the flow of items from supine to 
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standing and from Iow to high level in terms of motor ability. the standardi/cd 

instructions, and the fact that no special equipmcnt IS rcquircd) combtnc to t~lcilitatc 

rapid assessment. This quality of STREAM will certainly be much apprcciated by 

c1inicians. 

5.4.5 Reliability 

Tt.e rehability. and the quality and extent of the tests for this propcrty. for STREAM 

and related clinical measures of stroke motor function, were summaT17ed 10 Table 5.2, 

and discussed in sectIon 5.2.4. To date, the inter- and intra-rater rehablhty, a<, weil as 

internaI consistency of STREAM have been evaluated. Two studlc'i were carncd ouI. a 

direct observation and a videotaped a~SCS'lments rcliabihty study. UStng sound scientlfic 

methods, and appropriate statistical analysis. These studies have provided a 

considerable volume of information on the reliability (lf STREAM, and. although 

relatively preliminary, the excellent results shown 10 the se two sludies are cxtreillcly 

promlsmg. 

SUlprisingly, only one of the other measures (the laVigne Motor Assessmcnt) was 

evaluated in terms of internaI consistency. This charactenstic is a desirablc quality for 

an instrument that is comprised of a nurnber of items and intcnded to measure a 

particular concept. Moreover, this aspect of rcliability can convenicntly be ohtmm'd 

using the same data used to obtain estlmates of rater agreement, providcd that the 

subject's scores span the range of the instrument. And, the information obtalllcd 

through internai consistency analysis can he used to support the appropnatencss of the 

content. The exceptionally high Ievel of internaI conslslency of STREA M !s not likely 

to be outshone by other measures. It is expected that a study of the {'omponents of 

STREAM will further substantiate the appropriatcness of the content, although this 

remains to be confirmed. 

Several factors probably contributed to the very high estimates of reliability obtained 

for STREAM. The potential effects of the somewhat controllcd conditions have 

already been e1ucidated. However, several characteristics of the STREAM, most 

notably the simple scoring scheme and standardized testtng instructions, arr hkcly to 

enhance its reliability, regardless of the testing condItions. In additIon, the fact that the 

reliability on STREAM was very good across the fu]] sconng range, a<, ~hown by the 

plots of paired ratings (Figure 4.4 for inter-rater agreement, Figure 4.5 for ifltra- and 

inter-rater agreement), is a further positive attribute of STREAM. This lS an important 

quality for instruments intended to he used for evaluating patient~ with a wide range of 
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motor capabilities, and it is not clear from the literature whether the other stroke motor 

assessments demonstrated rehability across the scoring range. 

5.4.6 VaJidity 

Only two other instruments, the Fugl-Meyer and Chedoke assessments, have been 

evaluated 10 terms of content, and these only in smgle relatively preliminary studies. 

Furthermore, the methods used in the development and refinement of the other 

measure~ of stroke motor funchon are only vaguely described in the literature (if 

described at ail), and unhkely to have matched the structured prov' '...-S, mcludmg the 

consensus panels and item reduction phases, th:=tt contributed to the refinement of 

STREAM. In hght of the information available to date, the STREAM may weIl 

surpass other measures in terms of support for content validity. 

Few of the pubhshed instruments have been evaluated to any extent in terms of 

criterion validlty. The Fugl-Meyer is generally accepted as the standard to which other 

measures are compared, as lt has the largest body of eviden.:e supporting its validity. 

The Chedoke scale IS also gaming acceptance as a vahd measure of motof impainnent 

and disabllity for stroke. The extent to which STREAM compares to these related 

measures, both in terms of CUITent and predictive measurement, remains to be 

evaluated. However, because the structure of STREAM IS slmilar to the 'silver 

standards' available (le. the FugI-Meyer, and Chedoke assessments), if the se 

instruments are used as criterion measures in evaluating the reliabihty or STREAM, a 

relatively strong relationship is expected. Hopefully evidence related to this aspect of 

STREAM's validlty will be available in the near future, and wm be further supported 

by the relanonship of STREAM scores with laboratory measures of motor function, or 

global functlOnal measures (le. construct validity). 

Construct vahdlty relates to the extent to which the recovery of movement is being 

measured by the instrument. The Fugl-Meyer ~e is the only instrument for which 

this psychometrie property has been extensively studied, although a few early studies of 

construct validity have been pubhshed on other measurc~. Evaluations of the 

relationships between STREAM scores and other assumed indicators of motor recovery 

need to be earned out to provide additional evidence about the STREAM' s ability tO 

refleet the concept of motor recovery following stroke . 
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5.4.7 Responsiveness 

To date, no in~trument has adequately met the needs of therapists at aIl of the levcls of 

stroke rehabilitatlon--which may explam the continued quest and ldentified need for a 

measure that will be acceptable for use across the full range of moWr lmpmrments 

ensuing stroke. Re~ponsiveness to clInical change \Il motor fUllctlO1l I~ IInpcr.ltlvc fOl 

an instrument intendcd to be llscd as an outcome mcasure for motor rccovcry 111 strokc. 

Only the Fugl-Meyer and Chedokc assessments have bccn evaluatcd for responSlvcne~s, 

and only to a limited cxtent: cciling effects have bccl1 ldenttticd as a problcm common 

to both measures, and thelr sensitiviLy to changes in the very low lcvel patient have Ilot 

been evaluated. 

Although the responsiveness of STREAM has not yet been formally cvaluatcd, "icvcral 

factors are likely to have favorably 1I1f1uenced this propcrty. Dunng the development 

phase of STREAM, panel participants werc selccted to rcprescnt a11 pha"ics of stroke 

rehabilitation. These individuals wcre asked to takc the probable rcspon<;lvencss of 

individual items to c1inical1y important changes into conSIderatIOn in dcciding the merit 

of each item. Thus, the feedback From therapists working wtth a11 rangc" of motor 

functioning mfluenced the STREAM's development. As well, thc vanabthty of scores 

over the thirty items that make up the revised STREAM, with twcnty of the items 

scored on a three point, and ten items ~ored on a four point scalc (for a total ot 1(20 x 

3)+(10 x 4)1= 100 score options), will allow ample opportunity for m(:aningful dUlIe:!1 

changes to be noted. 

The distribution of scores on STREAM would mdlcate that STREA M rcnect~ 

differences in motof status both withll1 and betwecn mdlvtduals, and thercfore pos~sscs 

sorne degn~e of scnsitivity. Patients m earher stages of recovery gcncrally rcccivcd 

lower STREAM scores than those evaluated at a later stage, and patlCnts ln acutc care 

and LTC facilities showed a tendency to score lower than mdivlduals ln m- or out­

patient rehabilitation programs. In addition, ooly those indivlduals who demonstrated 

very near normal motor function recelved a perfect score on the STREAM, alJowing 

rQOm for improvement to be noted even for very hlgh functionmg patIent. Only 

subjects that were essentially vegetative were likely to reccive a total STREAM <;core 

of zero, as sorne very low level items have been included (such as rolhng, shrugging 

shoulders), and because scores of 'l'are given for partial movcment'j. Hcnce, the 

STREAM appears to span the spectrum of motor function wel1, wlth lIttle evidence of 

ceiling or floor effects. Feedback from therapists using STREAM to evaluate their 
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patients over time also indicates that STREAM scores para11el the observed c1inical 

changes. Further study of this important meac;urement property has been initiated. 

5.4.8 Overvi~w of the comparison b~tween STREAM and related measures 

ln summary, in ail of the charactenstics that are Important for an outcome measure for 

the rccovery of movt!ment followmg stroke, the STREAM rivaIs other related 

measures. That l!l, it provides a considerable amount of highly intemally consIstent and 

reliable informatIon on lhe movement of mdlviduals following stroke; it shows 

promIse of bemg a valid and responslve measure of motor recovery; and, it is 

extremély stralghtforward to administer, requmng minimal time, and no special 

eqUlpment or training, thus, its clinical utIlity is excellent. In light of the above 

features, in many ways the STREAM offers a considerable advantage over the related 

measure~. 

S.S Umitations 

5.5.1 Limitations of tbis stndy 

There were several limitations inherent to this study. Most notably, this study 

represents only an imtial evaluation of the reliability of STREAM. Bef OTe STREAM 

can be advocated for use as an outcome measure for research in stroke rehabilitation, 

further studles wIll be reqUlred to: 1) provide evidence in support of the construct and 

criterion vahdItles, and responsiveness of the measure to motor recovery, 2) mvestigate 

the rehabjllty of the instrument m altemate settings such as acute care, extended care, 

or outpatient rehabilitatlon programs. and 3) to further substantiate the excellence of the 

reliability determmed in this study. 

Another potential limitatton relates to the subject selection procedure, which was one of 

convenience. Attempts were made, however, to select a broad and representative range 

of a) patients with respect to severity and rime since stroke, and b) therapists with 

respect to trainmg, experience, and background. The charactcristics of subjects and 

therapists are documented, and one can see that we did indeed include a wide range of 

subjects and raters, that would typically be encountered in stroke rehabilit.ation settings. 

Because the JRH admission criteria results in the exclusion of very mildly and very 

severely impaired patients, however, our subjects may not be fully representatIve of all 

stroke patients. Also, wc were only aUowed to recruit patients who were not involved 

in another research study that was being carried out simultaneously at the JRH. Since 

the patients that we recruited had generally been excluded from the other study due to 
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comorbid conditions. such as cardlac. perceptual or communication problcms. our 

sample likely had a hlgher proportIon of complIcations and comorbld conditlons, and a 

shghtly lowcr average functional level than would have been the ca~c had we not hccn 

restricted in patient selection. IntUltlvely, the effect of tl1lS selection blas Illight he a 

more conservahve reltablht) estlmate, assummg that extremely hlgh or low lc\'cl 

patients are scored more eastly (and therefore more reltably). The faet that no 'mld­

range' reduction in rehabihty was eVldent under the conditIons of tcstmg in thls !>tudy 

(see FIgures 4.4 and 4.5), hcwever, would suggest that STREAM is reltably scored 

regardless of the functlOnallevel of the subject. 

The testmg procedures employeà in the direct observatIon inter-rater reltablltty study, 

where both ratings are made ln the same testmg session, in a ql\let t:nvironment, 

repTt-:sent the ideal conditlOIis for achieving Jcllahle scoring. a~ thls cnsure~ that 

variabllity in patient performance is not a contributor to mea~urement error. Thl~ l~ 111 

contrast to the real world sItuation, where therapJst~ test patient~ separately, on 

different occasions and under more vanable condltlOïJs. Slmllarly, u~mg vldeotapcd 

assessments to estImate Intra-rater reliabtlity can only approxllnate the clInlcal 

reliabtlity of the mstrument. Videotaped asse!-Jsmcnts rnay be pcrformcd 111 a more 

standardlzed fashlOn and under more controlled conditIons than would ltkely be found 

on a day to day ba~is 10 a rehablhtation settlOg, whcre thcraplst~ arc frcqucntly 

interru.pted or distracted durmg assessment seSSIOns. Rehablltty c~tllnate~ obtamed 

under thcM! somewhat artificial condItIons may reprcsent · optimal' rcproduclbIllty 

rather than the 'real world' sItuatIOn, and providc only a preltmmary estllnatc, or an 

estimate of maXImal intra-rater re1iabihty. Anolhcr drawback of u~\Og vldeotapcd 

assessments is that smaller movement5, such as mQvements of the hand, may be 

difficult to view ciearly. And, it may be dlfficult io rate how much assistance a patient 

is actually being given. The generahzabihty of the results of thl~ sludy 10 more 

rea1istic situations needs to be determined. 

Finally, our sample sizes were relatlvely small. howe"er, they should he adequate for 

preliminary study of the measurement properttes. For the direct observation rchablhty 

study, if agreement had not been aChieved OVei twenty subjects, IncrCél!>1I1g the sample 

size would not have further improved the agTcement obtallled. Clcchettl (1976) 

suggests a minimal sample sire reqUlrement, when using weighted Kappa III a'iM!~')mg 

the reliability of rdtmg scales, of at least two times the square of the number of ordinal 
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categories. That is, for thiee scale categories, a minimum of eighteen subjects are 

requircd. 

5.5.2 Limitations of the STREAM as a measure of motor recovery 

The STREAM measures only one attribute of stroke (ie. motor recovery). For 

treatment planmng, STREAM should be used with measures of other important 

attnbute~, such as spastlclty, ROM, sensatIOn, balance, and functional mdependence in 

ADL. For er.ample, instrument!> such as the Ash\vorth Scale of SpaStlCIty (Ashworth, 

1964), the Berg, Balance (Berg et al, 1989) and the Barthel Index (Mahoney and 

Barthel, 1965) could be used 10 conJunction with the STREAM to obtain a detailed 

profile of a patient's physical functio'l. 

Although the lfidlv!dual subscales on STREAM have demonstrated excellent internaI 

consistency and reliabihty, the STREAM was designed to be lIsed as a global or 

summary measure for the recovery of movement and mobility. Each subscale consists 

of only tell Items and, until the vahdlt!eS of the indivldual subscaies of STREAM are 

detcrmllled, the use of the subscales independently from the test as a whole cannot be 

advocated . 

5.6 Implications for Future Research on STREAM 

The STREAM IS now ready for ChOlCal use, and for further testing of its psychometrie 

propertIe~ io !support Hs usefulness as a chnical research too1. The involvement of 

stroke patIents wlth vaned chmcal profiles 10 the rehability studles, has inôicatt>.d that 

the in!strument' s rehablhty acro!ss a relatively dIverse p-opulation is excellent. The 

rehablhty In acute care, long term care, and out-patient sett1Ogs, however, remains to 

he tested. Further tests of reliabihty !.hould be can"ied out in different clinical facilittes 

and settmgs. anci under Jess controlled conditIOns than was the case 10 thls study, in 

order to show the generahzabIllty of the STREAM's reliability across mstitutions, 

patient populattons, and testing conditions. Further measurement studies are also 

required to evaluate enterion and construct validities, and longitudinal studies are 

needed to assess the responslveness of STREAM to change. And, ultimately, the 

STREAM will necd to he used in clmical trials and evaluated 10 terms of its efficiency 

relative to other lIlstmmenls for discerning the effect of treatments on the recovery of 

movement . 
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5.7 Conclusions 

Through the collaborative effort of our panels of physio\heraplsts. the STREA M has 

undergone a thorough refinement of its content. Close attention ha~ becn paid to the 

appropriateness of the items mc1uded, the sconng format. overall comprehenslvencs!> 

for measuring motor recovery, and chmcal utihty. The revlsed STRI~AM ha!> 

demonstrated excellent mternal conslstency. mter-rater, and mira-rater agreement, and 

is now ready for prehminary use In clmical settmgs. It IS aotlclpated th a! the ~ltnphl:lty 

and ove raIl chnic(JJ utIlity of the STREAM will faclhtate the lI1Corporatlon of thl~ 

instrum'ent mto the c1inical settlllg for the routll1e obJective mea~uremcnt of motor 

fünction. The tindings of this study are encouraging, and sugge~t that STREAM 

warrants further testing of its measurement properties to determlllc Its llscflllnc~~ a!-. an 

outcome measure. Cûntmgent on simllarly favorable results from further s!udle~ of the 

measurement propertles, STREAM may becomc a key measure of the recovcry of 

voluntary movement and basic mobllity and thereby contnbute to our understandll1g of 

the evolution of motûr recovery following stroke . 
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APPENDIX 1 
The Original STREAl\t 

STroke REbabllitation Assessment of Movement 
(STREAM) 

The Steps ta Recovery 

General Instructions for Using the STREAM Assessment 

1. The patient shou1d be in l'J<;/her usual state of attention and health. 
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2. Instructions should be explained, demonstrated and repeated ta the patient as necessary. 

3. Therapists may use their Judgement as to the arder fi which the Items are tested. 

4. If necessary, the patient is pemlitted two attempts on each item. 

5. Patients may he given verbal encouragement and reassurance. 

6. If the assessment must be interrupted for any resson then il may he restarted from whero it 
was left off (within a 24 hour penod) 

7. The following eqwlJment should be on hand: 

- annless chrur of standard height or plinth 
- stairs 
- small towel. 

B. Unless otherwise stated the starting position is sitting on a stmight annless chair (or plinth) 
with feet flat on the floor and the affected hand is placed in the lap. 

9. The items evaJuatmg the upper extremity, lower extremity and sitting balance are scored: 

o ü the patient is unable ta carry out the actiVlty 
1 ü the patient is abie to carry out the acuvity 

10. The items evaluating standmg balance and walking are scored: 

o ü the patient is unable to carry out the activity 
1 ü the patient IS able to carry out the ad.lv~ty Wlth assistance of another persan 

(with or without an &id) 
2 is able to cany out the activlty Wlth the help of an aid or ü holding on to a rigid support 
3 is abie ta cany out the activity mdependellUy anel safely without the help of an aid . 
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lastractJoas for Use of STREAM 

Upger Extremlty 

1. Affected hand touches ipsilateral ear 

1 elbow must he abducted from the side of the body by at least 4SO and the patient must keep 
the head and trunk ln the midline 

2. Affected hand touches sacnun 

1 patJent must be able to cany out the activity without bending the trunk 

3. R81ses affected atm to fonvard-horizontal flexion 

1 range of penrussible error is :: 200 ie shol!lder flexion can range from 700-1100, deviation in 
the honzontal plane can range from 200 adducuon to 200 abduction, and the elbow must not be 
nexed more than 200 

4. Rruses affected arm to lateral-horizontal flexion 

5. 

6 

1 range of pennissJ..ble errer IS:: 200 ie abduction can range from 7rP-II00
, and the elbow 

must not be tlexed more than 2eP. 

Raises affected arm to fall forward flexion 

1 the arm must be raised above the horizontal position and the elbow must not be flexed more 
than 2eP 

Supination and pronauon W1th elbow nexed to 9rfJ 

1 movement must occur through more than 1/3 of available range and the elbow must remain 
tucked ln at the slde of the body 

7. Acuvely closes the affected hand 

1 acuve movement of the flngers must be observed 

8. Actively opens the affected hand 

1 active movement of the fingers must be observed 

9. Touches each fmgertJp to thumb of affected hand 
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Lower Extremlty 

10. Flexes hip and knee whùe lying supllle 

1 active movement through at Jesst 113 of avallable range Chee! does not have to !eave the 
surface) 

11. Actively extends affected knee while sitting 

1 patient must be able to cany out the activity WlthOUt Jeaning back or extencling the hip, active 
movement must occur through 2/3 of available range 

12. Active dorsiflexian of affected ankle while sitt.mg 

1 the ba.ll of the foot must be lilted and the heel must rern.am on th~ floor 

13. Active dorsiflexian of affected anMe wlth knee extension while standmg 

1 the ball of the foot must he liltee!, the knee must Dot flex more than 100 and the 
heel must remam on the floor 

14. Flexion of affected kllee WJth rup extensIon whùe standmg 

1 hip must remain in the neutral position (Jess than 100 flexion) and knee must be flexed 
beyond 450 

15. Abduction of affected rup Wlth knee extensIon while standmg 

1 active movement must occur through at lesst 113 of available range, 
rup must remain ID the neutral posiùon (les« than !OO flexion) and the 
knee must retam cear full extension (Jess e,<>n 10% flexion) 

Sittiag Balanee 

16. Maintains creet sittIng posluon for one minute 

17. Maintains sittmg balance while rrusmg foldee! arms to farehead 

1 anns are folded ac.TOSS chest, the unaffected ann supportmg the afrected arro, 
patient nuses forearms ta touch forehead without bendmg the head forward 

18. Maintains sitting balance while maving folded arms side to side 

1 arm.s are folded across chest, the uoaffected arm supporting the .rrected arro, 
with the arms rrused to c1ear chest, the patient moves anns from slde ta side while 
maintaining the head faclng forward, ilt each movement the elbow approaches the rnid-hne 

19. Bends rorward to touch floor with anaf"fected band and retums to the Sitting position. 
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Standing and WaWng 

Note - for items 20 to 34 assign: 

o if the patient is unable ta C8JTY out the activity 
1 if the patient is able ta cany out the activity with assistance of another persen 

(with or without an aid) 
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2 is able ta cany out the activity with the help of an sid or if holding on ta a rigid support 
3 is able ta cany out the activity independently and safely without the help of an aid. 

20. Rises ta standing from sitting 

21. Maintains standing for one minute 

'22 SUdes unaffected leg 12- forwards then backwards 

1,2,3activity must be 8ccomplished in one smooth mavement, to reduce friction a small 
towel may be placed under the foot 

23. Lifts unaffected foot off the ground 

1,2,3the whole f001 must leave the ground at least momentarity 

24. Turns 900 ta unaffected side 

25. Tums 900 ta affected side 

26. Takes 3 steps forwards 

1 ,2,30ne step is accompUshed by advancing one foot and bringing the other foot to meet the 
lirst 

27. Takes 3 steps backwards 

1 ,2,30ne step is accompli shed by moving one foot back and bringing the other foot ta meet the 
first 

28. Takes 3 steps sideways ta unafrected side 

l,2,30ne step is ~ccompUshed by moving one foot and bringing the otherfoot to meet the first 

29. Takes 3 steps sideways ta arfected side 

1 ,2,30ne step is accomplished by moving one foot and bringing the other foot ta meet the first 
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30. Walks 25' 

1.2.3walks on a smooth obstacle free surface 

.il. Walks up 3 stairs without altera.üol feet 

1.2,3the (wo feet ~ on the same step together 
Note use of the handrnil counts as using an aid (score 2) 

32. Walks down 3 stairs without &lteroBtinl feet 

1.2,3the two feet ~ on the: sarne step togethcr 
Note use of the handrail counts 8S using an eid (score 2) 

33. Walks up 3 stairs a1t~maünl fcet 

l,2.3the two fcet are neveron the same step together 
Note use of the handrai1 counts 8S using an eid (score 2) 

34. Walks dOWD 3 stairs altemating feet 

l,2,3the two feet are never on the same step together 
Note use of the handrnil counts 8S using an aid (score 2) 

12.~ 
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CONTENT VERIFICATION SUBVEy 

Deal colleague: 

Wc are in the process of developing an instrument to assess motor functlomng of stroke 

patients, the SIroke REhabilitation Assessment of Movement (STREAM). This is a 

collaborative effon between Dr. Nancy Mayo, Dir~tor of Research al the Jewish 

Rehabilitation Hospital in Montreal. Dr. Sharon Wood-Dauphinee. Director School of 

Physical and Occupational Therapy MeGill University, and myself, Kathy Daley BSe PT, 

masters student in Rehabilitation Science at McGill Universlty. As a the sis project 1 will he 

evaluating the measurement properues of STREAM (ie. the reliability, validity. and 

responsivencss) in order to assess STREAM's potential for use as an Oütcome mea.'iure for 

stroke rehabilitatlon. The fust step ln this project is to verify the content of the scale, and for 

this ta.. .. k your expertise is needed. 

Back~round of STREAM: 

STREAM bas been designed to he used by physiotherapists to monitor patients' motor 

function over time, and for evaluating the effectiveness of physiotherapy interventions in 

stroke rehabilitation. The items which make up flle STREAM cover a '.Vide range of 

movement pal1ems th?C are typica11y assessetl by physiotherapists durinf rehabilitation 

following stroke. The items have I>-oen adapted from severa! existing asscssrnent scales for 

motor funCtiOD, and from the dinical experience of the scale developers. STREAM differs 

ft'om existing motor assessments in that it covers a wide scope of motor components oi interest 

to physiotherapists, yet is brief and easy to administer and score. The scoring of STREAM is 

intended to be objective sa that a rugh reliability or reprooucibility of scores can be achieved. 

The scale is designed for the evaluation of stroke patients with motor defiClt5 ranging from 

mild to severe. 

This survey is mtended to eliclt feedback from physiotherapisls who have experience 

working with stroke patients. Your opinions regarding the potential usefulness of lhis 
measurement instrument will be greatly appreciated and will facilttate the process of scale 

development. Please feel free to mclude any suggestions as to modifications or refinements 

which may improve the STREAM. 

A copy of STREAM and iustructions for use are enclosed and should be read prior to 

completing the survey regarding the cootents of STREAM 

Thank you iD ad vance for taking the time to complete tbis brier suney and for your 

input! 
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STroke REhabilitation Assessment of Movemeot 
STREAM: The Steps to Recovery 

Please rate eech items as to its importance u~ing the foUowing key: 

1 crucial 
2 very important 
3 moderately important 
4 neither impol1ant nor unimportant 
5 unimportant 

Rating 
Upper Extremity 
1. Affected band touches ipsilateral ear 1 2 3 4 5 

2. A.ffected band touches sacrum 1 2 3 4 5 

3. Raises affected arm to fOIVv'ard- 1 2 3 4 5 
horizontal flexion 

4. Raises affected arm to lateral- 1 2 3 4 5 
horizontal flexion 

5. Raises affected arm to full forward 1 2 3 4 5 
flexion 

6. Supination and pronation 1 2 3 4 5 

7. Actively closes the affected hand 1 2 3 4 5 

8. Actively opens thE' affected hand 1 2 3 4 5 

9. Touches each fingertip to thwnb of 1 2 3 4 5 
affected hand 

Lower Extremity 
10. F1exes hip and knee while lying supine 1 2 3 4- 5 

11. Extends affected knee while sitting 1 2 3 4 5 

12. Dorsiflexion of affected an.lùe in sitting 1 2 3 4 5 

13. Dorsiflexion of affected ankle with 1 2 3 4 5 
knee extension whiJe standmg 

14. F1exion of affecte<! knee with hip 1 2 3 4 5 
extension while standing 

15. Abduction of affected rup \vith knee 1 2 3 4 5 
extension wluJe standing 

Comments 
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• Sittiag Balaace 
16. Maintains sitting position 1 minute. 1 2 3 .. 6 

17. Maintains sitting balance raising 1 2 3 .. 5 
folded arms to forehead 

18. Maintains sitting balance moving 1 2 3 .. 6 
folded arms side to side 

19. Bends for.varo to touch floor with 1 2 3 .. 6 
unaffeded hand and returns to sitting 

St.anding Balance 
20. Rises to standing from sitting 1 2 3 .. fi 

. 21. Maintains standing for one minute 1 2 3 .. fi 

22. Slides unaifected leg 12" fozwartls 1 2 3 .. 6 
then back wards 

23. Lifts unaffected foot 1 2 3 .. 6 

Watking 
24. Turns 900 to unaffected side 1 2 3 .. fi 

25. Turns 900 to affected side 1 2 3 4 6 • 26. Takes 3 steps fOIwardS 1 2 3 4 6 

27. Takes 3 steps backwards 1 2 3 4 6 

28. Takes 3 steps sideways to 1 2 3 4 6 
unaffected side 

29. Takes.3 S\C;IJ':i sideways to 1 2 3 4 6 
affected side 

30. Walks 25' 1 2 3 .. 6 

31. Walks up 3 stain> without 1 2 3 4 5 
altemating feet 

32. Walks down 3 stairs without 1 2 3 4 5 ------------------------------alternating feet 

33. Walks up 3 stairs alternating feet 1 2 3 4 fi 

34. Walks down 3 stairs alternating 1 2 3 4 5 
feet 

• 
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Please answer the foJlowing by placing a checkmark in the appropriate space provided and add 
your comments where requested (THANK VOU!): 

Theraplst prorlle 
A) Number of stroke patients assessed, in the pasl year: < 10 10-30_ > 30_ 
B) Years of experience working with stroke patients: < lyr_ 1-5_ > Syr_ 

C) Current service area: 
i) staff therapist_ senior_ clinicat specialist_ other _____ _ 

ii) acute_ rehabilitation_ long-tenn care_ private practice_ out-patient_ 
day-hospital_ home-care __ other ____ _ 

üi) general (mixed caseload)_ mixed neuro stroke service_ other __ 

D) Name of facility employed at: 

COMMENTS on STREAM 

1) Considered collectively, is the total group of items adequate to evaluate the motor function 

of stroke patients? Yes_ No_ 

If not, what would you add? _____________________ _ 

2) 15 each item c1ear and easy 10 understand? Yes_ No_ 

List items with problems (by number--please comment on problem) 

3) Is the scoring (able 1 unable for limbs and sitting balance; 4 point scale for standing items 
depcnding on degree of assistance required) appropriate? Yes_ No_ 

If no, how might the scoring he irnproved? 
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4) Do you agree that this scale will show differences in motor function,among persons 

undergoing physiotherapy interventions following stroke? 
Agret: strongly_ Agree_ Disagree_ Disagree strongly_ 

5) Woul~ you use this scale in your clinical pl'actice to evaluate patient outcome (following 

evaluation of reliability and validity of the scale) ? Yes_ No_ 

J f not, why not? 

6) Are there any other comments you would like to make regarding STREAM? 

THANK YOU ONCE AGAIN FOR YOUR TIME AND INPUT! 

Please retum to: Attn: Kathy Daley (Masters student) 
School of P&OT, McGill UniversIty 
3654 Dmmmond Street 
Montreal, Que. H3G 1 YS 
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APPENDIX 3.1.1 

Cover Letter to Panel One Pal1icipants 

Research Department, Jewish Rehabilitation Hospital 
3205 Place AIton Goldbloom 
Chomedy, Laval, Que. H7V IR2 

Dear colleague: 

February 13, 1993 

131 

We are in the process of developing and evaluating an instrument to assess the motoT 

function of stroke p'àtients, the SIroke REhabilitation Assessment of Movemcnt 
(STREAM). This is a coUaborative effort between Dr. Nancy Mayo, Epidemiologi~t at the 

Jewish Rehabilitation Hospital in Montreal, Dr. Sharon Wood-Dauphinee, Associate Dean 

School of Physical and Occupational Therapy McGill University, and Kathy Daley BSe PT, 
masters student in Rehabilitation Science al McGill University. 

We are recruiting experienced therapisls from the Montreal area 10 participate in a 

concensus group to refine tlte STREAM. We are asking for your assistance in idcntifying 

potential participants. Each participant will be asked to review ilie STREAM, and to attend 

one meeting (to be held on an evening in carly FebruafY). For this effort each participant will 

receive a small honorarium. 

We have enclosed sorne information on the background of STREAM, and information 

for potential coneensus group participants. Could you plcase bring this project to the attention 

of your staff, and ask any interested people to contact Susie Rosenmeier at the Research 

Depa11ment of the Jewish Rehabilitation Hospital. If you nced any furthcr informatioll, plcaM! 
don't hesitate to call. 

Thank you for your assistance on this project ! 

Attn: Susie kosenmeier, 
Researcb Department, 

Jewisb Rehabilitation Hospital 
688-9550, ext (43'1) 
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BACKG ROUND QF STREAM 

The SIroke REhabilitatIOn Asscssment of Movcmcnt (STREAM), developed in 1986 al the 
Jcwish Rehabilitation Hospital (JRH), was dcsIgncd to be uscd by physlOthcraplsts to monitor patIents' 
motor function ovcr ume, and for evaluatmg the effectlvcncss of physiotherapy interventIOns in stroke 
rehabilitation. The Item!> whlch make ""p the STREAM were contnbuted by physlcal and occupational 
therapists and members of the research department, and cover a wlde range of movement patterns that 
are typically assessed by physiotherapists dunng rchablhtatlOn following stroke. The items were 
adapted either from the c1mical expcrience of the scale clevelopers or from eXlst.ng pubhshed 
asscssmenls (Bobath, 1978; Bmnnslrom, 1970). STREAM was deslgned 10 be a relatlVely 
comprehensive assessment of motor functlOn sui table for evaluaung stroke patients with motor deficits 
ranging from rrllid to severe. It mcludes a total of 34 items (of graded difficulty) assessmg upper and 
lower 11mb movcmcnt patterns, basIc mobil1ty, and balance. The 15 Hems assessing 11mb movement 
patterns (6 for the lower extremlly and 9 for the upper extremlty) .... nd 4 items performed 10 sitting are 
scored on i\ two point ordlllal scale (able/unable); 6 Items periormed In standmg and 9 rnoblhty items 
are scored on a four point ordinal scale rangmg from 0: unable to 3: mdependent wlthout alds or 
assIstance. The sconng of STREAM is intended to be objecuve 50 that a hlgh rehability or 
reproduclblhty of scores can be achieved; It is also brief and cas)' to admInlster. The scale has been 
piloted for chnical utIllty al the JRH for a number of years and has proven ch_nJcally acceptable. 

--~---~~---------

~ORl\1ATIQN FOR POTENTIAL CONCENSUS GROUP PARJJÇIPANTS 

We are evaluatmg the content validity of STREAM, and are recrUiting expenenced therapists 

(from ail phases of stroke rehablhtatlOn, with a minimum of one year lIi experience working with 

stroke patIents) 10 partIclpate in a concenslis group to refine the STREAM. Through the suggestions 

made by the group, we hope to achleve cOllcensus on the changes that should be mdde, and to develop 

an instrument that iS uscful to physical thelaplsts for measurmg motor funcllOn followmg stroke. 

Your partlclpatlon would I""olve the folJowmg 

1) wc would ask you [0 revlCw the STREAM (prior to the meeting) and thmk about changes you 
would ma.kc to improve the Instrument (additions, deletlons, c1anficatlOns, and sconng of Items), and 

2) we would ask you to attend a meeting (of approximate 3 hours duration, to be held on an evening 
in catI)' Febmary) to discuss changes that should he made to refine the STREAM. At thls meeting 
you will be shown a vidcotapcd patient asscssrnent on STREAM, to furthcr famllianzc you with the 
instrument, prior to the dll>CUSSlon. 

For your partIcIpatIOn, yOlJ would recelvc a small honorarium. Refreshments will be provlded on the 

evenmg of the "thmk tank". 

If you would be intere')ted 10 participating. please contact: Susie Rosenmeier, 

Research Department, JRH 

688-9550, ext 437 
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APPENDIX 3.1.2 
.,1('"0,(' u'>«.' thi!) ronn '0 li!>1 the chang«.'S thAt )OU "ould rl'('onlln('nd 10 il1lprove Ihl' STREAM. 10 I~rm .. 01 

itc:m additions. ddc:\ion\. mllllificallonc;. clantÏl:3IiOnc;. and c;cllnng Vour Il,,\ \hould he cllmrl1cd J'Inor to thl! ml!l!\mg. 
Ml th.1I wc: can dl:'cus\ Ihc: Idc:.c. a~ a group Vou may ."dullc: a.\ many ur as (c!w iJI!3.\ or dc\ail~ 1.\ yllu (~I arc: 
important WC! wl!kllml! any \ugg~,llOn, Ihdl Will furthu Impww thl! STREAM. and mJkl! Il an inc;trumcnl that will ~ 
widdy accl!plcd tm u ... c: ln ~hO\cal praCHC\! and ln re .. eaTl:h 

SUGGESTED CHANGES 10 STREAM 

1 • 
., ... 
3. 
4 •. 

5. 

6. 
7. 

8. 
9. 

10. 

11 • 

12. 

13. 

14. 

15. 

16. 
17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30 • 

(use olher side Ji addillonal space required) 
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APPENDIX 3.2.1 
Cover Le, t...t to Panel Two Participants 

Dcar concensus panel pamclpant: 

Thank you for agreemg to panlclpate ln thls proJect! We are m the process of developmg 

and evaluaung an Instrument to assess the motor functlOn of stroke patIents. the STroke 

REhabilitalion Assessmenl of Movemeol (STREAM). This 15 a collaboratlve effort between Dr. 

Nancy Mayo. EpldemlOloglst at the Jewlsh Rehablhtation HospItal 10 Laval, Dr. Sharon Wood­

DauphlOee. Assoclate Dean School of Phy51cal and OccupatlOnal Therapy McGùl UOIver5lty. and 

Kathy Daley BSc PT. masters student 10 RehabIlitation SCIence at McGl1l Umversity. We are 

evaluatlllg the content vahdlty of STREAM, and are reCTUltlng expenenced therapists (from ali 

phases of stroke rehabJiItatlon. wlth a mlOlmum of one year of e"penence workmg Wlth stroke 

pallents) to partlclpate ln a concensus group (the second m a senes of panels) to refine the 

STiŒAM. ïhrough the suggestions made by the group, we hope to achieve concensus on the 

changes that should be made and to develop an IOstrument that IS useful to physical theraplsts for 

measunng motor funcuon followlflg stroke. You were recommended to us by members of the tirst 

panel due to your expenence and expemse worklOg Wlth stroke patients. Your partIcipatIon would 

involve the folloWlng: 

1) we would ask you to reView the STREAM and thmk about changes you would make to improve 
the instrument (addItions. deletlons, c1anfications. and scoring of Items), and 

2) we wou Id ask you to attend a meeting (of approxlmate 3 hours durauon) to discuss changes that 
should be made to refine the STREAM. At thls meetmg you will be shown a videotaped patient 
assessment on STREAM. to further famlhanze you with the instrument, pnor to the dISCUSSIOn. 

For your partiCIpatIOn. you would recelve a small honoranum. Refreshmf!nts will be proVlded on 

the evemng of the "thmk tank". 

To fanuhanze yourself wlth the STREAM you mlght conslder assessmg a few patients using 

STREAM As you revlew the STREAM, male note of any changes that you would recommend to 

fUMer Improve the STREAM (on the fonn provlded)' We have enclosed: 

a) a bnef description of the purpose and scope of STREAM 
b) a copy of STREAM 
c) a form for yot: to wnte yom suggestions 011 (please bnng this to the meeting) 
dl a meetIng agenda 

If you have any questlOns. please don 1 t hesltate to call (questIons should be dlrected to Susie 

Rosenmeler, Research Department. Jewlsh Rehabilitation HOSpital, 688-9550, ext 437) . 

We look forward 10 seelOg you on March 25th ! 

Note: Please continn your Intennon to partlclpate by contacting SusIe. Thank you! 
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APPENDIX 3.2.2 
Fi rst Revision of St ream 

STrokc: REhabililation Assessmcnl or Movcmenl <STREAM) 

Gencrallnstruclions for Usina Ihf STREAM 

1. The pallent should be in hls/her us~al state of attention and health 

2. The patient should be dressed ln c10thing that does not restrict movement, and that allows the theraplSI to 
observe the movement clearly (eg. shorts and T-shirt). Comfortable walklng shoes (or the patients usual 
foot wear) should be worn when testing the aCllvltles performed 10 standmg. 

3. 1nstrucllons (1ta.lIeJzce/) should be given, demonstrated and repeated to the patIent as necessary For the 
Items testtng voluntary movement of the hmbs. ask the patient to perform the movement one lime Wllh 
unaffected SI de (to observe the available range and normal movement pattern, as weil as the pallent's 
comprehenSion of the test Item). When necessaJ"'j, theraplsts may aSSISI the pallent to malntatn standtng to 
allow the performance of rnovements of Lt)e unaffected lower extreml!y that r~ulre welghtbeanng through the 
affected IlInb (!ower extremlty Items #5-7). 

4. Patients may be glven verbal encouragement and rea'Ssurance. 

S. Theraplsts may asSISt the panent to achleve the starting poSltlOM speclfied, however, dunng the testlng of 
each indlVldual Item no support (except as stated above) or phYSlcaJ asslst should be provided 

6. If necessary. the patient is permitted three attempts on each item and the best performance recorded. 

7. Therapists may use theu judgement as to the order in whlch the Items are tested. 

8. If the assessment must be tnlerrupted for any rea5On, Il may be r~started from where il was lefl off If done 
50 withtn a 24 hour penod. 

9. The followmg equlpment should be on hand: 

-slurdy slool (QI treatmenl phnlh or armless chair) of a helght such that patient can Slt comfortably on a 

firm :;upport with feet resttng on the floor or on a small fOOI 51001, wllh the hlpS and lenees at 9{)0 

-support surface (firm, large enough to permit rolhng safely, and ralsed appro)umately 1/2 rneler off the 
ground); if using the patlent's bed, it must be fully flat Wlth encumbenng beddtng removed: alternatlvel)', a 
large tr~.atment phnth (raised mat) may be used 

-piUow 

-stairs wuh rallings (departmental steps QI full fllght: standard helght approx imately 18 cm) 

10. The item should be excluded (and lest scored oul of 100) If movement IS hmlled due to marked restncllon 
of passive range or due 10 pam. 
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1. VOLUNTARy MOVEMENT Qf THE LlMBS 

Scoring: 0 unable 10 perform the test movement through any vlslbll! range (incJudes fllcker) 

able 10 pcrform partial range of rnovement, but require5 assistance, stabihzation or suppon to 
complete lU: pcrforms full movement with marked deviation (rom normal pattern 

2 completes the movement in a manner that is comparable to the unafTected slde 

X aClivity not tes/cd (spedfy why) 

UPPER EXTREMlTY 

Slarting POSItIOD (or Items 1-12: sitting on suppon surface with fcet flat en the fioor (or on a small foot 
5tool) with hips and knees at 90°, and with both hands resting on a pillow placed on the patient's lap with 
palms down. 

l. SHRUGS SHOULDERS (SCAPULAR ELEVATION) 
"Shrug )'Our shoulders as high as)'Ou CJln" 

2. RAISES HAND TO TOUCH FOREHEAD 
"Raise )'Our hand 10 louch your lôrehead" 

3. PLACES HAND ON SACRUM 
"Rea ch behind J'vur back and as far across loward the o/her side as you can" 

4. RAISES ARM FORWARD TO 90° OF FORWARD FLEXION 
"R~ch )'Our aTm sfraighr our in ITont ofyou to horizontal" 

5. RAISES ARM OVERHEAD TO FULLEST ELEVATION 
"Reach )'Our hand as hl['h as you "an o ver your head. Jœeping your e/bow straigllt" 

6. RAISES ARM SIDEWAYS TO 9O"OF ABDUCTION 
"uft )'Our atm sideways to hOTlllJntal. kecping YOUt elbow sttaight" 

7. SUPINATES ANQ PRONATES FOREARM WlTH ELBOW FLEXED AT 900 

"Keep )'Our elbow bent and close to your side. 1ùm )'Our fot~rm O\oeT so thal 
)'OUt pa lm bas up. then turn yout mrcarm o~r $() thal )'Our palm faces down" 

8. CLOSES HAND FROM FULL Y OPENED POSITION 
"AIa/œ a 6sr. keeping your rhum" on the outsidc" 
(Note: MUSi eXlend wnsl to oblain full marks.) 

9. OPENS HAND FROM FULL Y CLOSED POSITION 
"Now open yoUf hand ail the \4ây" 

2 
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10. EXTENDS WRIST AND FINGERS 
"LiR J'Our hand and straight~n yvur fingcrs" 

Il. OPPOSES THUMB TO INDEX FINGER (tlp to tip) 
"Mak~ a drcle with your thumb and inde" fing~," 

12. OPPOSES THUMB TO LITTLE FiNGER (lip 10 lip) 
"Make Il circJe with your thumb and /ittle linger" 

LOWER EXTREMITY 

SUP.INE 
1. FLEXES HIP AND KNEE IN SUPINE SO THAT FOOT IS FLAT ON BED 

(A Tf AlNS HALF-CROOKL YlNG POSITION) 
"Bend your hip and mec so that your foot uMs flat on the bed" 

SITTING: reel nat on the noor (or supported on a small root slooI); hips and knees al 90° 
2. FLEXES HIP IN SfITlNG 

"liR j'Our mec as high as j'Ou can" 

3. EX TENDS KNEE IN SITTING 
"Straighten your knet: by Miing your foot up· 

4. DORSIFLEXES ANKLE IN SllTING 
"Keep j'Our heel on the ground and Jill j'Our tocs off the floor as lâr B.(j you can" 

STANDING: holding onto a stable support (to assist balance) for items 5-7 
5. ABDUCTS AFFECTED HIP WlTH KNEE EXTENDED IN STANDING 

"Keep j'Our knee stralght and J'our hips level, and raise j'Our leg to the s;de" 

6. FLEXES AFFECTED KNEE WITH HIP EXTENDED IN STANDING 

U7 

"Keep your hip straight and bend j'Our knee back, bnnging your Mel towards your bottom" 

7. DORSIFI EX ES AFFECTED ANKLE IN STANDING WJTH KNEE EXTENDED 
"Keep your heel on the ground and Jill your toes offrhe Door as mr as you can" 

3 
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Il. BASIC MOBILlTy 

Sconna: 0 unable to perform the test movemcnt 

1 able to perfonn part of the movement aClively, but requlres supervision or assistance 
from an ald or an Indivldual to complete 2r performs any or ail of the movemenl with marked 
devlatlon from nonnal 

2 completes Ihe movement independenlly and sarely 

X activity not tested (s~cJfy l4Ihy) 

CROOKLYING 
1. ~AISES HIPS OFF BEO IN L YING WITH KNEES BENT (BRIDGING) 

"uR }'Our hips as high as you canif 
Note: May be assisled 10 attain starting position (crooklying) 

SUPINE 
2, ROLi.s TOW ARDS AFFECTED SIDE 

"RoJJ onto your Me~k slde" 
Note: Must achieve full side Iying (pelvis perpcndicular to the bed) 

3. ROLLS TOWARDS l1.NAFFECTED SIDE 
"Roll onlO your suong side" 
Note: Must achieve full side Iying (pelvis perpendicular to Ihe bed) 

4. MOVES FROM L YING STJPlNE TO SlmNG UPRIGHT WlIH FEET ON THE FLOOR 
(to clther side: any functlonal and safe method) 
"Sil up and plaer your feet on the Ooor· 

SITTING 
5. REACHES FORWARD TO TOUCH UNAFFECTED FOOT WITH UNAFFECTED HAND AND 

RETURNS TO SITT1NG 
"",th }"Our strong hand. reach down and louch yoUf tôot on the same SI de " 

6. RISES TO STANDING FROM SITTING 
"Stand up; cry to take equal ~jghl on both legs­
Nole: May push up with hand(s) 

STANDING AND WALKING 
7. TAKES 3 STEPS EORWARDS 

(Placing one foot in front of the other) 
"Take threc a ~r. ~e sized steps forwards, ;Jlacing one foot in front olthe other" 

8. TAKES 3 STEPS BACKWARQS 
(Placlng one (oot behind the other) 

"Taxe ihree a .eragc SlZcd steps baekwards, p/acing one /bot bchind the other" 

4 
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9. TAKES 3 STEPS SIDEWAYS Ta UNAEFECTED SIDE 
(Sleps must he at leasl 25 cm wide) 

"Take three average s;zrd sreps rowards yoUf srrong side-

10. TAKES 3 STEPS SIDEWAYS TO AEEECTEQ SIDE 
(Steps must be at least 25 cm wide) 

"Talee Ihr~ average slzrd steps towards )!Our weak slde-

Il. MOVES FEET Ta TURN BODY 900 TOWARDS llNAEEECTED SlDE 
~TaJ.r stcps to turn on the sfXJt towa ,.ds your stJ'ong side" 

12. MOVES FEET Ta TURN BODY 900 TOWARDS A.EEE.c.I.EQ SIDE 
"Ta/œ steps to turn on the spot towards your '4eak sidc" 

13. WALKS 10 METERS INDOORS, ON A SMOOTH OBSTACLE FREE SURFACE 
(WlTHIN 20 SECONDS) 

"Wcllk in 8 straight Ime o\>er to ... (a specified point la meters 8Wc1Y) " 
Nole: use of an orthotlc counts as using an :ud (score 1) 

14. WALKS lœ 3 STAIRS ALTERNATING FEET 
"W-ilk up three stairs; place onlyone foot at a lime on each stcp ifyou can" 

Note: use of the handr.u\ counts as using an a1d (score 1) 

IS. WALKS DOWN 3 STAIRS AUERNATlNG FEET 
"Wcllk down thr~ stajrs; place on/y one foot at a lime on uch step jfyou ~n" 

Note: use of the handrail counts as u~lng an aid (score i) 

5 
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APPENDIX 3.2.3 
1 ntent and Scope of Stream 

STROKE REH,\ BrUT A TIOi'. ASSESSMENT OF M'oVEMENT (STREAM) - - - -

BACKGROUND OF STREAM 

Tht! SJro~e RdldotillatHln ~.,.,e.,.,ment of Movement (STREAM) wa~ uevelopeJ ln 19Rh al the 

Jt!wlsh Rehabilitation Hospital (lRH), Cholneuy-l..lval. Quelle<.:. The Items lI\c\uded \Ii the 

origmal STREAM were contnbuteu by physlccl1 and occupatlOnal ther.ipl~t~ and m~mber~ of 

the rese .. m:h JepartlneJ11: the item!> were adapted !rom chmcal expt!nence and irom eXI~llllg 

pubh~heJ .l~!>e!>!>ment!> cBob.uh. 1978: Brunn!>trom. 19ïÛl. The !><.:ale ha!) been plloteu ior 

dllll<.:al ullhtv .lt the JRH lor.l llulIIber of Yt!<lr;:, allu hd!> proven dllllcal!y dœeotable. 

f.\ TE~'DED PtTRPOSE & seo PE 

The purpose oi the STREAM 1:' to provlde d standardlzeu. obJective and qu.ullltatlvt! 

a~~~:.ment for measunng the motor rel:Overy of stroke patient:.. It wa:. de:'Jgned to be u:.eu by 

phvsiotherapl:.ts for mottitoring motor recovery. clJ1d for e\'aluali",~ the impact of 

therapeutic interventions (!>uch J:. phy~lcaj therapy. meulcal clmj phd.TTl1acolo~m: 

IIIterventlOt .). etc.) on the motor recovery of stroke patIents. 

The STREAM I~ tntended for u!>e a~ an outcollle measure (for cvaluatmg treatment 

oulcome!». and ior mOll1tonng motor unproverncnt-- as opposed 10 being. an clsseSSlOel1t tool 

for I.hagno~l~ anu trcatment planl11ng. Thl!> l~ an Important pomt. becau:.e the tntenlieu purpollt! 

oi Ihe II1strument IOfluences what items must be Illcluded and Iht! amount oi ut!latl requlred. 

Althou~h STREAM I~ not IOtenueu for plannJn~ tre.ltmenl !>tratt!glt!~. If u!>t!J ln IwlatlOn. It 

Olav be useu l!\ COlllunctlOl1 wllh Int~asures oi spaslicIly. ROM. sensatIon. balance. lunctlOnal 

IOdependence Hl ADL. etc. to obtam a detallt:u objectIve prOfile of cl Peltlcnt':. phY!>lcaJ 

funchon. 

ln the pTe~ent form of the STREAM. the item:. included cover a wlde range of motor activitle~ 

that are typlcally assessed by physiotherapists for the purpose of evaJuating the motor status of 

~troke pJtlent~. STREAI\l Wd!> de~lgned to be a relatlvely comprehenMve ~se~sment. ~uitable 

for evaluatmg stroke patlent~ Wllh mOlor deficlts rMlging from mlld to severe. TIle test items 

repre~nt grauatlOn!> oi ulfficulty. to a1low dl!>Cnmmatlon between patIent:. Wlth dlffenng leveb 

oi motor Impamnen!. and to munitor an lIlUlvldual's matar recovery over tune. The items 

currently IOduueu ln the tn:.trUlT\t!nt as!>es,> upper and lower Umb lUovement patterns and 

b~ic mubilily. The Ilt:ms assessmg 11mb movement pa!tcm~ are mtended to provlde a profile 

01 baSIC motor stalus (motor recovery 10 the hmbs): the remruning Items should glve a more 

funchonaJ plcture of motor recovery. asse:.~\Og. slmple motor tasks which reqUire the integrated 
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movcment of trunk and Itmbs. To date. the Items tncluded tn the STREAM have been IImlled 

to simple movement~ tn an allempt to mmlmllC the potentlal confoundtng effects that variables 

other than motor recovery. such as cognilton/percepuon and commumcatlOn, have on the 

measuremcnl ot motor status. 

The STREAM currentlv mcludes a total of 34 !lems, wlth 19 items assessmg 11mb movement 

patterns (7 for the lower extremity and 12 for the upper extremlty; and 15 item~ assessmg 

basIc moblhty. A simple three point ordmal sconng. system IS employed; a patIent IS scored 0 

if unable to perform the test movement. 1 If a movement can be partlally completed but 

assistance or suoervlslon IS reoUlred QI If the movement IS performed wllh marked devlauon 

from a normal pattern las compared to unarfectell 11mb wherc possIble) . .md .! Ir .lble to 

complete the movemem !TI a manner that IS qualnauvely and quanl1latlvelv nt'aï normal (sec 

scale for speclfic sconng duectlves). The sconng ot STREAM IS deslgncd to be objectlVe and 

quanutatlve sa that a hlgh rehabùlty or reproduclblhty of scores should be achlevable. 

STREAM IS alsa bnef (10-15 minutes) and easy to adrrumster. 

CONCEPTUAL FRAJ.\1EWORK 

In devising a clinical tnstrument to measure motor recovery, a number of aspects must be 

considered. such as: the domains to be included. the methods by which thesc arf- assessed, and 

the uses and populations for whlch the measure is appropnate. Thu~, motor rccovery must be 

operationally and conceotua11y detined. However. glve1'l the compleXlty of motor pcliormance 

10 tenns of the nllmber of factors that potentIally mtlucnce motor recovery .md the functlonal 

perfonnance of stroke patients. defirung and measunng thlS phenomenon IS a challenge. What 

the STREAM endeavor!> to measure has been referred to by a vanety of terms. mcIudmg: 

motor recovery. motor abùity. motor functIon, functlOnal matar recovery, motor performance. 

motor control, motncity, and motor output. UnfoTtunately, many of these terms are not well 

defined and may Imply rndlcally dlfferent concepts to dlfferent people. We declded to caB the 

concept measured by the STREAM "voluntary movement and baSIC moblhty", and the 

followlng conceptual framework ',vas developed. 

Motor recovery Implicates a number of neurophyslologlc proce!:ses (at the cellular or 

hlstocheffilcal level). and a multltude of contnbuting factors such as: the slze and si de of the 

lesion. age, comorbid conditIons, motIvation, commUniCation, cognition, and secondary 

impalrments hke contractures or oedema. It IS very dlfticult to 5eparate out the Influences that 

these various processc!> and factors have on motor recovcry, however, fundamentally, motor 

recovery IS maOlfested by the re-emergence of voluntary movement and baSIC moblhty-- that 

2 
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I~. what we observe as a result of motar recovery 15 Improvement 10 a pattent' s abtlity to 

move. The STREAM IS inlcnded to measure these fundamentll building blacks that retlcct 

motor reeovery. and that ean be easily mea5ured ln the chnieal settlng. 

ln the eontext of physlcal rehabduauon followlng stroke (ustng the termmology of the World 

Hea.llh Orgamzauons Imernatlonal ClassificatIon of Imp3.1rments. Dlsablliues. and Handicaps). 

impainnents refer to the aetual deficils ob~erved (le. the signs and symptoms. 5uch as paresis. 

sensory det\clts and abnormal tone whlch contribute 10. or cause. motor dysfunctlon). whereas 

disablluy refers to the funcuonal consequences of the Impalnnent (such as reduced ability to 

pen'onn purposeiul movemems. transrers. walkmg. ana actlvmes or daùy liVing). The 

STREAM falls mm the C31egory or àlsablhry assessments: li IS relatell hlerarchlcally [0 other 

dlsabiliry measures ID mat Il measures DaSlC motor OIsablhry-- one step beyond the level of the 

pnmary Impauments. and one step before functlonaJ mobùlty and ADL measures. 

EXPECTED CONTRIBUTIONS 

The STREAM should: 1) streamline and 5tandardize the routine objective documentation of 

motor recovery. 2) iacllitate communication between and withm clinicat and research 

settings. and 3) provlde a useful outcome mellli~re for evaluaung the impact of interventions 

on motor recovery. By keepmg the sconng simple. and the instrument as concIse as possible. 

and by mvolvmg many :.herapists in the variolls stages of development anà testmg. we hope to 

develop an Instrument that WIll be useiul to c1mtClans & that Wlli be tncarporated mto routme 

climcal practlce ta Improve the efficlency of our mformation gathenng. By carefully 

developtng the content of STREAM. and by testmg the reliablhty. vahdlty and responstveness 

of the measure. we !-tope 10 deve-Iop a tool specltieally sUlled for evaluatmg the efficacy of 

therapeutlc Intervenhons in tenns of thelr Influences on the recovery of voluntary movement 

and basIC mobihty . 

3 
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APPENDIX 3.2.4 
Scoring Questionnaire 

IllcRse considcr Chese four scoring OI)lIons ancllndlCACe (helow) Che scOlina thnt yllU Inefer. 

OM'ION A 
1. VOLUNTARV MOVEMENT OFTIIE LlMBS 

o unohlt 10 rerfor.n Ihe test movc:ment IImlllllh an)' Yllublc ran~e (tndudes n,cler\ 
1 .hlc tu rcrfmm plnl.1 rang.: of movcment. hui requin:. UlI5LancC, .I.hlhuillin ur ~1I1'1'''lt III Lllmrldc ru: 

performs full movemeol wllh morlced dulallofi rrom norm.lr.ltem 
Z c:ompldes Ihe movemenl ln i manner Ih.ll~ c:ompol'lihll! 10 Ihe IInufTedcd .Ide 
X .cbl'lty tHlt (t:S(eJl (speclfy Il'')') 

11. BASIC MOBIUTV 
o unahle tll rerfllrm the lest mllveJlltnt 

l43 

1 uhle lu pl!rfllnn port or Ihe mllycment MLllvely. hui rl:(\lIrrc~ 'lIper\'~lnlllll lI~l\IIIIIH ""111 ln IIld III ln Indlvldnul 
10 complete ru: pcrform, .ny or .n tif the m\lvo:men\ with Inarked dtvbltlllll from I\1IT1I1UI 

l (ompkie. the mnvement IndqJendcnlly a.,d .urcly 
X .cl/VIty ont /es/ed (Sp<Clfjt Il.'')') 

OPTION 8 (4 int seale) 
1. VOLUNTARV MOVEMENT OFTIIE UMBS 

o unahle to pcrfmrn the tesl mnvcment Ihrough any vi.ihle r&n&C (inc\lIIles n,cler) 
1 ahle ln rcrform punl:!1 range nt 11IIvemcnl, hui requtres anislance, .LllllhullllO IIr hlll'l""II" 1I.mJllc\c: 
2 (K:rforms full mnvemenl, hui \VIth murkcd dcvll.lllon from norm.1 JI'ltem 
3 cnmpldes the movement IR a n IlOner Ihatl~ comparoble to the IlnafTtfltd slde 
X acûvity nol (es/eli (~pec/fy Il''Y) 

11. DASIC MODII,ITV 
o unahle ln ~rfnrm the 1t!~1 mnvemcnl 
1 IIhle 10 perfnrm Fartllf Ihe: mnvcmcnl Icllvc\y. 1>1I11C:IIIIIIC5 supuvlsilln nr uS~L,IIIJlIC '"'nI ullllld lII.n Indlvldllul 

IllcllmJllele 
2 Jlerforms any 01 ail (,f the movc:mcnl. huI wllh ml.lrktd dcvlutlnn rrom n(lrmul pllth:rn 
:\ completes the movemenl Independcnlly und ~aftly 
X .CIÎl'lly n()IIc.~,,'(J NI/xlf., IIlty) 

OPTION C (reversai or c.llre orles 1 & 2) 
1. VOLUNT ARY M 'i>VEMENT OF TUE LThfBS 

o unahle \0 JlCrform tho test movemenl throuah Iny vis1ble ranae (,"du de. nlcker) 
1 JlCrfnrmq fullmnvemeo', hlll W1lh mAr\lrd tlcvinf/n" frnrn nn",,~1 f\~"rm 
l aille 10 J'Crfl1rm pllo"ÙlI range of IOlIvemenl \\'Ilh norm.1 l'.ltem. hnl ,e'l\luc~ lh~),I,lIllc. >'JI"III.llll1n nr .''l'l'"n lAI 

complele 
;} completes Ihe movemenl III a mlnnel Ihot I~ cnmpurahle 10 the ulUllrrecled hlde 
X .c/ml)' no//e:;(w (spi!C/fy wh)'} 

Il. DASIC MODII.lTV 
o unMble \0 rcrfnrm the le~1 mllvcmenl 
1 (K:rfnrm. any or An of the: mnVement. huI wilh murked devllltlon rrom normul pllllcrH 
l uhle 10 ptrlurm polnllf Ihe mnvernc:nl a~llvely, hut reqlllru llIpenblun ur Il\.\bhenu: Il''111 ln uld tll an Indl,ldulil 

tn compleh: 
3 tompleles the movcmcnl Inllependtnlly und sorely 
X achVlty no( /r!S/c:J (6p<C/fjt ""y) 

OPTION D (any other sultable scoring scheme you would recommend III' slIggc.o.l) 

Please indicate the scoring oplion thRI yOIl prder (~ c:holce), BIIII fccl rl'cc III lulfl RUy commcnts 8<; 

Co (he reaSOfl~ fol' your cholee: 

A n C n .-!_----
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• APPENDIX 3.2.5 
Rating Form 

Please rate each of the suggested modifications iisted as to importanc~ using the foUowing key: 

1 essential: 2 very important: 3 moderately important: 4 neither important nor unimportant: 5 nftt necessary. 1 

SuaaestiOQ N. Ratin& 
1 1 2 345 
2 1 2 3 4 5 
3 1 2 3 4 5 
4 1 2 3 ~ 5 
:; 1 ~3",.5 
6 1 ~ 3 "' 5 
7 1 .2 3 " 5 
8 1 .2 3 " 5 
9 1 l 3 " 5 
10 1 2 345 
11 1 2 345 
12 1 2 3 " 5 
13 1 234 5 
14 12345 

• IS 1 2 345 
16 1 2 3 " 5 
17 1 2 345 
18 1 2 345 
19 1 2 3 " 5 
20 1 2 3 " 5 
21 1 23" 5 
22 1 2 3 " 5 
23 1 2 3 " 5 
24 1 2 3 " 5 
25 1 2 3 " 5 
26 1 2 3 4 5 
27 1 2 3 4 5 
28 1234.5 
29 1 2 3 4 5 
30 1 2 3 4 5 
31 1 2 3 4 5 
32 1 2 3 4 5 
33 1 2 3 4 5 
34 1 2 3 " 5 
35 1 2 3 " 5 
36 1 2 3 4 5 
37 1 2 3 4 5 

• 38 1 2 3 " 5 
39 1 2 3 4 5 
40 1 2 3 4 5 
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APPENDIX 3.2.6 
Follow-Up Scoring Questionnaire 

145 

Thank you. once again. for your parttcipatlOn on thls projccl of refinmg the STroke REhabllttatlon 
Assessment of Movement (STREAM)! Wc would appreclatc addltlOnal mput from you to confirm thl' 
appropriateness of the revlsed sconng of the STREAM. 

Kationale For Revised Scoring: We wanted the scoring to be as Mmple as possible. in order to faclhtate te.,1 
admInistration and to optlmlze rellabihty. We wanted the sconng to rcOcct the retum of voluntary 
movement; the level of independence and the general quality of movement should also he reflected. Alw. 
keep in mind that the STREAM is intended to be used as an outcome measure (le. concIse, l'chable ... ). 

1. VOLiJNTARY MOVEMENT OF THE LIMBS 
Sam le Items~ raises hand to touch t9j? of head; extends knee 10 sitting; dorslflexes ankle 10 siui!!.B_ .. _. _ 

Scoring: 0 unable to perform the test movement through any visIble range (include~ flicker) 
i a. able to perform ooly partial range of movement (rC<lulres assistance or stablhz.ation to 

complete) 
b. perfonns full movement, but wlth marked deviaiion from normal paUcm 
c. both a & b apply 

2 completes the movement in a rnanner that is comparable to Chr unan'eded si de 

X activity not tcsted (speci/y why) 

Il. BASIC MOBILfrv 
Sam le Items: rises to standin from sitting: takes 3 steps forwards.; walks 10 meters .... 
ScOling: 0 unable to perfonn the test acnvity through any vlslble range (minimal active participation) 

1 8. able to perfonn only part of the activlty 
b. able to perform any or ail of the activlty, but wlth markffi deviation from Jlonnal 
c. both a & b apply 

2 requires an aid to complete the actlvity independently and safrly (mcludmg orthotlc!) 

3 completes the acnvlty independently And safely with no aid 1 

X actH'1ty not tested (speC}-={Y,--wh_y::..;) __ _ 
- -------

Please select (circle) the statement which best describes how you feel about the revlsed sconng: 

1) acceptable as is 
2) acceptable with minor changes surb 85: ___ _ 

3) requires major changes such 85: ___________________________ _ 

Please fax this form fo me at the School of P&OT (FAX Il 398-8193), ali 500n a,> IS conveniently pos'ilblc for 
you (we are awaitmg your reply before going ahead with the rehablhty st'Jdy). If you have any questtom. or 
reqUire further information, please contact Kathy Daley @ 286-0844. 

Thanks sincerely. Kathy Daley 
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• APPENDIX 3.3 

Characteristics of Concensus Panel Participants (N = 20) 

Panel Service 1 caselo:~ 1 # of Stroke Patients Years of Experience 
Area. Ass~~d in Past Year Physio (Stroke) 

, -
Acutc Mixed <10 12,5 (7.5) 

Acule Mixed 10-30 18 (3) 

II Acute Mixed <10 17 (17) 

Il AClltc NClIro 10-30 12 (12) 

Il Acute Neuro 10-30 4.5 (2.5) 

ln-pt rehab Stroke 10-30 8 (3) 

In-pt rehab Neuro <10 5.5 (4) 

ln-pt rehab Stroke 10-30 9 (3.5) 

ln-pt rehah Neuro >30 28 (20) 

ln-pt rehab Mixed <10 13 (10) 

ln-pt rehab Mixed 10-30 16 (16) 

• ln-pt rehab Neuro >30 20 (10) 

Il ln-pt rehab Stroke 10-30 7 (6) 

Il ln-pt rehab Mlxed 10-30 2 (2) 

Il ln-pt rehab Stroke >30 4 (2) 

Out-pt rehab Neuro >30 32 (17) 

Out-pt rehab Mixed 10-30 5,5 (3) 

Il Out-pt rehab Neuro >30 24 (10) 

Il Day Ho~pital Mixed 10-30 5.5 (3.5) 
II LTC Neuro >30 10 (4) 

• 
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APPENDIX 4 

Panels One and Two' s SuggestiollS; 
Decisions Made and Rationale 

147 
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TABLE OF CHANGES SUGGESTED BY FIRST CONCENSUS PANEL 

'RallOI ~ 
importA 01 

(N=11) 
ITEM UNDER CONSIDERATION DECISION lit RATION~E 

10 

10 
10 

9 

9 
9 

9 

9 

Funcùonal UIE laSk (el. reac" & 1r2Sp) h ennuenced by nealeel elc. (would USé: specificJdellÙled UJE auessment) 

IJund !femJ (,radtxl: plnI,11 ~J1 ) 1 ... ; improved IeftlÏlÏYÏty 

w..lh'ng items (p7Id«J: 'step 10'/ 'Slep lhrou.h') f+; scoritt& chanpd (include '~u.alIl.lltive·/nw-bd deviabon) 

juteœ Side fle.IOft IR SltUn, (trunk comroi) -; trunk control OO'V'ered lJl Item 'JUChlog CO me noor 
Mamwn knee poSlllon in ln crooklyms -; toven!d IR 'bendang hlp and bu an suplne', and 'bndgln,' 

IBndgln& + ~ fundamenl.lll fUf hed mob~hty 

,"oldmg um vertical '" supme ~-~ d.mcult 10 standudlU (.e. stablhz.allon or elbow, faclhtatlon, etc ) 

/MOvlng from lym3 to sutmg 1+; fundamental for funcllonaî moblilty 1 trunk control 

9 10pp0se thumb 10 inckx finger 

1 I~ .humb to Mtle finger 

.. ; more specifie ahan OPP(ulliOn to .. II four finlen (graded dlfficuhy) 

+; more speC1fle \han OppoSllIon to all four finsen (graded dlfficulty) 

8 ~Reach forwud-sldeways ln siuinz 

6 oU to unaffected suie 

6 011 100 affected sicle 

S IRAl5e arm in supine 

S Longer walk (50· ( lSm) 

S Uleœ reach (slttmg balance) 

4 rook-Iying ltnees side-tcHlde 

3 andem standing 

3 and 10 'ptWateral Ut 

3 1ùm ~ degrres 1ft st.ndmg 
2 rting umuppotteJ (change 10 > J nunute) 

1 bductJon of \inaffected lei 

-, dlfficult tG ~Ile. slttmg b~l"oce rovered ;n 're4lchmz 10 lhe 1100r' 

+; fundamentaJ for functlonal moblhty 1 trunk conuol 

+ ~ fundamenlal for func,.onat moblhty 1 trunk control 

- more funchonal in $lttlng 

-- endurance may be laml'mg factor (wollid use simtd walk Instrad) 

- dlfficult 10 slandardue; slthng baJi.nce rovered IR 'reachlng 10 noor' 

- covert:d IR 'roUin,' and 'movlng suplne ln sil' 

- not funcuonal; would 115e specifie balance asseument 

+; m()(bfied 10 'loUCh forehead' mSlead of ur (higher Itvel) 

+; funcnonal xtivity 
- If cal. SIl 60 IeCOnds can pu>biably sil longer 

-; covered ln functionaJ mot>lhly Item 'slepplnlt Sldeways 10 unarrected Slde' 
DECISION KEY: + == ADDED OR itETAINEDi - =< DELETED, NOT ADDED OR llNCIIANGED 
"ALles = EXlS1JNG nF.M &JJNG RECONSIDEREO 

• 

... 
00 
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TABLE OF CHANGES SUGGESTED DY SECOND CONèENSUS PANEL 

'Ralin, As 
Important 

(N=.9) 

9 

7 

7 

6 

6 

6 

6 
fi 

5 

4 

4 

4 

3 

J 

.l 

.l 

) 

1 

o 

ITEM UNDER CONSIDERATION 
1 

Su unsupported (30 seconds) 

Stand (JO seconds) 

Reach -.vith unaffected hand 10 affecl~.d fool 

Hold heac' up ln lIUtng 

Keep hand on "IP 

KnN: Oeuon ln standmg 

Jupille 10 51110 OOlh sldes (11+0 Iltmf) 

MaJOlam half crooklymg 

Rollmg (clanfy JMltem) 

Place hand on knee (from phnlh) 

Plck up pen and place Il pOlsed 10 wnle 
Place twld or. oppoSite shoulder 

Trunk rotation (suplOe) 

1 Trunk rotatIOn (5Itung) 

1 S/iJIIS (Sl'll.u:Jll' 'alfNnaflflg'/'lIon .11/l'rna/mg') 

1 Sl4lnJmg 10 slllIng 

1 

SI! 10 stilnd (!'J1hQJJ[ UStng hilnds or armrestJ) 

\llisl l'flens/on Wllh fingn eC1enslOn 
1 

Oppose thumb 10 Imle fingu 

Neck iOta!IO 1 ln suplne 

LI(I hl'..Ild up ln suplne 

Trunk rotàuon (SIMldUlg) 

DECISION & RA TIONALE 

t; fundamental for moblilly ln sllImg 

+; fundamental for moblh!y 10 5tandmg 

simllar 10 Item reachlog 10 uoaffeclr:d fool 

eJ.lremeiy low leve\ 

annuenced by neglecl, ~n~lIon, clolhlOg, elc. 

+; Ilem rewned (umque lIem. sdecllye movemenl) 

10 ellher slde acceptable (mlnlllllZt'5 eHeel of neglecl) 

t, low level acllVlly for !JE (hlp roury control) 

+, not (lullmg wllh hands (\lSang Imnk versus upper elliremiues) 

cou Id lovolve cümpens.;lIory ~pular elevallon 1 lrunk sldf! bend 

IOvolves OO8Olllon, perceptlOll, sensation, elc. 

simllar 10 Item 'hand 10 10p of head' 

, covered 10 suplOe moblhiy lIems 

covrrtd 10 sllIlng moblhly Items 

w(Juld (csuh 111 e~CC\\I\lC w('I~ht for \Ialr cllmhang 

, coyered 10 sil 10 st • .IllJ 

t, musl nol push oH for full marh (hlgh level aCllv,ty) 

.. 100 much welght on hlgh leyr:! llll: actJvlly, hmlled by ROM 

-- 100 much wtlghl on hlgh level ll/f: aC(lvlly, nol (uncllonal 

, 100 low level. lamlled by ROM 

_. 100 low level 

, covered ln sundlng moblhly \lems, dlfficulc 10 standardlu 

o 1 fup ~bd&la/On ln mndlng ( .. !katd s/de) 1 +, hmued number of UE Ile ms, unaque 1 selecllve 1 hlgh level 

DEClSION KEY: + = ADDED OR RETAINED; -::; DEU:n:D, NOT ADDED OR UNCIIA~GED 
1T4UCS = f.'XISTING TIF..M BE.ING RECONSIDERED 

• 

----< 

.... .c, 
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APPENDIX 5.1 
Consent Forms for Participation in 

The Direct Observation Reliability Study 

Testing the Mea~urement Properties of the 

Stroke &babilitation Assessment of Movement (STREAl\-O 

150 

Researchers at the Jewish Rehabilitation Hospital. in collaboratIOn with researchers at McGill 

University. are conducting a study on how people regain the ability to move the arm and leg after a 

stroke. We are asking you to partJclpatc in this study. If you agree to participate. wc will ask you 

to 1er a speclally trained physlcal therapist evaluate how weil yau can move your limbs and carry out 

other aCtlvltles hke stanwng and walk:ing. At the same time. another therapist will observe. The 

evaluation will take less than one half hour of your rime and W111 be done outside of your regular 

therapy 'tim\~. 50 that there will he no interruption of treatment time. 

An information col1ected in this study is strictly confidential. This means that your name 

will never be identified in any publications or presentations of the findings of this research. Whether 

you agree to p-articipate or not will not affect your treatment or any ather aspect of your stay here. 

ln addition, if you agree to participate and later change your mind, you may withdraw from the 

study without any negaove consequences to you. We wauld also like to make clear ta you that your 

participation in this study is to benefit research and, while ID the future it may help other patients 

with strakes, il will not benefit you direcüy. Any questions or concems you may have about this 

study may be directed to Kathy Daley (phone 286-0844), or ta Martha Visintin through the research 

department al me Jewish Rehabilitation Hospital (phone 688-9550). 

1 understand what is required of me, and 1 agree to participate in this study. 

Patient's signature: ____________________________ _ 

Wltness: ------------------------------------------.------------
Date ___________ _ 
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FORMULAIRE DE CONSENTEJ\.IENT 

STREAAI 

Les chercheurs de l'Hôpital Juif de RéadaptatlOn, en collaboration avec des chercheurs de 

l'Université McGill effectuent actuellement une recherche portant sur la récupération de la mobilité 

du bras et de la jambe suite à un accident cérébro-vasculaire. 

Nous sollicitons votre parnClpatlOn à cette étude. Si vous acceptez d'y parnclper. nous vous 

demandons de pennettTe à un thérapeute qualifié d'évaluer la façon dont vous faites certams 

mouvéments et certames aCDVltés. telles que la marche et ~.utres actiVItés en poSt Don debout. Un 

second thérapeute sera présent lors de l'évaluation seulement puor observer. Cette évaluation 

prendra moins de 30 minutes de votre temps et se fera en dehors de votre temps régulier de thérapie, 

afin que vos heures de traltements ne soient pas mterrompues. 

Toutes les informations recueillies au cours de cette étude seront stnctement confidentielles. Votre 

nom n'apparaîtra jamais dans aucune publication ou présentation portant sur les résultats de celte 

étude. 

Votre participation à cette étude est voiontaire et vous pouvez en tout temps vous retirer sans que 

votre retrait affecte votre traitement à l'hôpital. Nous désirons également souligner que vous ne 

bénéficierez pas directement de cette étude mais que votre participation pennettra dans l'avenir aider 

d'autres personnes ayant subi un aCCIdent cérébro-vasculatre. 

Si vous désirez obtenir de plus amples détaIls ou des informations addinonnelles concernant crtte 

étude, n'héSitez pas à communiquer avec Kathy Daley (286-0844), ou Martha Visintin à l' Hôpital 

Juif de Réadaptaion (688-9550). 

Votre signature apposée ci-dessous indique que vous avez lu, ou qu'on vous a lu ce document, que 

vous le comprenez et que vous consentez à participer à cette étude. 

Signature du patient: ___________ . ________________ _ 

Représentant des chercheurs: __________________________ . 

(témoin) 

Date ___________ _ 
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APPENDIX S.2 
Authorization for Photographs, Films, Audio Cassettes, and Videotapes 

1. __________________________________________________ ___ 

Authorize the hospital _____________________ _ 

To make: 

Photographs 

Films 

Audio Cassettes 

Videotapes 

Other (specify) 

and 1 authorize the researcher to use or publish the se films for scientific or educational 

purposes. with the condition that ail reasonable precautions will be taken to preserve 

myanonymity. 

1 howe\'er put forward the following restnctlons (if any reservauons): 

Signature of patient Date 

Wltness Date 
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Autorisation Pour Phothographies. Films. Enregistremenl~ Sonores. 
Enregistrements Sur Bande Magnétos('opique et Autres 

Je. soussigé __________________________ _ 

Al!tonse le centre hospnaher ____________________ _ 

À faire les: 

• Photographies 

Films 

EnregIstrements sonores 

Enregistrements sur bande magnétoscoptque 

Autres (préciser> ___________ _ 

et je autonse les chercheurs à utiliser et à publier ces films médicales. sCientifiques et 

éducauves. à la condition que des précautions raIsonnables SOient pnses pour que SOit 

conservé l'anonymat. 

J'émets cependant les restnctlons SU1vantes: 

Signature du patient Date 

Témoin Date 
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APPENDIX 6 

Documents from 
The Reliability Studies 
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APPENDIX 6.1 
Scoring Form: test version of STREAl\1 

~Ore$UPINE 
1. PROTRACfS SCAPULA IN SUPINE 

/2 -lill )'Our shoulder bJatk so that )'Our hand lOO~s towards the œiling" 
Note: therapist stabilizes ann with shoulder 9()0 flexed and elbow extended. 

~. EXTENDS ELBOW IN SUPINE (starting with elbow fully flued) 
/2 -Lin )'Our hand towards the cei/mg, straightening your e/bow as much as )'Ou can-

Note: therapist stabitiz.es arm with shoulder 9()0 flexed; strong associated shoulder extension 
and/or abduction = marked deviation (score la or le). 

~. MAINT AINS AFFECTED LEG IN HALF CROOK L YlNG POSITION FOR 10 COUNTS 
-Keep your Jeg in tbis position KhiJe 1 count to len" 

/1 Notœ: therapist places patient in hatf erook Iying (ie. hip and lenee flexed, with foot flat 
on support surface, with hip in neutral rotation) and holds foot in place; if unable to maintain 
the lenee steady for a count of ten = marked deviation (score la if able to partially correct knee 
position, but not to midline; le if able to repeatedly correct 10 midline position). 

~. FLEXES HIP AND KNEE IN SUPINE (ATIAINS HALF CROOK LYING) 
Il -Rend your bip and lenee.w that )'OUI foot rests fiat on the bec/" 

~. ROLLS ONTO SIDE (starting from supine) 
/3 -Rol/ onlo your side· 

Il 

/3 

/3 

Nole: may roU onto ~ side; pulling with arms to tum over = aid (score 2) 

SIDE LVING (OD uoafl'eded side) 
~. ABDUCTS AFFECfED HIP IN SIOE L YING 

-Lill your fOOt up to here (therapist ho/ds hand approximate/y 20 cm abo.e 1001), keeping your 
hip Il krltC straight and your pelvis perpendicu/ar 10 the bed-
Note: unaffected leg is partial!y flexed to assist balance. 

~ROOKLYING 
~. MOVES KNEES SIDE TO SIDE IN CROOK L YING (TRUNK ROTATION) 

"Keep your Imces logethtr and /oMer !hem as fâr .lS )'Ou can o.er fO one side, then o~r 10 the 
other sicle, and œtum them to the middJe; ~p your shou/den FeStiJ1g on the bed" 
Note: active movement to b2lb. sides must he fulJ (comparable to passive rotation) to obtain full 
marks; if requires aid (externaJ or from therapist) to maintain Imecs together :0:: aid (score 2) 

~. RAJSES HIPS OFF BED lN CROOK L YING (BRlDGING) 
-lill your hips ilS high as)'Ou can· 
Note: ther.lpist may stabilize foot, but if knee pushes strongly into utention with bridging = 
mz.rlced deviation (score la or le); if requires aid (elttemaJ or from therapist) to maintain mecs 
in midline = aid (score 2) 

/3 ~. MOVES FROM LYING SUPINE TO SITTING WITII FEETON THE FLOOR 
-Sil up and place )'Our feet on the Ooor" 
Note: may sit up to ~ side using any functionaJ and safe melhod; longer than 20 seconds == 
marked deviation (score la or le); pu)ljng up using bedrail or edge of plinth ::: rud (score_2<--~ 
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~ITIING (reet suppor1ed; hands restlna on pUlow on lap for Items 10-21) 

13 10. MAINTAINS ERECT SITnNG FOR 20 COUNTS 
"Sil as straight as you can while 1 countlo t.wnly" 
Note: holdmg on Wlth hand(s) = aid (score 2) 

12 II. SHRUGS SHOULDERS (SCAPULAR ELEVATION) 
"Shrug your shoulders as high as you can" 
Note: both shoulders are shrugged simultaneously. 

Il 12. RAISES HAND TO TOUCH TOP OF HEAD 
"Raise your hand 10 touch the top o/your head" 

13. PLACES HAND ON SACRUM 
12 "Ruch behmd your back and as far across toward the other sidc as j'Ou canIf 

12 14. RAISES ARM FORWARD TO 90° OF FORWARD FLEXION 
"Reach your aTm straight oui in /Tont o/you 10 horilDnœl" 

12 15. RAISES ARM OVERHEAD TO FULLEST ELEVATION 
"Reach )vur hand as high as you can towards Ihe ceiling" 

Il 16. RAISES ARM SIDEWAYS TO 90° OF ABDUCTION 
"liR your arm sidev.-ays to horiZDntal, lœeping your elbow straight" 

17. SUPINATES Mm PRONATES FOREARM WITH ELBOW FLEXED AT 90° 
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12 "Keeping }'Our elbow bent and close to your side, tum }t'ur lôrearm O1oer so that your palm faces 
up, then lurn your forearm o.er so Ihal )'Our palm faces dOM1" 

12 

12 

18. CLOSES HAND FROM FULL Y OPENED POSITION 
"Malœ a 651, lœeping )Uur Ihumb on the outside" 
Note: must extend wrist slightly (ie. power grip with wrist cocked) to obtain full marks. 

19. OPENS HAND FROM FULL Y ClOSED POSITION 
"Nowopen your hand ail the way" 

~o. OPPOSES THUMB TO INDEX FlNGER (tip to tip) 
12 "Make a circle Mth your thumb and index 6nger" 

~I. EXTENDS WRIST AND FINGERS 
12 "Keeping your IOrearm resting on the piJJow, liR }'Our hand and straighten )'Our 6ngers" 

~2. FLEXES HIP IN SITI1NG 
12 "LlR your knce as high as you Céfn" 

~3. EXTENDS KNEE IN SITTING 
12 "Straighten your mec by Jilling your IOOt up" 
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24. FLEXES KNEE IN SITIING 
/1 "Slide )'Our foot baek under )'Ou liS làr liS you can" 

Note: start with affected foot forward (hcel in line with toes of other foot). 

25. OORSIFLEXES ANKLE IN SITTING 
Il "Keep )'Our heel on the ground and Ml }Uur tocs off the floor as far as)'Ou can" 

;26. PLANTARFLEXES ANKLE IN SITTING 
Il "Keep )'Our toes on the ground and lill your heeloffthe Door as br as)'Ou can" 

Il ~7. EXTENDS KNEE MID DORSIFLEXES ANKLE IN SITTING 
"Straighten )'Our knee and bring )'Our toe.~ to~rds you" 
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/3 

28. REACHES FORWARD TO TOUCH UNAFFECIED FOOT WITH UNAFEECTED HAND 
"mth your strong hand, rcach down and touch )'Our fOol on the same side" 
Note: pushing up with hand(s) to retum to sitting = aid (score 2) 

;29. RISES TO STANDING FROM SIITING 
"Stand up; Ir)' to tJlJœ equal K{:ight on bath Icgs" 
Note: pushing up with hand(s) to stand = aid (score 2) 

/3 

STANDING 
~O. MAINT AINS STANDING FOR 20 COUNTS 

/3 "Stand on the spot whilc 1 rount to IMenty" 

STANDING (holding onto 8 stable support to assist balance for Items 31-33) 
/1 31. ABDUCTS AFFEC'JED HlP WlTH KNEE EXTENDED IN STANDING 

"Keep your lence slralghl and )'Our hips lette!, and raise )'Our leg to the sidc" 

Il ~2. FLEXES AFFECTED KNEE W1TH HIP EXTENDED IN STANDING 
"Keep )'Our hip straight and bend )'Our Imee back; bring )'Our hecl tOWBrds )'Our bottom" 

/1 33. DORSlFLEXES AFFECTED ANKLE IN STANDING WITH KNEE EXTENDED 
"Keep )'Our heel on the ground and lift your tocs off the Door as far 115 )'OU can" 

~T ANDING AND WALKING ACTIVITIES 

3 
~4. PLACES AFFECTED FOOT ONTO RRST STEP (2[ onto stool approximately 18 cm high) 

l "Lift )'Our foot and place it onto the lirst step (or stool) in front ofyou" 
Note: returning the foot to the ground is not scored; use of handrail = aid (score 2) 

35. TAKES 3 STEPS EORW ARDS (one and a half gait cycles) 
/3 "Talœ three average shed steps fOrv.ards, placing one IOot in front of the other" 

:36. TAKES 3 STEPS BACKWARDS (one and a half gait cycles) 
/3 "Take three average si27Xl steps backwards, placing one foot bchind the other" 
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• ~7. TAKES 3 STEPS SIDEWAYS TO UNAFFECTEP smE 
/3 "Tau three average sized steps sideways lowards your .f'rong sidc" 

~8. TAKES 3 STEPS SIDEW A YS TO AFFECTED SIPE 
/3 "Talte three B vt:rage sizr:d sleps sideways lowards your Kt"ak sidc" 

~9. MDV ES FEET TO TURN BODY 90" TOWARDS UNAFFECTED SIDE 
Il "Tala: sleps to IUTn 9<t on the spot tov.ards )'Our sirong sidc" 

140. MOVES FEET TO TURN BODY 90° TOWARDS AFEECTEQ SIDE 
/3 "Tala: sleps fo lurn 90° on the spot lowards j'Our n-eak side" 

141. WALKS JO METERS INDOORS (on smooth, obstacle Cree surface; within 20 seconds) 
/3 "w.,lk in a straight /ine o~r to ... (a specificd point JO metcrs away) " 

Note: orthotic=aid (score 2); longer than 20 seconds =marked deviation (score le) 

~2. WALKS lœ 3 STAIRS Al.;ERNATING FEET 
/3 ~WoiJk up three stairs; place onJy one JOOt al a lime on each slep ifyou can" 

Note: handrail=aid (score 2); non-altemating feet = rnarked deviation (score la or le) 

143. WALKS DOWN 3 STAIRS ALTERNATING FEEr 

• /l "W-ilk down thrce stairs; place only one JOOt at a lime on each srep ifyou can" 
Note: handrail =aid (score 2); non-altemating foot = marlced de· .. iation (score la or le) 

• 
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APPENDIX 6.2 
Therapist Profile 

PLEASE PROVIDE US WITH THE FOLLOWING INFO~\1A TION: 

Name (will remain confidentiall: 

Phone 1( (li) 

Place of Emplovment: 

CUITent Service Area: 

159 

i) Staff Tberapist_ Senior_ CUnical Speciallst_ Other _______ _ 

ii) Acute Care_ ln-patient Rehabo__ Out-patient Rehabo_ LTC_ 

Other (specify) ______ _ 

iii) General (Mixed Caseload>_ l\1ixed Neuro Stroke Service_ 

Other _____ _ 

Number of StrQke Patients Assesgd in the Past Year: < 10 

Years of Experience (to closest 1/2 vear): 

ln cun"ent sen;ce area 

ln stroke related service 

Total (as a physio) 

10-30_ >30_ 

Trainine: BScPT__ Otber (specify) _____________ _ 

University whçre De&ree OlllillDed: _______________ _ 
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APPENDIX 6.3 

INSTRUCTIONS FOR RA TERS 

TIIANK VOU! for your participation in this study to evaluate the reliability of the STroke 

REhabilitation Assessment (If Mt:'·"e.nent (STREAM). You will he asked to rate 4 subjects using the 

assessment forms provided. YOUI" individual ratings will remain confidenlial. 

Please rate each patient on the sheet provided (the subjects' number will be given al the 

bcginning of each lapcd ~cssion; each sheet is labelled with a corresponding subject number). 

Please score each item for each patient according to your understanding of the directions for scoring, 

and based on what you see the patient perform on the tape. 

You will have only one opportunity to view each taped session. No discussion or 

explanations will be given while the tapes are being viewed, as we want to assess how the 

STREAM items are mterpreted by each individual. In the videotapes the items have been assessed 

in the same order as presented on the fonn. There will be a short break after viewing the firc;t two 

subjects. 

TIlANKS AGAIN for your valued expertise! 
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APPENDIX 7 

Characteristics of Raters Participatin~ in tht' 
Direct Observation Reliabmty Study 

Service Casl'Ioad # of Strok(' l'atieut ... Yea~ of Expt.'rit.'I1(,{' 
Area AS~~SM~d in Pa~t Y C~lr Phv!o.iu (Strokc) 

Acute Neuro 10-30 4.5 (2.5) 

ln-pt rehab Strokc >30 4.5 <2.5) 

ln-pt rehab Mlxed >30 2 (2.5) 

In-pt rehab Neuro >30 4.5 ( 1.5) 

ln-pt rehab lirai n in jury <10 9 (3) 

Mixed (grad student) Neuro 10-30 3.S (3.S) 
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APPENDIX 8 

Test Mannal 

ST roke REhabilitation 

Assessment of Movement -
(STREAM) 
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School of Physical and Occupational Therapy 
Davis House, McGilI University 

3654 Drummond, Montreal, PQ, 
H3G lYS, Canada 

Pbysiotherapy Depar1ment 
Jewisb Rehabilitation Hospital 

3205 Aiton Goldbloom, Chomedy, PQ, 
H7V lR2, Canada 
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APPENDIX 8.1 
Background Information 

BACKGROUND OF STRF.AM 
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'The original STREAM was developed in 1986 through a collaborative effort between researchers and 

physical and occupational theraflist~ at the Jewish Rehabilitation Hospital (JRH), C'homedy-Laval, 

Quehec. The items included in this original instrument were selected from cllnical experience and 

from existing publi~hed a~c;essments (Ashbum, 1982; Bobath, 1978; Brunnstrom, 1970; Fugl-Meyer, 

1975). The STREAM has sincc been revised through studles conducted hy researchers al McGill 
University and the JRH. Content validity, and preliminary reliability of STREAM, have been 

established, and c1inical use of the instrument is supported. 

INTENDED PURPOSE & SCOPE 

The purpose of the STREAM is to provide a relatively comprehensive, standardi7.ed, objective and 

quantitative clinicat measure of the motor function of !itroke patients. Il is designed to he used by 

physiotherapists fot' monitoring motor l'e('overy, and for e.c:!-.. ating the Impact of theraples, such 

as physical therapy, medical and pharmaoologic interventions, etc. on the motor recovery of strokt, 

patients. The STREAM is intended for uc;e a" an outcome mea~"dre for motof recovery-- it Îe; not 

intended for use as an assessment tool for diagnosls or treatment planning, if used in isolation. 

STREAM may, however, be u!ïed in conjunction with measure<; of spac;ticity, ROM, sen .. ation, 

balance, functional independence in ADL, etc. to obtain a more global profile of a patient's physical 

function. 

The STREAM is designed to be suitable for evaJuating stroke patients with motor deficitc; ranging 

from mild to severe. The test items repres.ent gradations of difficulty, to allow discrimination 

between patients with diffcring levels of motor impairment, and to monitor an individual's motor 

recovery over time. The items included in the STREAM cover a wide range of motor actlVÎtlec; that 

are typically assessed by physiotherapist!> for the purpose of evaluating the motor status of stroke 

patients, specifically voluntary rnovement of the limbs and haçic mohility. The item .. ac;..ec;~ing 

lirnb movement patterns are intended to provide a profile of basic motor status (motor recovery in the­

l1mbs); the remaining items give a more functional picture of motor recovery, a<;c;e<;~lOg SImple motOf 

tasks which require the integrated movement of trunk and "mbs. 

Since the focus of STREAM i5 the a<;'\es~ment of movement recovery (:\pecifically !II<J1Q!: ahihty), the 

items inc1uded in the STREAM have been limlted to simple movelllcnts and ;lctivities. In an attempt 

to minimize the confoundin6 effects that variable,; other than motor recovery, ~uch ac; cognition, 
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• perception and communicatio", have on the mea\urement of motor statUli. liOme of the mohility 1tem~ 
(rolling and moving from supine to sitting) may he performed to ~ side. Similarly, only simple 

one or two 'tep commands are used, and May he supplemented by demonstration to facilitate 

communication. 

• 

• 

The STREAM has intentionally been designed such that a minimum of equipment is utilized, in order 

to improve the portability and dinical utility of the instrument. STREAM is also brief (10-15 

minutes) and easy to administer. 

SCORING 

The scoring of STREAM is designed to be objective and quantitative, 50 that a high reliability or 

reproducibility of scores should he achievable. A number of scoring schemes or dimensions were 

incorporated, including scoring with respect to: the degree of assistance required or level of 

independence, active range of votuntary movement possible, and quality of movement. We wanted 

the scoring to he as simple and unambiguous as possible so that, after reading the instruction booklet, 

therapists would be able to carry out the testing accurately and easily using only a short scoring form. 

Space is provided on the scoling fonn for documenting a patient's STREAM scores on four 

occasions. 

For functional purposes, il is essential that a patient i~ able to perform an activity independently and 

safely. In sorne cases, however, variahles such as cognition and perception may play a greater rote 

th an motof reœvery in a patient' 5 functional ahility. Thus, on STREAM, a patient will he given full 

credit for their perf01mance, even if they require supervision due to cognitive or perceptual deficits, if 

they have the JI1521QLa.bility to achieve a given task. To test a patient's fim.c;1iQnal independ.e~, 

where the contributions of motor, cl'lgnitive, and perceptual functioning are considered 

simultaneously, other more sui!able measures shoutd he selectoo. 

The STREAM inc1udes a total of 30 items, with 20 items assessing limb movement patterns (10 for 

the lower extremity and 10 for the upper extremity) and 10 items assessing basic mobility. The 

STREAM's scoring s.cheme, whlle remaining simple to preserve reproducibility, provides infonnation 

as to both the amount and qualuy of movement. A three point ordinal sca1e is employed for scoring 

voluntary movement of the limbs; a patient is scored 0 if unable to perform the test movement, i if a 

movemenf cao be only partiatly completed QI if the rnovement is perfonned with marked deviation 

from Cl normal pattern when compared to the unaffected limb, and 2 if able to complete the movement 

in a manner that is qualitatively and quantitativdy near normal. Scoring category 1 is divided into 

three sub-categones: la for rnovements performed only partially and in an abnormal p2ttem, lb for 

movement!. perform/;'Ai only parrially but with a normal pattern, and le for movements performed 

completely but with an abnormal pattern. The same scoring scheme is employed for the basic 
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mobility subscale, except that a category has been added to allow for independence with the help of an 

aid. If a test item cannat he pcrformed due to pain or limited passive range, or if a movement or 

activity is limited because of other reasons such as perceptual or cognitive deficits, arnputuion, 

impair'!d vision, etc. then this must he indicated by scoring an X and indicaling the reason. Details 

are provided in the specific directives for scoring STREAM. 

CONCEP'fUAL FRAMEWORK 

In devising a clinica! instrument to measure motor recovery. a number of aspects have to he 

considered. 5uch as: the domains to be inc1uded, the methods by which these are assessed, and the 

uses and populations for which the measure 15 appropriate. Fint, motor recov~ry must he 

conceptually and operalionally defined. However, given the complexity of motor performance in 

terrns of the number of factors that potenllally influence motor recovery ar,d functional performance 

following strokes, defining and measuring this phenomenon presented a c".allenge. A vanely of terms 

could have becn used to describe what the STREAM endeavors to measure, inc1uding: motor 

recovery, motor ability, motor function, functional motor recovery, motor performance, motor 

control, motricity, and motor output. Unfortunately, many of these terms are not weil defined and 

may imply different concepts ID different individuals. We seiected the terms "voluntary movement 

and basic mobility" to describe the attributes measured by the STREAM, and the folbwinR conceptual 

framework was developed. 

Motor recovery implicates a number of neurophysiologic processes at the cellular level. In additton, 

factors such as the sir-e and side of the lesion, age, comorbid conditions. motivation, communication, 

cognition. contractures and pain impact on motof recovery. Although it 1S very difficult to separatt 

out the relative influences of the se various proces~s and factors. motor rec()'\,ery is manife~ted by the 

re-emergence of voluntary movement and fFstoration of basic mobility. Therefore, lhe STREAM i5 

intended to measure these fundamental building blocks that renect motor recovery, and that can he 

easHy measured in the clinicat setting. 

In the contex.t of physÎc.a1 rehabilitation following strolee, impairments refer to the primary deficits 

observed such as paresis, sensory deficits and ab normal tone which contribute to, or cause, motor 

dysfuncrion, whereas disabtlity refers to the funclional consequenœs of the impairment such as 

reduced ability to perform purposeful movements, transfers, walking, and activitics of datly living 

(World Health Organization, 19&0). In this framework, the STREAM is. related hierarchtcally to 

other measures of impairments and disabjJjties in that it is im\.:nded to me<\sures basic motoT ablhty -

one step beyond the level of the plimary impainnents, and one stcp before functional mobility and 

ADL measures. 
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EXPECTED CONTRIBUTIONS 

The STREAM should: 1) streamline and standardize the routine objedJve documentation of motor 

reœvery. 2) facilitate communication between and within c:Unlc:a1 and research settings. and 3) 

provide a useful outcome measure for evaluating the impact of interventions Ort motor recovery. By 

keeping the CjC()ring simple. the instrument concise. and by involving many therapists in development 

and testing. wc hope wc have produced an instrument that will he useful to clinicians, and that will be 

inc.orporated into routine c1inical practice to improve the efficiency of infonnation gathering. We also 

hope that. by carefully dcveloping the content of STREAM. and. following funher testing of the 

reliability, validiiy and responsiveness of the measure. STREAM wiH he a useful resear~h tool 

specifically suited for evaluating the efficacy of therapeutic interventions in terms of their influences 

on the recovery of voluntary movemenl and basic mobility following stroke. 

STAGES OF DEVEWPMENT 

The process of scale development is an ongoing enterprise. The first stage of this project, involving 

content validation. preJiminary reliability testing, and internal consistency analysis is now complete. 

As a first step in this project, we carriC".d out a content verification survey to assess the broad 

acceptabîlity of the STREAM. A~ a seœnd step, the STREAM was presented to ~vera1 panels of 

physiotherapists, who revised the instrument base.d on their collective clinical eltperience. Inler-rater 

reliabitity was assessed by comparing scores on STREAM made by direct observation of patients in 

the c1inical setting, as well as through use of vidcotaped assessments of patients. Intra-rater reliability 

was a1so assessed using videotaped patient assessments, viewe.d on two occasions. Reliabihty was 

excellent both within and between raters; generalizability oorrelation coefficients (GCCs) for totaJ 

STREAM scores were 0.99, and ranged from 0.963--0.998 for the subscalc scores, for bot.h the direct 

observation and videotaped assessments reliability siudies. For individual items, Kappa statistics 

c1ustered in the range from 0.8 to 1.0, with ooly one of the 30 items demonstrating less than excellent 

agreement. Internai consislency was excellent, wit~ Cronbach's Alphas of greater than 0.98 on 

subscales and total scores. Stages to foilow will inelude fllrther attention to content and construct 

va1idity through statistical analysis of the principle components of STREAM, as well as JongitudinaJ 

studies to assess the responsiveness of the instrument. 

For further inronnatioD contact the STREAM R~rch Group: 

Kafhy Dült'y, Dr. Nancy Mayo, Dr ~h8ron Wood-Dauphlnee, @ School or P&OT, McGiII 

Martha Visintio, Rosslyn Cabot @ JRH 
------~----------------------~ 
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APPENDIX 8.2 

fd'neral.lnstructions for Using the STREAM 

1. The patient should be in hislher usual state of attention and health. 

2. The patient should be dressed in clothing that does not restnct movement, and that allows the 
therapist to observe the movement c1ta.rly (eg. shorts and T-shirt). Comfortable walking shoes or 
the patients usual footwear should be worn when testing the activities perfonned in standing. 

3. Instructions (italics on scoring form) should be given verbally, demonstrated and repeated to the 
patient as necessary. FOf the items testing voluntarf movement of tile limbs, ask the patient to 
perform the movement once with the unaffected side. This allows you to observe the patient's 
compreht'nsion of the test item, and the available range and movement pattern on the patient's 
'unaffected side'. 

4. If the patient's sitting balance is precarious, they may he seated on a chair with back support while 
œsting items performed in sitting (items Il 7-21). 

5. Therapists may assist the patient to maintain standing whi1e perfonning items Il 23-25. 
Stabilization of the arm (items 1 & 2), and foot (item 5) is pennitted where specified. 

6. Therapists may assist the patient to achleve the starting positions specified. However, no hands-on 
facilitation of the limb movements should be given; if support or partial physical assistance (exc,cpt 
as stated above in instructions 4 & 5) is requiroo for performance of the mobility items, the patient 
is given a score of la or lb. 

7. If neccssary, the patient is pennitted three attempts on each item and the best performance rerorded. 

8. The items should be tested in the order as presented. 

9. Therapists should count al a rate SlIch that 20 counts is equivalent to 1.0 5eCOnds (eg. "one-lOOO, 
two-lOOO, three-lOOO ..... "; this should be rimed and practiced seve raI times prior to tesling). 

10. If the assessment is interrupted foT' any rea5On, il may he restarted from where il was left off 
if done 50 within a 24 hour penod. If not, it should he redone from the beginning. 

Il. An item should he excluded (score X) if movcment is limited by marked restriction of passive 
range or pain, and the following codes use<:! to indicate the reason: ROM, PaIO, Other (reason). 

12. The following equipment should he available for use: 
-sturdy stoo~ (01 treatment plinth 91: armless chair) of a height such that pat1ent can ,it 

comfortably on a finn support wi!h feet reMing on the floor or on a sma!1 foot 5tool, with the 
hips and Imees al 90° 

-support surface (fil m. and large enough to permit rolhng !.afely: rrused appro:<imately ) /2 
meter off the ground); if using the patienl's bed, it must he flal and encumbering beddiog 
should he removed; altelllatively, a large treatment phnth (raised mat) m:ay he used 

-pillow 
-stairs with railings (dcpartment3.1 step!' QT full flight: standard height approximately 18 cm) 
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APPENDIX 8.3 

:;TREAM SCORING 

1. VOLUNTARY MOVEMENT OF 111E LIMBS ( 12) 
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o unable to perform the test movement through any appreciable range (includes flicker or slight 
movement) 

1 1. able to perform only part of the movement, and with marked devlatloD (rom normal pattern 

b. able to perform only part of the movement, but in a manner that is comparable to the 
unafTeded slde 

c. able to complete the movement, but only with marked devlatloD from normal pattern 

'1. able to complete the movement in a manner that is comparable to the unafTected si de 

X Bctivity not testcd (specify why; ROM, Pain, Other (reason») 

Il. BASIC MOBILITY ( 13) 

o unable to perform the test activity through any appreciable range (ie. minimal active participation) 

1 1. able to perform only part of the activity independently (requires partial assistance or 
stabilization to complete), with or without an aid, and with marked devlatloD frorn normal pattern 

b. able to pcrform only part of the activity independently (requires partiaJ assistance or 
stabilization to complete), with or without an aid, but with a grossly Donnai rnovement pattern 

c. able to complete the act!vity indepcndently, with or without an aid, but only with marked 
devlatioD from normal pattern 

l able to complete the activity independently with a grossly Donnai movement pattern, but requlres 
an sld 

3 able to complete the activity independently with a grossly Donnai movement pattern, wlthout 
an ald 

X IIctivity.nol teste.d (specify why; ROM, Pain, Other (reJlSOo») 

AMPLITUDE OF ACTIVE MOVEMENT 

MOVEMENT 
QUALITY 

Marked DeviatioD 
Grossly Nomtal 

None 
0 
0 

PartJaI Complete 
1 a 1 c 
lb 2 (3) 



• 

• 

• 

169 

G'o~~ary of Term~ for &-oring 

(use as a referenee the nrst few Urnes you are seoring the STREAM) 

Movement through an appreclable range: implies movement of an observable amplitude that is 

grcater than a l1icJœr or a srnall, essentially nonfunctiona/, moverncnl (ie. must be at least 10%of the 

nonnal amplitude of movernent). 

Part of the movement (Limb movements: la & b): includes any active movement observed (without 

hands on facilitation) that is greater than a flicker or slight rnovement (category 0) and less than the 

complete movement (categories le, or 2). 

Part of ,the activity (Basic mobility: 1 a & b): implies that a patient is able to actively panicipale in a 

basic mobitity activity (ie. does not require major assistance), but is unable to complete the activity 

without partial assistance or stabilization. 

Complete movement (le, 2 & 3): refers to movement that 1S comparable to the quantityof movement 

observed on the unaffected side, or to the attainment of a basic mobility task (ie. must be at least 

9O%of the normal amplitude of movement). 

Marked devlation (la & lc): the performance of the test activity does not follow a natural sequence 

of movement comparable to how an individual without motor impairment would perform it (ie. il i5 nol 

within the expecled range of 50 called "normal movement"). Thus, moderate or major deviations or 

irregularities of movement, inc1uding stfOng associated reactions, gross postural asymmetry, and tremor 

or dysmetria interfering with fûnct;on, should result in downgrading (ie. scores of la or le). 

Comparable to the unaffeded side (1 b, 2 & 3): the performance of t.he test movement or activity 

c10scly rcsemblcs the qua lit Y and/or quanrityof movement observed on the unaffected side. 

Grossly nonnal movement pattern (1 b, 2 & 3): the performance of the test activity follows a natural 

sequence of movernent comparable to how an individual without motof impainnent would perfonn it 

(ie. il is within the :xpeçted range of 50 called "normal rnovernent"). Thus, to get full marks the 

movement need not he perfectly executed, but must he approaching normal; minor deviations or 

irregularities of movement shoüld not result in downgrading. 

Aid: refers lo any cx1cma/ 1 adaptive device(s) (walking aids, splints, etc.) that may he useti by a 

patient to perform a movement. Th~ use of hand(s) to push up to stand, and the use of handrail(s) in 

stair climbing are also graded as using an aid. 

Able to compeœ the activity independently (category 11: lc, 2 & 3): implies that a patient is able to 
carry out the basic mobility task without any hands-on, or physiCJJ/ assistance from another person; 
verbal ~ncouragement, cueing and close supervision however may be given. 
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UPPER EXTREMITY 

Item Score ...-----....., 
11--___ -4 

21--___ -4 

'.------i 
81--___ -4 

,t------t 

l0l--__ ~ 

Il t------4 
UI--___ -4 

13 
1------1 

14 '-----:"1---' 
V 

Subscale 
Total 
SCOI't" D 

(malt 20) 
1 

\1 
·Subscale 

Score 
out or 100 D 
STRElt.M 

Total = 
Srol't" 

1 
V 

----
100 

STREAM SCORE 

LOWER EXTREMITY 

+ 

3~--_ _I 

IS 1--___ _1 

16'--___ _1 

171--___ _1 

181--___ -4 

l'~----_I 

20~-----4 

2J~----,I 

24~----,I 

2S '--_-,--_-' 
1 

V 

D 
(max 20) 

1 
\1 

D 
1 

V 

100 
3 

Blt.SIC MOBILITV 

Item Score 
r--.-;;...;;.;;.....~..., 

+ 

4 
1------4 

51--___ -1 

6~----l 
211--___ -l 

22 
1------1 

261--___ -( 

27 
t------1 

28r-.. ___ -t 

29 ...------4 
30 "--_~--' 

1 
V 

D 
(max 30) 

1 
\1 

D 
1 

V 

100 

170 

= 

(max 1(0) 

Note: maximuM score is based on the number of items scored. ie. for Iimb subscaJes, 
maximum score is 20 if an items are scored. 18 if only 9 items are scored. etc. Similarly, for 
mobility subscale, maximum score is 30, 27 if 9 items are scored, ... 

·Subscale scores are transformed lO a score out of 100 to correct for items not scored (due to 
pain, limire.d ROM, etc.). In addition, since the transformed subscale scores have the same 
denominator, equal weight is given to each of the subS<'.ales when the total STREAM score is 
obtained by summing the transformed subscaJe scores. 
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STREAM SCORE 

UPPER EXTREMITY LOWER EXTREMITY BASIC MOBILITY 

Item Score Item 

1 ~ 3 

1 15 

7 16 

8 17 

9 18 

10 19 

11 t" .. 20 

Il ~ 23 

13 ~ 24 

14 \~ 2S 
1 
v 

Subscale 

l '\th, 1 
Total 
Score 

(max 20) 
1 

\1 

Score 
'Substale ~ 
out of 100 (\()O 

1 
V 

STREAM a, Total = + 
Score 100 

Score 

~ 
:.l-
~ 
;). 

\c.. 

\ 
a 
\b 
~ 

1 
V 

I\~ 
(max 20) 

1 
V 

[ ''b ( \1)1)1 
1 

V 

t~ _ 
100 
3 

Item Score 

+ 

4 

S 

6 

11 

22 

26 

17 

28 

29 

30 

~ 
~ 

3. 
~ 
~ 
; 
~ 

~ 
:a... 
~ 

1 
V 

1 ~tr /)01 
(max 30) 

1 
\1 

['~/looJ 
1 

\1 

_ ct ~ 
100 

171 

= "(,00 
(max 1(0) 
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APPENDIX 8.4 
The Thirty Item STREAM 

5Troke REhabilitation Assessment of Movement (STREAM> 

Assessment Dales Patlent's Nlme: 
(YIMID) 

1. Dole oreVA: Sex: M F Aae: __ _ 

2. Side or LcsJon: L R SJdc of Hcmlpleala: L R 

3. Comorbld Condltlons: 

~. 
Type or ald(s) used: 

Pbysiotheraplst(s): 

General Comments: 

STREAM SCORING 

1. VOLVNTARY MOVEMENT OF THE LIMBS 

o unahle ta penorm the lest movemmt througb Any appreciable range (mcludes flid:er or Ilight movement) 
1 •• ahle ln renorm nnty pAI1 of the movement, and with mariled devÙ\tlon fmm normal rattem 

b. ahle ln rerform ooly pArt nf the mnvement, but in 1 manner that i~ rompArablt 10 the unarreded sicle 
e. able 10 complete the movemerit, but only with marktel cStviatlon from Donnat ranern 

2 able to comp1de the movemenl in a mllWer that is comparablt to the unaft'edtd $Ide 
X .ctivity DOt INtM (sp«ify Ml/y; ROM, Plin, Other (reason») 

U. BASIC MOBn.1TY 

o unahle ta f>'Crfonn the test activity Phrough ID)' approciable ("tilge (ie. minimal active participation) 
1 •• able ln rerform 001)' pArt (If the ICtivity independentJy (requires .... rti.al Lo:sistance or stahilizatioo to 

comr1ete), with or Wlthool an lid, and widl marlled dniallon from oormall'lltero 
b. able to I.erfonn 001)' part of ~ activlty mdepmdently (requm partial assist;nce or stabilizatioo to 

complete), with or without an Aid, bul with alfOSSly DOnnai movement panero 
c. able 10 complete the activity independenlly, with or withoutan l·id, but only with lIlIU'ked deTlallon 

from DOnnai pattern 
l able to complete the activity independently with • ,ro&SIy DOnnai movemenl pallem, but requIres aD ald 
3 able to complete the activity independentJy with .J arossJy normal movemml pattern, wltbout an ald 
X .clMty DOIIest«J (sp«i!Y M6y; ROM, Pain, Olher (reason») 

AMPLITUDE OF ACTIVE MOVEMENT 

MOVEr.ŒNT 
QUALrrV 

1 
1 

None 
Marktd DrvlatloD 0 

Cl'CISSly Normal • 
Partial Complete 

1\ • le 
lb 2 (3) 



• SCORE 

4 J Z 1 

/2 

/2 

. 
/2 

/3 

• /3 

i3 

"-- t--

/1 

/2 

/2 

/2 

• 
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~UPINE 
t. 

~. 

3. 

~. 

IS. 

6. 

PROTRACTS SCAPULA IN SUPINE 
"L'I )'OUf shoulikr bLtck $t) tMl )nUI JJ.nJ IJJlI\.tI6loMflrdslbe ~11ill6" 

Noce: tberapps! litabilizee &ml wnh shoulder 90Q 

f1elcd and elbow ClltOd cd, 

EXTENDS EL80W IN SUPINE (stamna Wlth elbow fully nexed) 
"Lil )Our h,nd tlll".rd~ dlt~ w11n8. Idr,ighten;ng)'OUr ~/lwlw,~ rtIlch .t 
NOCe: IhCnplSt ~.blliz.es &ml with d!ouldcr 90" f1exod; Itroni assocaatcd 
clCcnslOn and/or aNJuetion - markod dcvÎallon (acore t. or le), 

fo"LEXES HIP AND KNEE IN SUPINE (Ittam.s balf erook Iylnl) 
"&md)'OUt bi",ad ~ so th,t)'VU( ilOl rests 6,t on tb~ bed" 

ROLLS ONTO SIDE (slllrtani from .ujllnc) 
• Roll IlnM )uur 6Îtk· 

Note: olay coU Ollto JaIhg side, pu1hna wlth Ima 10 lurn over - IlId ( IGOR: 2). 

RAISES HIPS OFF BED IN CROOK L VING (BRIDGlNG) 
"lil )'Our hips IN high I6)fJU Cln" 
Nott: tberapist m.y Iàbiliu foot. huI if knee pUlbes ttronaly into extens' I0I'l 

lor with bridging - muted deviahon (!lCore 1. or le): if rcquires .id (exteml 
from theralw;t) to maintain knees in midltne - Ild (ICone 2), 

MOVES FROM LYING SUPINE TO SnTJNG (wllh (ccl on 
"Sil up,ad pûet:)'DIU lôel on ~ Iloo,· the fluor) 

Note: may lill up to ~ aide usana any fuocoollAland ",fe method; 
than 20 SCCOfU:!s =marked deviabon (&COre la or Ac); pullana up usana 
edae of plmth = &Id (~re 2), 

lonaer 
bedmlor 

SITTING (reet su"ported; bands nstinB 00 pUiow OD IMp ror lIems '-1 4) 
7. SHRUGS SHOULDERS (SCAPULAR ELEVATION) 

-Shrug your &hou/den; .ri Mçll .&)'OU aD" 

NOCe:: both s!Joulden; Are sluuaged SimullanIXlUSIy. 

8. RAISES HAND 1'0 TOUCH TOP OF HEAD 
·R .. ~)'OUr b.lX1 Iv Ioocb Ih~ IDp o/your bcIId" 

~. PLACES HAND ON SACRUM 
"&Mcb bchind)f)UJ' back,nd u li" "'rru..ç wlMlrd the other Aide .. )'OU • 

10. RAISES ARM OVERHEAD 1'0 FULLEST ELEVATION 
"Rueb your bADCI.slugb 1I6)'OU CID to~.,ds the œibag" 

~ 



• SCORE 

4 3 2 1 
Il. 

/2 

12. 
/2 

U. 
/2 

14. 
/2 

15. 
/2 

16. 

• /2 

17. 
/2 

18. 
/2 

1--
19. 

/2 

20. 
/2 

2i. 

/3 

• 
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SUPI NATES ANQ PRONATES FOREARM (dbow t1t!xed at 90'') 
"Keepm >g your eJhow /lent ami c1oM~ to your !luit., turn Jour IDrearm over so that 

Il lm mce.\ up. then turn Jour Inrea rm nver 80 tha t your pa lm ru ces c!c)\\n" 
mnvt!ment ln nne dlrechon only=partml movement (!lenre la or lh). 

your p' 
Note: 

CLO SES HA ND FROM FULL Y OPENED POSITION 
il 1i\1. 1ù:t:"lIlp your thumh on tile' (/ut'Ide" "Mab.: ' 

Note: mu .. 1 cxtend wrt~1 ~.hghlly (IC wml cockeJ) 10 ohtam tull mark~. 

OPE NS HAND FROM FULLY CLOSED POSITION 
pen YOUI hlim/lill the ":1)'. "NowCl 

OPP OSES THUMB TO INDEX FINGER (tlp to tlp) 

il cm:/e "l/b .~(//Jr thumh and mde\ hngt'r" "AMAL' ' 

FLE XES HIP IN SITTING 
"Lili ylll Ir knt't' Il \ hlgh a.\ )'OU L'a n" 

EXT ENDS KNEE IN SITTING 
"Slnng hlen your knt:t: /ly !:limg yOllr foot up" 

FLE XES KNEE IN SITTING 
".%dt' )' (lUf foot lli/cA undt'T you II'. fur a.' )'011 l'an" 
Nutt,: ... tart wlth aftec!t:d toot torward (heel In lme \VIth tne .. nf other foot). 

DOR SIFLEXES ANKLE IN SITTING 
our ht'e/ on tht: pround and bit Y(lur loe ... off the Ifoor a.\ lar as you can" "At'(:p y 

PLA NTARFLEXES ANKLE IN SITTING 
"Kt'cf' y our (0(.· .. on the prmmd IlrId bli j'our hec/ on tile floor ,18 lar H." you ca n" 

EXT ENDS KNEE Al"iQ DORSIFLEXES ANKLE IN SITTING 
"Slrdlg hlt'n .~our knt'c .wc! hrmg .l'our toc.\ Icm:1rd!. JOu" 
Nole; 
(.,('OIt' 

cxlen"'\lln lIt knct: WlthOut dor .. ,tlcxlon of ankle=partml movernt!nt 
la 01 Ih) 

RISE S TO STANDING FROM SITTING 
"SI.lnd, Ir. Ir) 10 1:'/..(' t'qu.i1 Ht'Ipht ('U hoth /t'IP' H 

Nute: 
lean. t 

pu~hmg ur \\Itll haIllJ(\) tll .,ldnd = ald (~core 2); a!.ymmetry !'uch a!l lrunk 
rcndclcnhurg. hlp rctr:lCtlon. or exce"~lvc t1exum or extt!n!>10n of tht! affeclt'd 

markcJ ot:\tallon (!><.:orc la or le). J..nt:~· , 

-
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• SCORE 

4 3 2 1 
STANDING 

/3 
..,.., 

MAINTAINS STANDING FOR 20 C'OUNTS ... -. 
~Stanu on th~ ,~p{lt Hhlle 1 ~'(lunt 10 tIH'/JO • 

STANDING (huldinJ.t onto a .. tahle !lUpport t(lll .... i .. ' hlilullt'c" for itl'lm 23-25) 

/2 
23. ABDUCTS AFFECTED HIP WITH KNEE EXTENI 

HKeep } our knee ~trdlpht ant1.~(lur hlp~ le\'(:I, anu fll1.~C ~'Ollr leg Il 1 th" Mde" 

24. FLEXES AFFEC'TED KNEE WITH HIP [XTENDE 
/2 "Keep your hlp sua Ight, h~nu your knee haL'!.. a nu nrmp .l'our ht't.'1 

D 

y(/ur b"Uom" 

25. DORSIFLEXES AFFECTED ANKLE WITH KNU: EXTENDEI> 
/2 "Keep l'our hed (In the pmund and IIR ypur {ot', 011 tllt' Iloor ct~ lu 1 a .. .1/1" t'Ull" 

STANDING AND WALKING ACTIVITlES 

• /3 26. PLACES AFFECTED FOOT ON 1'0 FIRST ST!::}> (1) 

"f.JIi Jour 1001 ct 1)(1 p/,h t' Il (/1110 tllt' IJr,~1 \Icp (or ,\100/11/1 h 0111 ,,1 -' 
Notc: r\!luoung the 10\lt t\l the grouml h nul M:\\feU, u .. t: \lI hunu 

1 ... tool 18 ll11 III~h) 

LOU " 

rail - IIIU (~l'llIC 2) 

27. TAKF.S 3 STEPS I3AÇKWA~DS (one and a hait gml ..:y dl''') 

/3 "7àk thleè a verape Mi'rd ~/L'p~ had.,IMlrd~. p/;Jl'WP ont' fool hell/Il d Ill,' "tilt'( n 

28. TAKES 3 STEPS SIDEWAYS TO {\rJ=:~CIW) Slnl 
/3 "TaJ.e thrèe iJlrerdpe MLt:U Mep,\ ",tle"'.ly.~ towdrU,\ your IV::."'. M("'" 

29. WALKS 10 METERS INDCORS (on ',mlloth, oh ... tad~' fr Cl' "'Urlllll') 

/3 ~ WH lA III a -Ir a 'pht 11I/t' Ol'<:'f III (a ,~pt'L'lht'd l'om! JO Il/t>/er .. 1/ H • • /.1') " 

Notc: orthotH.. -= au.! (,>core 'LI, longer th .. n 20 ... t·contl~ .". market! tll>vmlH 10 (',c C Ife Il) 

30. WALKS !}QWN 3 STAIRS ALJJ~RNj\JJN(j H~LT 
/3 "llil/A uOIm three ~tJlJ(,\. pli/le on{v one /oo( alI/ tmt.' on eJlLh ~t t.'p Il y/lU L'an" 

Note: haudrall == ,ud «,lOfI.: 21, non-alt~matmg Icd = markcd devl ill" III (. ... lorc 1 a or Il), 

-- --

• 
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APPENDIX 9 

Results from the 
Direct Observatioll 

Reliability Study 
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• APPENDIX 9.1 
Distribution of Scores Within Each Item 

(N = 2 Raters x 20 Subjects = 40 Ratings) 

ITEM SCORE 
0 la lb le 2 X 

Upper Extrem ity: 
1. 10 3 5 1 19 2 
2. 8 4 S 23 
11. 12 3 4 2 19 
12. Il 7 8 14 
13. Il 2 4 21 2 
14. 11 6 1 2 20 
IS. 12 7 3 2 16 
16: 10 8 4 18 
17. 12 3 2 3 18 2 
18. Il 3 3 6 17 
19. IS 4 1 1 19 
20. 14 2 7 17 
21. 12 S 7 1 11 4 
Lower Extremily: 
3. 1 4 3S 
4. 6 4 8 22 
6. 1 12 3 8 14 2 

• 22. 4 10 1 6 19 
23. 3 10 3 S 19 
24. 6 9 4 1 20 
25. 4 4 4 23 4 
26. 12 8 1 2 17 
27. 3 14 3 2 18 
31. 5 Il 1 3 18 2 
32. 12 S 3 3 15 2 
33. II 1 2 21 5 

0 la lb le 2 3 X 

Basic Mobility: 
5. 2 13 1 24 
7. 3 4 2 31 
8. 2 S 2 2 29 
9. 4 1 11 3 21 
10. t 39 
28. 40 
29. B 11 6 14 
30. 12 6 22 
34. 4 5 12 2 16 
3S. 2 7 8 S IS 2 
36. 2 10 8 3 IS 2 
37. 2 7 6 4 16 4 
38. 4 7 4 4 16 4 
39. 2 12 3 S 16 2 • 40. 2 12 4 4 16 2 
41. 4 8 12 4 10 2 
42. 6 11 4 9 8 2 
43. 6 Il 4 9 8 2 
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APPENDIX 9.2 

Inter-Item, Item to Total and Item to Subscale Correlations of the 43 Items hi the Test Version of STREAM 

ITEM: 1 l 3 4 ! , 7 • 9 10 Il Il 13 14 15 16 17 18 19 10 11 11 23 l4 15 16 1:1 11 ~ 30 31 32 33 34 JS 36 37 li 39 40 4. 4Z .f.J 

• 
J 
l 

• 
5 

• , 
1 

• •• 
Il 

U 
Il 

•• 
Il 

" 17 

.1 
It 

» 
J' 
U 
Jl 
14 

~ 

16 

1'7 
JI 

~ 

le 

)' 

lJ 
13 
~ 

~ 

l6 ,., 
» ,. 
• •• 
CI 
4l 

... 

." ... 

.51 .G ... 

... .5l..u ... 

...... ..u ,Q ••• 

.51 ... sr .63 .53 1.1 
•• ..15 .3. M $5 .53 '.1 
.n ..56 .3t ....... AS .se • .-
. n .5J ... .5l 067 A .5. ... ... 
.... .4' .... .37 .r1 .3. ... .63 .At • .1 
.lIS .13 .)5 .1. ... ... .se M .la .41 ... 

.11 .1.1 ....... f? ~ .l'9 ~ ~ .J6 .&l • .1 

.... .II .51 .G AS .!l .JI ... .AS .1J .11 '" lA 

.. ..,. .Al MI $5 .61 .)5 .)5 MI .D .15 .. ." ... 

.13 .16 .G .65 .51 ... ..n ..u ..56 .:r .13 .... n .93 J.O 

.If ." M .il .se .5l J9 ..J9 M .lI .Il .f. .If .tl .90 U 

.7. .11 .... .51 .54 sr ..w ..w ..5J .1' .. -'a .91 .. .. ... , .. 

.65~A.nA~~~ .... ~n.seM~~"'~'" 

.,. .n A AS ~ ..56 .n .zr sr .Il .1t .fI .. .. .lIS ... ... .fI 1.0 

.,. .n ... ..Jt .5e... J7 .zr ... .15 .7. ... .M .1t .7. ... ... .15 .95 1 .. 

.l, ... .At .51 ... .se .J' .C A6 .u .JI5 .. .1. ... .. .., .., ~ .9J .n ... 

.. .6' .53 ~ .5S ... .51 .51 .1. sr ... 067 .53 ... ... ... .51 .., sr sr .11 ... 
~ .. , .!If ~ Al "" .55 .55 .6T .4J .,. .11 sr .Tl .'0 .n A' .56 .60 AI :n .t3 ... 

.aJ .n .... ." .6. ... " "" .TI .55 .. .TI ... .n .JIIJ .73 ... .65 ... AI .75 ... .15 U 
~ ... .51~~ ... .5I.At.5l""~~ • .aJ • .I3~.~~"'~."'''' 
... .5J.15 ... $5M ... .5I ...... .I1 .... ..w~ ... MI .... ..56M$5~ ... ~ .. ~ ... 
.. S7 .52 .aJ .51 ... .. ." .7. ... .l, 067 $5 ... ... ... .51 ..w sr sr .n n n ... .13 11 • .-
..wM .... fl~~~AI..Jt ... .D~ .... AI..Jt~~ .... .37.37.37~M.A3.5JA.5IU 
.6Z .. ' .At .Al .51 .7' .. .... .11 • ., .67 .... sr .71 sr ... ~ .6! .43 ..w .!:II .!If .6' AS sr .5J .!If A. ..1 
. ,. ... .il Al .... _~ .l! . ., .aJ -" .4J ... .51 .15 ... :" ~ .ss .65 .61 ........ n .65 .... .51 ...... 71 ... 

.1) .51 ..J9 .,. .51 .11 ... ... .. .5. .11 .5J .1'1 .. , ... .4J .... Al .so ..J9 .6l SI .,. .15 .15 ... .. ", ... .4J ... 

... ,., .l3 .13 .se AI ... A1 .51 .JI .,. .51 AI "" A' .61 .53 ... .5J A1 .. , .71 .15 .15 .... .f'! M .li .52 At .If lA 

.,. .st .... .,. ... .51 MI .. .61 .lJ .16 ., •• n .7 •• 1. .13 .1\ ,15 .71 .n "'.71 .13 .If ••• ." .13 ..... .54 ..56 .13 .JI 1 .. 

.15 .5J Al .6' .!If .65 ... ". .. .., ., • .51 A .74 .6Z .TI .5S .51 39 .., .... 75 .13 ... .7 •• 71 .1t ~ .,. .11 .• 1 .1t .13 ... 

.1. .6J ..., .. ' ... .TI .56 ... .., .5J ~ M ". .1) "" .n .ss .5J ... .53 ... .12 .11 .15 ." .12 ..a ..J9 .Il .. .... .11 .11 .93 lA 
• ." ... AS ... .54 ... ... sr ." .51 ." .. , ~ .,. .43 .TI .~ sr .!If .5J .... ,. .,. • • .,. .,. .1t .51 .13 .71 ... .75 .,. .. .M ... 

.aJ~M ... M~ ........ SM.65~~~~sr.53 ... ..56n.llS.~M.IISMA~.I1~.aJ..,~~~ ... 

.. 1 S7 Al .,. .... .... .6Z .Al .M ~ ... .., M .n .'1'0 .n S1 .5J .6Z .51 .,. ~ .n ... ... MM .... • 71 .79 .... .13 .., .97 .M .tt J7 lA 

.......... A6~~~~M..56.11S~~ ... ~ .... ~~~~ ... .aJ .. .aJ ... M~a.llS .. ~ ... ~M~~~.~ 
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• APPENDIX 9.3 

The Total STREAl\! and Subscale Scores a 

Assigned to Twent)' Subject'i by Assessors and Observers 

TOTAL SCORE trIE Subscalc LIE Subscale Mobilitl' Subscale 

Ass~sor Observer Assessor Observer Assessor Observer A~sessor Observer 

* 23 25 0 0 25 28 37 40 
* 27 31 0 0 45 45 33 43 

29 32 65 75 0 0 23 23 
* 29 36 0 0 50 70 33 37 

33 36 15 20 30 20 47 57 
* 35 32 6 0 55 50 39 39 

39 39 60 55 25 30 33 33 
44 39 10 15 25 30 80 60 
54 59 40 40 50 50 33 43 

* 56 56 95 95 33 33 43 43 
* 72 75 72 83 100 100 53 53 

83 89 60 65 95 100 90 97 

• 83 83 90 80 65 75 90 90 
84 96 80 95 100 100 77 93 
89 89 60 65 100 100 100 97 
91 93 100 ]00 100 100 72 78 

* 94 91 95 95 95 95 93 87 
100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 

Note: "l'ore" are tllr 30 Item STREAM 
a Suh~l'ale lolah are Iran .. tormt:Ù 10 !-core, out of 100. 
'" S\.OTt' .. l'orrel'lt'J tor ml',.,tng Ilem, (Item .. score<! as X) . 

• 
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• APPENDIX 9.4 
Indices of Agreement for the Qualitath'e Divisions "ïthin C,lte~oQ' '1' 

for Pairs of Raters ScorinA Twent)' Subjects 

Item Aa:reement ('ié} Kappa 95% Confidence IlIlt'nul 
Numbrr Crudr E'prctl'd Statistir 1\ for Kappil Nh 

Upper Extremity Subscale: 
1 67 33 .50 -0,11--1. Il 3 
2 iOO 50 1.00 1.00--1.00 4 
11 100 33 1.00 1.00--1.00 3 
12 67 44 .40 -0.14--0.94 6 
13 0 0 O.OOc 0.00--0.00 1 
1~ 75 50 .50 -0.23--1.23 4 
17 50 31 .27 -0.31--0.8(; 4 
18 80 36 .69 0.16--1.22 5 
19 50 50 O.OOc 0.00--0.00 ") 

20 100 63 1.00 1.00--1.00 4 
Lower Extremit)' Subscalr: 
4 60 52 .17 -0.71--1.04 5 
22 50 39 .18 -0.15--0.51 8 • 23 75 41 .58 0.12--1.04 8 
24 71 49 .44 -0.06--0.94 7 
25 75 50 .50 -0.23--1.2.~ 4 
26 100 100 ' ___ d 4 
27 89 56 .75 0.30--1.20 9 
31 71 53 .39 -0.17 --O. 95 7 
32 67 33 .50 -O. 1 1--1. 1 1 .~ 

33 100 100 
___ d 

1 

Basic l\Iobilit) Sub~calc: 
5 100 76 1.00 1.00--1.00 7 
8 50 38 .20 -0.61--1.01 4 
9 88 53 .73 0.29--1.18 8 
29 100 51 1.00 1.00--1.00 7 
30 100 100 

___ d 
5 

34 88 48 .76 0.39--1.12 7 
36 75 53 .47 -0.17--1.10 7 
38 80 52 .58 -0.05--1.22 5 
41 100 51 1.00 1.00--1.00 9 
43 100 59 1.00 1.00--1.00 7 

a Unwclghtt'd Kappa "tatl"IIl' 

• h N = the nurnher 01 "uhfcçt ... (ouI of 20) ... cort!d ')' hy hoth rater ... 
C Numerator ot O. for Ilem 13 thcn: 1" onl) on~ ratmg ln t'atego!') ')' 
d Kappa wa" unddmed hecau"c the denomma!or wa" 0 
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• APPENDIX 10.1 
Distribution of Scores Within Each Item for the Four Videotapes 

(N = 20 Raters x 4 Tapes = 80 Ratings) 

ITEM mIE 1 SCQRE Tll'tE 2 SCORE 
0 la lb le 2 (3) 10 la lb le 2 (3) 

Upper Extremity: 
1. 22 3 28 14 13 1 17 14 35 13 
2. 3 3 51 23 1 2 1 44 33 
11. 28 16 15 2 19 1 24 19 20 17 
12. 26 38 2 13 1 1 25 37 3 13 2 
13. 28 40 10 2 1 26 44 9 1 
14. 28 32 2 18 1 26 34 2 18 
IS. 26 38 12 1 3 1 2S 38 Il 2 4 
1'6. 2S 49 6 1 20 57 2 1 
17. 5 64 6 4 1 1 4 66 7 2 1 
18. 24 30 4 18 4 1 16 35 6 16 7 
19. 53 7 3 8 9 1 46 15 4 8 7 
20. 2S 38 1 13 3 1 27 36 15 2 
21. 59 18 3 1 59 20 1 

Lower Extremity: 
3. 2 78 1 79 
4. 16 22 3 39 16 16 3 2 43 

• 6. 27 4 27 22 26 1 26 27 
22. 20 2 30 28 18 5 23 34 
23. 44 Il 4 21 1 30 24 2 23 
24. 6 28 11 11 24 4 31 12 10 23 
25. 2S 26 9 2 18 23 20 15 1 21 
26. 24 27 6 2 21 26 21 5 3 25 
27. 3 47 10 20 3 44 13 20 
31. 14 27 2 13 24 9 33 4 1 21 
32. 29 28 4 19 2S 26 7 2 20 
33. 44 13 4 18 41 13 7 1 18 
Basic Mobility: 
5. 2 67 3 8 1 59 Il 9 
7. 3 5 11 61 1 5 1 2 71 
8. 3 2 7 68 1 8 1 13 51! 
9. 28 2 25 7 18 1 25 2 25 12 16 
10. 80 1 80 
28. t 79 1 1 79 
29. 3S 25 20 1 22 37 21 
30. 1 27 2 50 1 1 2 15 ~ 57 
34. 28 3 26 3 20 1 24 4 22 10 20 
35. 52 8 20 1 1 40 18 21 
36. 23 36 20 1 20 2 31 7 20 
37. 20 38 2 20 1 20 29 10 21 
38. 20 3 3S 2 20 1 18 33 8 20 
39. 19 1 32 7 21 1 18 28 13 20 
40. 20 33 6 21 1 18 28 13 20 • 41. 60 20 1 38 22 20 
42. 34 26 20 1 30 3 24 3 20 
43. 35 25 20 1 29 5 23 3 20 
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• APPENDIX 10.1 
Distribution of Scores Within Each Item for Videotape A 

(N = 20 Raters) 

ITEM TlME 1 SCORE TIME 2 SCORE 
0 la lb lc 2 (3) 10 la lb le 2 (3) 

Upper Extremity: 
1. 2 15 3 1 2 iO 8 
2. 3 4 12 1 1 5 13 
11. 1 19 1 4 16 
12. 4 2 13 1 1 3 3 13 1 
J3. 8 10 2 1 10 9 1 
14. 2 18 1 2 18 
l5. 4 12 1 3 1 3 Il 2 4 
16. 14 6 1 18 J 1 
17. 9 6 4 1 1 Il 6 2 1 
18. 1 3 12 4 1 1 2 Il 6 
19. 3 8 9 1 1 4 8 7 
20. 4 13 3 1 3 IS 2 
21. 17 3 1 19 ) 

Lower Extrem1ty: 
3. 20 20 
4. 20 20 • 6. 19 19 
22 2U 20 
23. 20 20 
24. 20 20 
25. 4 IS 2 18 
26. 20 20 
'1.7. 20 20 
31. J9 20 
32. J9 20 
33. J8 1 J8 
Basic Mobility: 
5. 17 3 1 12 8 
7. 20 1 20 
8. 20 1 20 
9. 8 11 1 8 11 
10. 20 1 20 
28. 20 1 20 
29. 20 1 20 
30. 20 1 20 
34. 20 1 20 
35. 20 1 20 
36. 20 1 20 
37. 20 1 20 
38. 20 1 20 
39. 20 i 20 

• 40. 20 1 20 
41. 20 1 20 
42. 20 1 20 
43. 20 1 20 
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• APPENDIX 10.1 
Distribution of Scores Within Each Item for Videotape B 

(N = 20 Raters) 

ITEM TIME 1 SCORE lIME ~ SÇORE 
0 la lb le 2 (3) 10 la lb le 2 (3) 

Upper Extremity: 
1. 3 13 1 3 1 6 9 1 4 
2. 14 6 1 12 8 
11. 3 7 10 1 4 8 8 
12. 20 1 20 
13. 20 1 20 
14. 20 1 20 
15. 20 1 20 
16. 20 1 20 
17. 20 1 1 18 
18. 17 3 1 13 7 
19. 19 1 1 20 
20. 20 1 20 
21. 20 1 20 
Lower Extremity: 
3. 20 20 
4. 16 4 16 3 1 

• 6. 20 19 , 
22. , 1 16 2 4 2 12 2 
23. 14 2 3 1 9 8 1 2 
24. 8 6 6 9 6 5 
25. 20 20 
26. 5 13 2 9 11 
27. 1 18 1 1 17 2 
31. 1 2 12 S 2 3 2 6 7 
32. 10 10 10 10 
33. 20 20 
Basic Mobility: 
S. 19 1 1 17 
7. 4 16 1 19 
8. 2 18 1 20 
9. 10 3 37 1 12 5 3 
10. 20 1 20 
28. 20 1 1 19 
29. 15 5 1 J) 9 
30. Il 1 7 1 2 12 5 
34. 19 1 19 1 
35. 18 2 1 14 6 
36. 20 1 18 2 
37. 1 18 1 17 3 
38. 3 17 1 19 1 
39. 15 4 1 1 15 5 

• 40. IS 4 1 1 15 5 
41. 20 1 19 1 
42. 2 18 1 20 
43. 1 19 1 19 
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• APPENDIX 10.1 
Distribution of Scores Within Each Item for Videotape C 

(N = 20 Raters) 

ITEM lIME J SCORE TIME2 SCORE 
0 la lb le 2 (3) 10 la lb le 2 (3) 

Upper Extremity: 
1. 20 15 2 3 
2. 1 17 2 15 5 
II. 10 7 2 1 8 6 5 1 
12. 20 1 18 t 
13. 3 17 1 19 
14. 2 18 2 18 
15. 1 19 2 18 
16. 3 17 20 
17. 19 20 
18. 14 6 12 2 5 
19 18 2 16 4 
20. 5 15 5 15 
21. 19 1 20 
Lower Extremity: 
3. 1 19 20 
4. 1 19 20 
6. 1 18 1 14 5 • 22. 1 1 14 4 9 11 
23. 11 9 6 13 1 
24. 6 5 5 4 7 5 5 3 
25. 11 5 1 3 5 11 1 3 
26. 13 4 2 7 5 3 5 
27. 13 7 11 9 
31. 5 15 1 17 1 1 
32. 17 3 1 10 7 2 
33. 4 13 3 1 12 7 
Basie Mobility: 
s. 13 7 1 10 2 8 
7. 2 3 1 14 1 2 1 17 
8. 20 1 1 1 18 
9. Il 7 2 1 8 4 5 2 
10. 20 1 20 
28. 1 19 1 20 
29. 9 11 1 6 13 1 
30. 10 10 1 2 18 
34. 9 2 6 3 1 6 4 2 8 
35. 17 3 1 14 6 
36. 3 16 1 2 2 12 4 
37. 19 1 1 12 7 
38. 17 2 1 14 5 
39. 17 3 1 13 7 
40. 18 2 1 13 7 • 41. 20 1 19 1 
42. 12 8 1 10 3 4 3 
43. 14 6 1 9 4 4 3 
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• APPENDIX 10.1 
Distribution of Scores Within Each Item for Videotape D 

(N = 20 Raters) 

ITEM Tf ME 1 SCORE TIME 2 SCORE 
0 la lb le 2 (3) 0 la lb le 2 (3) 

Upper Extremity: 
J. 13 7 6 13 1 
2. 1 16 3 1 12 7 
Il. 15 2 3 12 5 3 
12. 6 14 4 16 
13. S 15 5 15 
14. 6 14 4 16 
15. S 15 1 3 17 1 
16. 2 18 1 19 
17. 4 16 1 3 17 
18. 7 12 1 3 15 2 
19. 16 4 1 10 10 
20. 19 1 2 ~8 

21. 20 1 19 
Lower Extremity: 
3 1 19 1 1 19 
4. 18 2 1 13 2 2 3 
6. 6 4 8 2 1 6 11 3 • 22. 18 2 1 14 3 2 1 
23. 19 1 1 1 15 3 
24. 6 14 1 4 15 1 
25. S 15 1 3 IS 2 
26. 19 1 1 17 3 
27. 2 16 2 1 2 16 2 
31. 9 11 1 6 13 1 
32. 19 1 1 14 6 
33. 20 1 20 
Basic Mobility: 
5. 2 18 1 20 
7. 1 2 6 11 1 3 15 
8. 3 7 10 1 8 12 
9. 17 2 1 17 1 
10. 20 1 20 
28. 20 1 20 
29. 11 9 1 5 15 
30. 6 13 1 1 19 
34. 18 1 1 18 1 
35. 17 3 1 1 12 6 
36. 20 1 18 1 1 
37. 19 1 19 
38. 17 2 1 18 2 
39. 19 1 18 
40. 20 1 18 

• 41. 20 1 20 
42. 20 1 20 
43. 20 1 20 
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• APPENDIX 10.1 

Di'~trihllti{)n of Agreement for Twent)' Rater; Scoring Tape A on Two Occasions 

IIt'01 l'l'rfl't't Di .. a2rft'fTlent h): 
Agn.'l'ment One Cah.1-!()Q T\\u Cat~()rieo, 

0,0 1,1 2,2 0, C 1,2 0.2 
--
lIpper E"tr('mit~: 
1 2 10 3 0 5 0 

2 0 4 <) 0 7 0 

Il () 0 15 0 5 0 

12 () 19 1 0 0 0 

L\ () 18 1 0 1 0 
I!' () 15 2 0 3 0 
17 0 19 1 0 0 0 
18' 0 14 4 0 '"} 0 "-

19 0 8 4 () 8 0 
20 0 17 '"} 0 1 0 "-

TOTAL: 2 lU 42 0 32 0 200 
84.0 li( 16.0 ç 

L«mer ElI.lremil~: 
4 0 0 20 0 0 0 
22 0 0 20 0 0 0 

2.' 0 0 20 0 0 0 

• 24 0 () 20 0 0 0 
2~ 0 2 15 0 3 0 
26 0 0 20 () 0 () 

27 0 0 20 0 0 0 
31 0 0 1<) 0 0 
.'2 () 0 19 0 1 0 

3,' 0 1 17 0 2 0 

TOTAL: 0 3 190 0 7 0 200 
96.~ ''j. 3.~ ç 

Ul'I11 P,'rl'l't't Di .. a2reement h):: 
AJ.:rt't'n1l'nl One ('atl1!()r~ Twu ('at~()rieo, 

0,0 1,1 2,2 3,3 0,1 1,2 2.3 0,2 1,3 
8a .. k I\1nhilit~: 

S 0 Il 0 2 0 0 0 0 7 
8 0 0 0 20 0 0 0 0 0 
9 0 6 1 <) 0 0 0 0 4 
29 0 0 0 20 0 0 0 0 0 
30 0 0 0 20 0 0 0 0 0 
34 0 0 0 20 0 0 0 0 0 
36 0 0 19 0 0 0 0 0 
38 0 0 0 20 0 0 0 0 0 
41 0 0 0 20 0 0 0 0 0 
.J.' 0 0 0 20 0 0 0 0 0 
TOTAL: D 18 1 ml D 0 0 D 11 200 

94.5 % 0% 5.5 % 

• Note: onl)' tht" agreement on the 10 Item .. that weœ retamed (nut of 43) IS rre~ented. 
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APPENDIX 10. t (conf) 

Distribution of A~r{'{'m{'nt for T" ('nt~ Rater'i Scol;n~ Tape n on l"Hl OC(.'i1"jtll1' 

Item Perfrt't 
A~rt-i.'m\.'nt 

0.0 1,1 2,2 

lIpper b,tremit~: 
1 0 16 3 
2 0 12 6 
11 ') 15 0 1-

12 20 0 0 
13 20 0 0 
15 20 0 0 
17, 0 19 0 
18 Il 1 0 
19 IQ 0 0 
20 :w 0 0 

TOTAL 112 (1:; 9 
92.0 r;c 

L(mer E'\.tremit~: 
4 13 0 
22 0 17 
2J 0 1 R 
24 0 20 0 
25 20 0 0 
26 3 {) 0 
27 0 1 R 0 
31 0 10 3 
32 7 7 0 

33 20 () 0 

TOTAL ~IOO 5 
84.0 If( 

Item Perfl'(.'1 
A~rt'l'ment 

0,0 1,1 2,2 J,3 
Ba~ic !\Iohilit): 
5 () 

8 () 

9 0 
29 0 
30 0 
34 0 
36 0 
38 0 
41 0 
43 0 

TOTAL 0 

17 
0 
10 
Il 
9 

19 

1 
19 
19 
20 

12:: 

0 
0 
2 
5 
0 
0 
0 
0 
0 
0 

7 
87.0 % 

o 
18 
2 
o 
3 
o 
19 

o 
o 
o 

42 

--_._----------- -- - -- - ---

Di,ai!rc't'l!!t!1Lb~_ _ __ __ ____ _ _ . 
Om' Catt~nr~ '1\\11 Call'gurit ... 

0.1 1.2 0,2 

---~--~--

0 0 () 2 
0 0 () () ') 

0 () 4 () ') 

0 4 () () () 

0 () 0 1 
0 () 0 () 

0 0 0 0 () 

0 1 () () 0 
0 () 0 0 
0 0 0 () 0 

-~ ----------- -. 

Q 2 4 .JL-.--___ J3 
6.5 o/c 6.5 % 

Notl': only the agreemenl on the 30 .tem' that were retamt·.<.I (oui lit 43) ., prc'>Cnll'd 

200 
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• APPE~DIX 10.1 (cont) 

Di~tribution of Agreement for Twenty Raters Scoring Tape C on Two Occasions 

Itl'fll Perft'{·t Di .. aa:reement hl: 
A~reemenf One Cart'J!or~ Tnn Catt'J!orit"t 

0.0 1,1 2,2 0,1 1.2 0,2 
VplX'r ["Iremit): 
1 15 0 0 5 0 0 
2 0 4 1 0 S 0 
Il <; 6 0 8 1 0 
12 0 18 0 1 0 
13 0 16 0 4 0 0 
l!i IR 0 1 0 0 
17 0 19 0 1 0 0 
18 0 rq 0 0 0 
19 IS 1 0 4 0 0 
20 2 12 0 6 0 0 

TOTAL J8.- J2~ 1 30 ..B.- Q 200 
81.0 t;( 19.0 t;( 

Lcl\\cr E"trcmit~: 
4 0 0 19 0 0 
22 0 7 2 0 Il 0 
2.' 0 19 0 0 1 0 

• 24 0 14 0 5 0 
2!i () IS 0 4 0 
26 0 IS 1 0 4 0 
27 0 20 0 0 0 0 
~I r 15 0 4 0 0 
32 0 19 0 0 0 

3.' 0 15 0 S 0 0 

TOTAL 1 I~I) 24 IQ 26 0 200 
82.0 ~i J 8. 0 'il 

Ill'm Pl'rfl'(.·1 Di .. agreemfnt tn: 
AJ!f('('nu'nl OneCat~oQ T\w rat~orieo, 

0,0 1,1 2,2 .',~ 0,1 1,2 2,~ 0,2 I,~ 

BlI"ic l\lnhilil): 
5 0 8 0 5 0 'l 0 0 5 .. 
8 0 0 0 18 0 0 1 0 1 
9 () 13 2 0 0 3 0 0 2 
29 0 6 10 0 0 3 1 0 0 
30 0 2 0 10 0 0 0 0 8 
3.& 0 Il 2 0 0 7 0 0 0 
36 0 16 0 0 0 4 0 0 0 
.'8 0 14 C 0 5 0 0 0 
41 0 IQ 0 ft 0 1 0 0 0 
43 0 17 0 0 0 3 0 0 0 
TOTAL: 0 lOt. I!' ..ll. 0 28 2 Il 16 200 

• 77.0 t;C 15.0 % 8.0% 

Not l': onl) thl' agrl't'ml'nt on the 30 Item ... that \\-ere retamed (out ot 43) 1" pre!.ented. 
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• APPE!'iDIX 10.1 (conf) 

Distribution of Agreement for Twenty Raters Scorin~ Tape Don T\\o Occasions 

Item Perfect Di'aJ:n't.'f1l~nt hl: 
AJ!reement Ont' Catl1!nr:- T" 1\ Cllt"~lIril" 

0,0 1 , 1 2,2 0,1 1 ,2 0,2 
Upper E'\tremit) : 
1 0 1C) 0 0 0 
2 0 12 2 0 6 0 
Il 10 3 0 7 0 0 
12 4 14 0 2 0 0 
13 S IS 0 0 0 () 

15 2 14 0 4 0 0 
17. 2 IS 0 3 0 0 
18 3 \3 0 4 0 0 
19 8 2 0 10 0 0 
20 0 18 0 2 0 () 

-----
TOTAL 34 125 2 32 7 0 200 

80.5 Ç( 19.5 % 
Lo\\er E'\tremit): 
4 0 17 0 0 3 0 
22 0 19 0 0 1 0 
23 0 19 0 0 0 • 24 2 12 0 6 0 0 
25 2 14 0 4 0 0 
26 16 0 0 4 0 Cl 
27 17 0 2 0 0 
31 S 10 0 S 0 0 
32 \3 0 0 7 0 () 

33 20 0 0 0 0 0 

TOTAL :9 ID8 D 22 4 0 200 
83.5 fié 16.5 fié 

Item Perfect Di'î.II:reem~n~ hl: 
AJ!reemenl One ,ut~()r) T\\o Cat"~Clril'" 

0,0 1 , 1 2,2 3,3 0,1 1,2 2,3 0,2 1,3 
Ba.,ic Mohilit): 
5 0 20 0 0 0 0 0 0 0 
8 0 7 0 9 0 0 0 0 4 
9 0 18 0 0 0 2 0 0 0 
29 0 S 9 0 0 6 0 0 0 
30 0 0 0 12 0 0 1 0 7 
34 0 19 0 0 0 1 0 0 0 
36 0 19 0 0 0 1 0 0 0 
38 0 18 0 0 0 2 0 0 0 
41 0 20 0 0 0 0 0 0 0 
43 0 20 0 0 0 0 0 0 0 

TOTAL 0 146 9 21 0 12 1 D Il 200 

• 88.0 % 6.5 % 5.5 % 

Note: (Jnly the agreement (In the 30 Item ... that wt!re retame.d (out ot 43) 1" pre-.ente.d 
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• APPENDIX 10.1 (CONTI 

Distribution of Agreement on the Qualitative Divisions Within Category 'l' 

for Twenty Raters Scoring Tape A 

It(."Il1 Perfect A~reement DiSil&:reemfnt 
la Ih le hl th th Ir la le N* -

lJp~r Extremit): 
1 10 10 
2 2 4 

Il 0 
12 3 2 13 1 19 
13 7 8 3 18 
I~ 3 JO 1 1 15 
17. 8 3 2 4 2 19 
18 1 9 3 14 
19 2 2 6 
20 3 D 1 17 
TOTAL 25 36 41 .1..L .L -L 122 

83.6 % 9.0% 5.7 % 1.6 % 

Lo\\er E:\tremity: 
4 0 
22 0 • 2.\ 0 
24 0 
2~ 2 2 
26 0 
27 0 
31 0 
32 0 
33 1 
TOTAL: a 2 a _J_ o 0 3 

66.7 t;é 33.3 % 

Bu,il' l\1ohilit,: 
5 Il Il 
8 0 
9 6 6 
29 0 
30 0 
34 0 
.\6 1 
38 0 
41 0 
43 0 
TOTAL: 0 0 t8 0 0 0 18 

100 % 

• Note: only the agr~ment on the 30 Item .. that were retatned (oUI of 43) IS presenled. 
* The numher ot rater!'> (out ot 20) !'>cormg , l'on hoth occasion!.. 
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• APPENDIX 10. t (cont) 

Distribution of Agreement on the Qualitative Divisions Within Category 'l' 

for Twenty Raters Scoring Tapl' B 

Item Perfect Agreement Di"IU:r~'ft1~'nt 
lu Ih le lu Ih Ih h' lu Il' N* 

Upper EAtremit): 
1 3 9 3 lb 
2 4 6 4 14 
Il () 

12 0 
13 0 

15 0 
17' 18 III 
18 1 
19 () 

20 0 

TOTAL 2{1 I~ ..L 0 0 50 
84.0% 16.0 % 

Lo\\er EAtremit) : 
4 
22 10 1 2 4 11 • 23 7 1 7 2 IH 
24 4 3 3 S 4 20 
25 0 
26 7 2 <) 

27 IS 3 IR 
31 1 6 1 \0 
32 7 7 
33 () 

TOTAL 41 : 19 J!L. ~ .J.L 100 
65.0 'ié 20.0% 4.0% 11.0 fjt· 

Ba.,ic l\1obilit): 
5 16 16 
8 () 

9 JO 10 
29 II Il 
30 8 q 

34 18 19 
36 18 IR 
38 16 1 19 
41 19 19 
43 18 1 1 20 

TOTAL: 0 ~ J~4 0 -L -.i.. 141 
95.0 % 0.7 % 4.3 % 

• Note: only the agreement on the 30 Item" that wcre n:lHmed (out of 43) 1., prt: ... entcd. 
* The numher ot rater ... (out ot 20) M:onng 'l'on hoth occa"'lon.,. 
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• APPENDIX 10.1 (cont) 

Di~tribution of Agreement on the Qualitative Divisions Within Category 'l' 

for Twenty Rate~ Scoring Tape C 

Itl'fT1 Pt'rf'l'('t A~rt'emt'nt Dio,al: rt'elt1ent 
1;1 III h' la III III le la h' N* 

lIpper Extrcmit): 
1 0 
2 J3 14 
Il 4 6 
12 18 18 
13 16 16 
I~ 18 18 
17' 19 19 
18 12 5 2 19 
19 0 
20 0 
TOTAL H- IS ~ 0 ...L 110 

93.6 % 5.5 % 0.9 % 

Lowt'r E\trt'Illil): 

" 0 
22 fi 7 • 23 4 7 8 19 
24 4 2 2 3 2 14 
2~ 5 5 4 1 15 
26 6 3 3 2 15 
27 8 4 8 20 
3\ J3 1 1 15 
32 9 2 7 2 20 
3.' 8 1 6 15 
TOTAL ~7 24 8 -.JL .l _7_ 140 

63.6 fié 27.9 fié 3.6% 5.0 fié 

Bllo,ic l\Iollilil): 
5 8 8 
8 (l 

9 4 8 13 
29 (', 6 
JO 2 2 
34 6 2 2 Il 
36 2 12 1 16 
38 \J 14 
41 Il) 19 
4.' 8 4 4 17 
TOTAL: 20 :\ 74 ~ 0 _1- 106 

91.5 fié 7.5 CJc 0.9% 

• Nnll': onl) thl' agn't'ml'nl Cln thl 30 Item ... that wt're rt'talOoo (ouI nt 43) 10, prt'!>t'nled. 
" Thl' numht'r nt rater'. (Ilut ot 20) !>conng 'l'on hoth occasIOn!>. 
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• APPENDIX 10.1 (cont) 

Distribution of Agreement on the Qualitative Divisions Within Category '1' 

for Twenty Raters Scoring Tape 0 

Item Perreet Agreemt'nt Di,al:rl~m~'nt 

la lb h- la lb Ih Il- III h- N* 
Upper E:\tremit): 
1 3 10 6 II) 

2 1 Il 12 
JI 2 , 
12 14 14 
13 15 15 
15 14 14 
17 15 15 
18 12 H 
19 2 2 
20 17 i IR 

TOTAL 94 JI li ~ 0 0 12S 
92.8 % 7.2% 

Lo\\er E:\tremÏl): 
4 13 2 2 17 

• 22 14 2 3 Il) 

2J 15 J II) 

24 12 12 
25 12 2 14 
26 0 
27 13 4 17 
JI 10 III 
32 0 

3J 0 

TOTAL .8.9 ~ ~ 0 0 108 
87.0 % 13.0 % 

--- -------
Ba.~ic Mobilit): 
5 18 2 10 
8 5 2 7 
9 16 1 IK 
29 5 5 
30 0 
34 17 19 
36 18 II} 
38 16 2 IK 
41 20 20 
43 20 20 

TOTAL 87 6 44 -L. 0 ...L 146 
93.8 % 4.1 % 2.1 % 

• Note: only the agreement on the 30 Item .. that were retame<.! (nut nI 43) .... prc-.entcd 
* The numher ot rater ... (out nt 20) ... conng 'l'on hnth ()Cca ... !On .... 
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APPENDIX 10.2 

Videotaped Assessments Reliability Study: 
Comparison of the Two Ratings on STREAM Upper Extremity Subseales 

TAPE A TAPE B 

2Or.---------------------------------------, 
20 ri ----------------------------------------~ 

15 15 

110 i! 
8 10 

fi) 
rn 

5 

0~1~--_+_+_+_+_+_+_+_+~~~~~~~~~ 
Rat.,. (n-2O) 

TAPEe 

2O~.-------------------------------------, 

15 

1; ri 10 

o~,~_r_+-T_+_+_+_+-+_+~~~~~~~~~ 
RaI.,. (n-:20) 

0~1 -r-r-r_r-+-+_+_+_+_+_+_+_+-+-+-+-+-+~ 

Rat.,. (n-:20) 

TAPE 0 

:20.~----------------------------------~ 

115 

i 10 
c8 

15~ 

0~1-+_+_+-+-+-+~~~r-~+---~;-~_r~_r~ 
Rat.,.. (n-:20) 

Key: 0 Time 1 ~ iime 2 

Note: Gee for upper extremity = .963 (model = subject8 and occasions fixed, raters random) 

-1.0 
~ 
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APPENDIX 10.2 
Videotaped Assessments Reliability Study: 

Comparison of the Two Ratings on STREAM Lower Extremity Subscales 

TAPE A TAPES 

2O,r-----------------------------------------------------~ 

15 

j 10 

~ 

O~I-4--~~~--+_~~--+_~~--~~_T--r-~_+~~~~ 
Rat ... (n-20) 

TAPEe 

2O~,--------------------------------------------~ 

15 

5 

o~I~--~----~--~~~~--~~~~--~+-~~ 
Rat_ (n-2O) 

115 

a; ci 10 

0~1~~~~+_+_--~~~_+_+_r~~~~ 
Ra, .... (n-20) 

TAPE 0 

2Or.----------------------------------------------, 

15 

2 
8 '0 

o 

o~I~--~~~~~~+-+-~~~~~~~~ 
Rat.,.. ("-20) 

Key: 0 Time 1 ~ Time 2 

Nota: QCC for lowar axtramity = .999 (model = subjacts and occasions fixed. raters random) 

>C) 
'JI 
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APPENDIX 10.2 

Videotaped Assessments Reliability Study: 
Comparison of the Two Ratings on STREAM Basic Mobility Subscales 

TAPE A TAPEB 

30. :Pc:::::: pA A:::~ ~ • 30 

25 
- - -

25 

20 20 

J 15 
1 J 115 

10 10 

5 es 

0 0 Rat.,. (n-20) Rat.,. ("-20) 

TAPEe TAPED 

:1 
30 

] 25 

......0.. 20 

1 J 115 

10 

:1 
s 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
Rat.r. (n-20) Rat.,. (n-20) 

Key: 0 Time 1 ~ Time 2 
\0 
0'1 

Note: GCC for basic mobility = .999 (model = subjects and occasions fixed. raters random) 
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• APPENDIX 10.3 

Assessment of Tape A by Twenty Raters on Two Occasions 

Rater Time One Score Til11~ Two S~'OI'L-

U/E LIE Mobilit), TOTAL U/E LIE Mobility TOTAL 
1. 11 18 26 55 12 18 26 56 
2. Il 18 26 56 13 20 30 63 
3. Il 19 26 56 12 19 26 57 
4. 13 19 24 57 13 20 24 '57 
5. Il 20 26 57 12 20 28 60 
6 .. 12 20 26 58 10 20 28 '58 
7. 12 20 28 58 Il 20 JO 61 
8. 13 18 27 59 15 20 29 64 
9. Il 19 28 59 12 20 30 62 
10. 14 20 26 60 13 20 26 59 
11. 12 20 28 60 15 20 28 63 
12. 14 20 26 60 13 19 26 58 
13. 13 20 28 60 14 20 30 64 

• 14. Il 19 30 60 13 20 28 61 
15. 13 19 28 61 10 20 28 58 
16. 14 20 28 62 14 20 28 62 
t7. 14 20 28 62 12 20 26 58 
18. 13 20 30 63 12 20 30 62 
19. 17 20 28 65 17 20 26 63 
20. 15 20 30 65 14 20 30 64 

Note: !o.core., are tor 30 Item STREAM; maxImum total STREAM o;core I!o. 70 

• 
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• APPENDIX 10.3 (cont) 

A~sessment of Tape B by Twenty Raters on Two Occasions 

Rater Time One Score Time Two Score 

UtE LIE Mobility TOTAL U/E LIE Mobility TOTAL 

1. 4 6 12 22 4 5 16 25 
2. 3 7 12 22 4 7 15 26 
3. 6 4 ]3 23 3 6 16 25 
4. 4 7 12 23 4 7 12 23 
5. 3 8 ]2 23 5 5 12 22 
6 •. S S ]4 24 5 8 16 29 
7. 4 6 ]4 24 5 7 12 24 
8. S 7 12 24 6 6 12 24 
9. 4 8 12 24 4 6 12 22 
10. 4 7 13 24 3 6 20 29 
11. S 7 12 24 5 7 13 25 
12. S 8 12 25 5 7 12 24 
13. 4 7 14 25 5 7 12 24 

• 14. 5 7 13 25 5 7 13 25 
15. 5 8 12 25 7 6 14 27 
16. 5 7 ]5 27 5 7 13 25 
17. 5 6 16 27 4 7 13 24 
18. 4 8 16 28 4 8 17 29 
19. 5 7 17 29 6 7 16 29 
20. S 6 19 30 S 7 17 29 

Note: Sl'Ore~ are tor 30 Item STREAM; maxImum total STREAM !.<:ore 1!. 70 . 

• 
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• APPENDIX 10.3 (cont) 

Assessment of Tape C by Twenty Raters on Two Occusions 

Rater Time One Score Time Two Scor(' 

1J/E LIE Mobilit), TOTAL U/E LIE Mobilit), TOTAL 
1. 7 9 12 28 9 1 1 17 37 
2. 6 1 1 12 29 8 Il 14 33 
3. 4 8 17 29 8 Il 16 35 
4. 7 9 15 31 9 10 19 38 
5. 6 11 13 31 8 12 17 _~7 

6 •. 8 Il 12 31 8 \3 14 35 
7. 8 II 12 31 10 14 15 .N 
8. 8 II i2 3i 6 12 17 35 
9. 7 1 1 i4 32 7 14 18 39 
10. 8 Il 13 32 9 12 18 :N 
11. 8 10 15 33 7 13 17 :'7 
12. 6 12 16 34 7 13 17 37 
13. 6 1 1 17 34 7 Il 18 36 
14. 8 i2 15 35 8 II 14 3.~ • 15. 8 12 15 35 6 12 20 38 
16. 7 13 15 35 9 14 14 37 
17. 8 12 15 35 8 Il 16 35 
18 .. 5 13 17 3S 8 12 19 .N 
19. 9 12 15 36 9 12 15 36 
20. 10 Il 20 41 9 1 1 21 41 

Note: !.core ... are for 30 Item STREAM; maxImum total STREAM !.core 1" ÎO 

• 
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• APPENDIX 10.3 (cont) 

Assessment of Tape D by Twenty Raters on Two Occasions 

Rater Time One Score Time Two Score 

VIE LIE Mobility TOTAL VIE LIE Mobility TOTAL 
1. 5 3 13 21 9 4 14 27 
2. 6 4 12 22 6 3 12 21 
3. 5 5 13 23 7 7 13 27 
4. 8 5 JO 23 9 5 12 26 
5. 7 7 JO 24 9 8 13 30 
6 •. 6 7 12 25 9 8 15 32 
7. 8 4 13 25 7 7 13 27 
8. 8 7 JO 25 9 7 13 29 
9. 5 7 13 25 6 7 13 26 
10. 6 5 15 26 7 7 15 29 
11. 6 8 12 26 10 7 16 33 
12. 7 5 14 26 6 8 14 28 
13. 8 5 14 27 9 7 15 31 

• 14. 8 7 12 27 10 7 12 29 
15. 7 7 13 27 5 7 16 28 
16. 8 6 15 29 8 10 16 34 
17. 10 .. 12 29 11 8 15 34 , 
18. 9 6 15 30 10 6 15 31 
19. 9 7 15 31 9 8 16 33 
20. 9 8 14 31 10 6 14 30 

Nole: !-('(lrc~ arc tur lO Itcm STREAM; maxImum total STREAM score 1!oI 10 

• 
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APPENDIX 10.4 
Summary of Signed Ranks for Items 
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for Twenty Raters Scoring }1'our Videotapes on Two OCCélSiollS 

Item Si~ned Rank (P) 

Number TAPE A TAPES TAPEe TAPE D 

Upper E'Xtrt'mity Suh"clllt': 
J -7.5(051) -0.5 (1.00) -7.5 (.O6~) -0 'i (1 no) 
2 -2 (1 00) - 1.5 (.500) -4.5 (.175) ·7 (.21!) 
11 4.5 (.375) ( 1.00) -7 5 ( SOR) '(1 ( 45~) 
12 0 (1 (0) -1 'i ( 5(0) 

B, 05 ( 1.00) -2.5 (.6:!5) 
15 -1 ( 1.00) 0.5 ( 1.00) -2 'i (.h25) 
17 0.5 (1 00) -0.5 (1.00) -1 (1 (0) 
18 -1.5 (.500) -9 (.2R9) -0.5 (1.00) -'i (.12'i) 
19 4.5 (.727) 0.5 ( 1.(0) -25 (.625) 165 (.\0<) 

20 0.5 (1.00) 0 (1 00) 1 5 ( SOO) 

Lower Extremity Suh"cllle: 
4 -0.5 (1.00 -1 ( 250) 
~2 0 ( LOO) -21 (.065) -0 5 (1 (0) 

23 -05 (1.00) -05 (100) ()'i (1.00) 

24 1.5 (1 00) - l 'i ( 6HR) 
25 -3 (.250) 0 (1 (0) -2 5 ( (25) 
26 9 (.2RQ) -5 ( 125) -2 'i ( (œi) 

27 0 (1 (0) 0 (1 (0) 

31 -0.5 (\ 00) 0 ( 1.00) -5 ( 125) -4 ') ( n'il 
32 -OS (1 00) 0 ( 1.00) 05 (\ .00) -11\ (.12'i) 
33 0.0 (1 00) -45 (.375) 

Ra .. ic Mohility Suh .. cale: 
5 -10 ( 125) -0.5 ( 1.00) -4 ( 511) 
8 -1 5 (.500) 1.5 ( 500) -2.') ( Cl25) 
9 00 (1.0G) Il (.156) -7.5 (061) () CI 00) 

29 -5 (.125) -5 (.125) -105 (011) 
30 -3 (.727) -IR ( OO!!) -11 ( .(HO) 

34 -0.5 ( 1.00) -10 (.125) -0.5 ( 1 . ()(» 

36 -1.5 ( 500) -5 ( 125) -0 ') (\ (0) 

38 -0.5 (1 00) -4.5 (.175) -1.5 (.500) 

41 -0.5 (1.00) -05 (1 00) 
43 -3 (.250) 




