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Const~uCtion and use of Biomechanical Profiles t~ determine 
degree of difficulty in a task, the level of training, skill, 
and aptitude of a worker, and to demonstrate better methods 
that improve performance. Example illustrates application . 

~ · ··- .... ....... 

E. R. TtCHAUER. H. GAGE, L.B. HARRISON, New York University, New York, New York 
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Use of Biomechanical Profiles· in work 

It is the purpose of this paper to physical effort expended .by inchvid­
show how Biomechanical Profiles ual muscles in the performances of 
are constructed and how they can specific tasks. Like'wise, the sequenc­
be applied to estimate the ease or ing of action and effort levels of the 
difficulty with which a task can be various muscles involved in manip-

---·----~rf<?~~:.:.. 1::~ .~-e~:i~<:._ the statlls of ulative and other body maneuvers 
training. skill, and apt ii:iide of' thc·-\\'cre· beyond the investigative tech­
indi~idual assigned to a job can be nolog)· available-then. 

At the same time. and unknown 
to Segur. a report was published by 
Adrian, Reference 4. in which he 
stated that the level of electrical 
activitv in human muscle could be 
measu~ed during movement. · This 
author was a1i10ng the first to use 

· the term electromyography. From 
Adrian onwards, the development 
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evaluated. Finally it is shown how a The Gilbreths were simply fifty 
Biomechanical Profile can he em· years ahead of their ti me. Their mo-
ployed to counsel workers with re- tion measurement devices, such as 
spect to attaining more proficient the ergograph and chronocycl~­
lcvels of performance. The example graph. were restricted to the taxo­
chosen is a simulated assembly task nomic description of displacement 
requiring a fairly high level of eye- patterns of external anatomical 
hand coordination. reference points during motion. No 

Background 

Since the beginnings of scientific 
management, · Reference l. most 
practitioners of work measurement 
have evaluated the efficiencv of 
manual work principally on a 'tiine 
basis. :\ notable exception were the 
Gilbreths. who first questioned in­
dustrial · standards for performance 

· with respect to their relationship to 
the physical and _emotional effort 
expended by a worker as related to 

. the specific geometry of workplace 
design. as well as to tlie general 
physical factory environment, Rel~ 
erence 2. 

These earl)· \\;oi-kcrs already · ful­
ly established the scientific rationale 
behind the disciplines of ergonomics 
and biomechanics as practiced to-
day. Nevertheless they lacked in­
strumentation adequate to conduct 
experimental investigations into the 

physiological · or functional input­
output relationships between mus­
cular activity and motion produced 
could be established by the .pioneers 
of work measurement. · 

The first mention, in 1925, of 
electrophysio!ogi~al prncesses as 
basic to the scientific study of work 
is found in the works of Segur: "The 
basis of ~lotion -Time-Analysis lies 
(in the fact) that the 'mechanism of 
the human body is primarily a 
chemical engine .. .. Average speed 
of a nerve reaction .. . is 0.000045 
minute per foot. ... average num-
ber of messages (per) nerve path ... . 
is 5.000 per minute .... average 
time to complete a . .. response to a 

· nerve impulse is 0.000061 minute 
.. . The units into which these re­
action times arc built depend en­
tirely upon the intended use of the 
data. For a fixed use. they can be 
built into a simple set of standards," 
Reference 3. 

of electromyography for medical 
purposes has been practically a con· 
tinuous process. 

Karpovich. Reference 5. was 
among the first to use clectrogoni­
ometry in the measureme111 of range 
and strength- of joint motion of 
athletes. Somewhat later, Basma­
jian. Reference 6, used clectromyo­
grams as descriptive indices of mus­
cle scquericing in. occupatio'nal 

· maneuvers. About this time, elec­
ll;ophysiological instrumentation' 
and procedures were s'uffiCiently acl­
\;iinced to encou.rage the develop­
ment of applications of electromy­
ographic kinesiology to work study. 
Notable contributors were· Carlsoo. 
Jonsson and Steen. and Pauly and 
Scheving. References i. 8 and 9 . .. -

As a result of recent developments 
in electronics, both electrogoniome­
try and electromyography have been 
refined to yield a variety of param· 
eters · of human movement. . In 
1968. Tichauer. Reference I 0. 
selected the most importan't ·of these 
parameters and combineil them in­
to a simulta·neous and single re­
cording which he named the "Bio- · 
mechanical Profile" - a term which 
is now generally accepted. 
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The first step in the development 
of a .Biomechanical ·profile is the 
construction or a "kinetic chain." 
which links the sensory input or 
feedback from the workplace with 
the muscular output required to 
perform a task. To enumerate all 
anatomical structures of a kinetic 
chain is cumbersome and often un­
necessa·ry. In industrial practice, the 
kinetic chain comprises only major 
sensory organs and key muscles. 

Motion sequences obtained by in­
direct measurement. The · kinetic 
·chain· of eye-hand coordination be­
gins with a sensory input from the 

· workplace to the eyes. Frequen.tly . 
.. the 'nature_ and size of activity of 
s·ome of .the elements · in a kinetic 

- .. chain can only be.obtained indirect­
.·.-·-'·: ·_.' ly .. f:or .e:xample. eye movement can 
. · . 'nm easily be measured .directly. but 

. ~. ' ~.- . max be iilferr~d by inonitoring the 
·: ·. : · ... - signal intmsity·of"the small muscles 

which rotate the eyeball. Figure 1 
(R). The signal.is. picked up at the 
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temples . . 
· All objects must· be loca tee! with-

i n -a \·isual cone of 60.degrees to be 
seen by both eyes simultaneomly . 
. Because of the lack of binocular 
· vision outside . of this ·cone, judg~ 
men ts of object size. and of distance_ 
from the . viewer can not be made. ' 
Whenever: eye:. scanning alone be­
comes· inadequaie. head .movement 
must be added. Under circumstances 
it is also imp1'actic5! to measure 
head movement directly. However 

~· · .... ... . . -··": ... - -. ~ ........ ·,_ . .; . :-. .- ........ ..;:;-:, - _:_,;....~;- ;, ,,. ~~ ..... - . . , ..... .. ,. ' . 

Figurr. I. The ki11etir chni11 ro11.1/nirted for i111/11stril// /m1rtire links the 
major se11so1)' organs 1111d key m11sr/cs 1:eq11in~d lo pe1Jor111 11 task. hi ('_\'t:· 

ha11d roorcli1111tion, sensory in/ml lo tilt! eyes is inji:rred by 111011itori11g /ht' 
small muscles ( R) u•hich roll/le thr eyeball. To sa objt~cls outside l/ binur­
rila r vi~~1inl cone r?f 60 degras , I he lu:atl 11111.1/ be mm1ed , 11si11g ( S j I he s/emo­
mastoid m11srles-of /hr~ neck . Ann mov1~ment at the sho11/der is /n-ru/11c1!cl 

. by ( D) the de//oicl m11sc/e. 11-'risl 111ovi~me11/ is /Jrod11rcd b)' (IF) th1• exten­
sor 111!/lcles of theforr.11r111. 

Fig11re ::?. Head 111m•t•111cnt is oji1!1: imprartirn/ lo 1111·a.mr1· direr/Iv. How­
ever, monitoring tlrl' activity of the sterno-m11stojtl muscles is an ndt'qua/1!, 
although intlirecl, mt'nsurr of head mo1•1'11u:n1 since tln·u muscles 1ir1: in 
com/an/ use whether tire hel/d is (.-1) ltdd.stmiglrt; ( B) loweretl: (C) .miscd; 
m·(D/ti/ted toeitlrr.rside. · 

· ....... 
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Fig1m: 3_. Tlw 11p/Hirnt11s userri11 this e.-.:pel''iini?n/ c~nsists of 11 .. task· board. 
(A) and 11 metal-tip/1ed tool (B) .. M'hen IHI)' of t/.e !9 lights 011 the task 
board is touched by the tool it is extinguished and another bulb ·wi/CHes·. 
011. The tool movemei11 .~e11eratcs voltage signals in three .pote11tiometers 
(C) . The output of this ki11esiometer is co11ve,rted .. by. 1111 a11alog computa- ··- : 
lion module (D). Also al (D) m:e the i11terchm1ge,a_{Jle_patch. bmfrds-whii:h--------'-··· 
/1rogrnm the light /mllerns lo simulate any ocwpational molio11 pallern. · 
The char( recorder E) dis/1/ays the complete · Biomecha.11ical Profile. Sig-
1111/s are stoi·ed i11 1111alog form 011 ·a multi-channel 111pe recol'der (F)for 
comp11ter /1roc1:ssi11g . 

. it is often sufficient to monitor the Thus, for the assemblv task cho- eye-hand coordination. the three 
activity ol" the sterno-mastoid mus- sen in this example. ti1e kinetic parameters of actual tool move­
cles in the neck, .Figure . 2. These chain involves: ment - displacement. velocity and 
muscles are inv.olvecl in head move- I. Eye movement - proclucecl acceleration - are included as mea­
ment in any direction. The .magni - by the small muscles which move sures o f output efficiencyl The ' dis­
tude or the signal is roughly hut the eyeball. Figm:c .1. ( R). placement signal inclicatd the range 
adequately . proporti.onal to.the to.. 2. Head movement - produced and pattern or motion. Velocity 

-tal level of hcacl ·motion. by the . muscles of the neck , Figure serves .as · an index of both •speed 
. In this kinetic chain. myograms I (S). . and . strength: :Acceleratipn reflects 

__ :::_of-c.yc..;ind_head muscles are· used as 3. · Arm movement at the shoulder control over the precision ahd _qu_al- .. 
indirect measures · of ·displacement .,.~ proclucccl . by_ thc .. deltoid .. mt.iscle;-- ity"'Of" fliOiion~Lack:·of suclr control' .: ._:· ·~ 

. and not as ihdicators .of muscular Figure 1 (D). leads to iinprecise .. movements · at .. 
::::i .. ~ ·' effort·. .. .. ·· · >-, .J . Wrist movement - produced ·the workplace due to -i11·e .. inability • 

Electroph)·siological parameters. by the extensor muscles of tlie fore- ·w terminate' !t movemen t at · the 

:·· .. 

·:\luscular effort per ·se . is obtained arm. Figure .l ·(W.). . . correct place.and time. 
from . Lhc princi'plc mt1s'cics involved ·These 1riusdcs · complete the ki- The biomechanical param~ters 
in . the movement. 'These muscles netic chain, but·it should be stressed can me measured with a k:inesiomc­
are: tne tlCltoid ; ·Figure·· I (D) that ' the ' Biomcchanical Profile _is "tcr, Figure 3· (C). Both. muscular ef· 
which controls arm ,-inovement ·a t used to mcastir'e the effectiveness of fort and. the se_quencing of-musdes 
the ·shoulder, and the wrist cxten- -this chain wi thin a man-task system. in the production and termination 
sors, Figure 1 -(W) which control After the kinetic chain has been of movement can be obtained 
wrist 1110\·cment, and which hy their iclentiliecl , those events which de- · through electromyographic rccord­
activity rellcct fine manipulation. · scribe the work and effort required ing of the contractile activity of the 
The activity of the llexors and e~:- by the task under study are mea- · muscles concerned. 
tensors of"the _forearm .were pur- · sured. · · Electromyographic technique. 
l~~cly. ~~clt~ ~lccl ~·ro1)1' myogra phic ' Riomechanical parameters. Bio- The success of myggraphy in an · in~ .... 
rccord1.ng lollowmg the normal mechanical parameters arc output dmtrial environment depends on 
good.r~ac~ icc of limiting data g;1th- · measurements which arc not· ncces- choosing the pro1)er tcchniqi1c. In 
cri1ig to the most. important and sarily related to physiological fac- most instances, "direct"·. myogram 
most directly imolved clements of tors, but rather to performance cle- does not yield ·useful results. Figure 

· the kinetic chain. men ts in a ma1Hask system. for 4 shows a direct myogram sim11I· 
~ .... ~ . 
·:- ~ '-:-·: -·, ·22 I ~IA\' 72 I 1£: 
:!,,..::.~ •. 4.: -:\.i:..· ... ',.'._;,~· .. ~:. .·: . . · .. 
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~~ . .' tan'eously. recorded . by an osciilo­
.... ""·~ scope and a paper recorder at exact-. 

.- ly .'the same se"nsitivities and speeds.' 
-. The_re are o'nly: five . points .of simi-

. . larity between the tracings because· -
· the speed"of the signal exceeds the 

·rise: iime· .,-d slew rate of commer­
cial chart recorders. 

. · Figure 5 shciws hO\~ a mcXlification · 
:. of the so-called "integrated": myo-' 

·· giani yields repeatable and reliable 
recordings. The signal · produced 

_ here : represents the analog- of the 
. -.. ~ring rate. which ·is indicative. of .. 
:~; ~ -' · tot:il:activity in a given muscle mass· 
- - • ai .ariy instant during the samplii1g 

period: This technique produces a 
. signal : comp~tible with the frequ! n­
.i:.y response .of a normal ·paper re­
. corder. The-resulting ti-acing r.epre-

: . sents ·a ·hi_story of muscula.r activity 
.; · in ·tei;m·s-. of ·'sequencing; .coordina- . 

·ti on an'd :e!Tort'levels: . · 

~:·. "App~;~it;~ -.. :. --- --: ~ 
... . ·:~. . . . ... 
.... . . _:.··.: - : . 
. -~n1e apparatus: Figtlre. 3, used in 

.. _. "~--. this .:experiment ':: i:onsists _of :a . task 
-.:: :. ·ooard:(A) with lights installed on it 
· ·and . '\\~irecf so that onl ( orie· light is 
... ,. on .. · a~ ariy tl ine. · A metal tipped .. 

-.. "tool". (B) is mot.mtecl . on a light- · 
·weight· rod \\·hich . slides in .a :·gim-

. · bal " type.mount. As soon as a light 
.. is touched by the tool, it goe.s off 

and another·· bulb automatically 
, .. switches .. on·:~The movement 'of the 

._. <:_~ ·tool " in '..space .·gene-rates ·voltage: sig- .. ' 
: · "nals" in ·a·set'of:tliree· potentiometers · 
-.-. -.. (C) :"that .are_ co nverted b{ an anai.og :, 
.- . · computation -_ inodule (D) into. 9i.1t- -: 
.. : .. puts which are 'pr_oportional to · t~e-

. · '.v.~ctor_.sums -of each : dispJacement, 
velocity. arid acceleration· of.the tool " 

. ., . tip" measured against time. . . . -, 

.. _ .. : ·. -.: 

-· ·· Fig;i~(4:-''1 -~f"!.~ftiine~ 1i-~ : ~ef~-r~(i~g~hj-Tf,-~~¥ic~'pj:'.~~u{il.~jiring . ffn'i1etii:';ii.~:· 
· played on a ·chart ~ recorder:(upper halj) ·ancl_an osc11/oscope (lower half) al 

e.-.:ac'tly the ·same ·sensitivity ·and speell- Only .five points of similarity are 
evic!ent ; becai1se the signal spe1 cl ofihe .111)'ogh1m :1'.-.:ceed.Hl1t: ~i.H: - time iiliil 
sleuJ' rnle of commercial chart raorders. -

_J·!gun~ 5: The same biceps co11tractio11.patlem 11s shuw11 ill' Figun:.-1: l'lwrt 
__ _recorder i11 upper. half, oscilloscope i11 .lower h111J. However th1· .1ig1111/s 

.here have bee11 .co11ilitio11ed by summing 11ll ·<ll'ti011 pot1~.11tials 011erii1111! .w 
that the trnc.e 11ow r<!prese11ts' tlu? 111111/ol!. .<if theJiri11g rate1which is i11di· 
rntive«if:the total activity of.the ~n11sde . mass al <Ill)' J!1sl<11ll. duri11~ tlw 
siwiplii1g , pefif!d. The signals ·are Juli);. compaiibfe··1uil/1 - I he freqr~ellC); 

_ :response,_of·tlri;:-c/~n.rt:recorder. The integratecL-°rn)'ogra~n produc1:s' rep~nt-
.. Q ble and Ver.)"reliab'/e- meas11re1ne.7l /S 0J.mr1SC11/a'r:t1Clivi i·}i'levels . .. ';': . .,, 

• ~ · -I ' " • ., • .. "' · ' _:, • ,. •' I • ' ·• -." "· ' r, .\, .,,;", • ·,,. " ·,, ·.~ •• "~ ., 

_:;--- .:-..The; .board ~' contains J9 lights ' .. ·: .... 7: 
... ancL coiliac_t :-j}oiriis; . arranged·:."in ·. ~· . ~ 
:-- tfiree:din1ensibnal -:, space-::io , corre: 

~: ·:- " sp0..iid'-~\\·ith · those ·reach ·situati'oiis 
., · "most to.mmonlv .'encountered in in­
_:> :dustrial .. work-.: ·The. ·light' · paft~rn . . 
::: ... · cari.:be programmed,. th-rough Inter-· ·: 
... . "cha_ngehble- patch:_ boards· to ; simti·: 

.: .... lat~ -_ oci:upatior_rnl . m_?tion-·patterns_ . 
: . ·."_ for a wide.ra_nge of industri~. such 
: · as JOod ·processing,_-· elect,ronic ·as-: 

.': 

. sembly. or the needle
1

trades.'":'. ·· .. -
",;:·~:thus. the out"put·from'the analog 
.. comput ation_:: inod~le pr.Oc!uces the 
: ·three directly. measured bioinechan­

iCal parameters of the., task. : These' 
. arc . recorded. simulta'neously with • 
· the indirectly·measi.Jred biomechan: 

... '· icai parameters .of thc· ·~iri.etic~ chain · . 
': ·· . ...::.: .. here:· head "and . eve· movcnient ;'::. .-._ 
. - . .. ancf.:the ·etectromy<>gi'.aphic-signals 

...... -.:'.··.. .. .::, •-;;._ :. . ... ~-.~ .;.. -·>·: ... ·-, ·• . ~·· 
:;~~( .. ~~~-·~-=~~~~~ :~~:~~~~.~::~.:~~:-.. ;: .. '.,. ..-.... . :~ - · ... ~ . .~~. 

.· 
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fro m the-shoulder"and wris't. These ·. 
seve'n .parameters, displayed. on the .: 
chart. recorder (E), constitute · the 
complete" Biomechanical Profile. for 
this task. When computer process­
ing is desirable, the signals are 
stored in analog form on the multi­
channehaf>e recor.der(F). · 

Prceedure ... 

Tw~e ~vomen ranging in age from 
35 . .t.o 50, and earning their living 
through .manual production work, .. 
were hired for the experiment. ·In 
each case visual acuity' was .. either _ . 
normal or- fully corrected;· state of 
heal th_ was normal for .the.particular . 

_ • ·age. All. were 'right-handed: ~ Thus -. 
.... , ih~7subje·c·ts .. were ·ho.mogeneous ·and · 
.: ... · representativ_e . of, the ,.female ~ork- .,_ 

_, ing ... :popufation . commonly< fou.nd • 
-performing 'similar . tasks · iri ) ndus-

, - ·· · · · · · · · . ·· - - .. · · tr.y.'A :number of prai:'tice tri_als suf- ·· 
-'.:- · ·:.:. Figi1.re 6:· Th~ moiion paihw.ays. on the ta~k li'~a1'.d . ai'e · sequem:~d .b)' the ficieiit to. bring-each individual up 

_ i,nilividual ·target lights . The f ront (F)'a"nd,side :(S) panels are laid ::out in · to acceptable· perforrnan.ce ·' l<:vels 
·ciccoi·dar1ce with i Ire commo11/y accepted "normal reach" 11reas: Ail reaciies. · II I _ "'.. .. . .. . . . . . .. . . were·a owe' . . . 

~:~· _ b_eg1.~1 ~1rd t:11 ~/ !11 tl!e no~·11! a~ l!on:.011/al .(H)"1.ndu_s1r1~l 11ss~mb_ly ·a_~·ea - T 'v.o sdquences _of 7~ . lights each · 
,· \.H.:~ ~n~l_ H_·?· t::zcl~Jocat1on _is .coded· thro11g!1 th ~ ~?We of 1.1: ~1r~~11try _ s? , were ::"progra inmed .. Subjects:·were 

:": :· ~. _. tl~at; ll.1s · ~11s1ly z~lentffiable <! 11r1.~1g rnbseq,uen/ . mrnlys1~. _oj the B.zomecha_nz.: .. ,-. _ .. _._·-. exposed to~ two. replica_tions:o( each 
·_·.--?·: .. c~ l_P1yfile: .. -.-,." · '. ,· --~ ~: -. _, - ".'... · ... :-. ·. : .. _ . > ,.- · · ':' program .i'ri""altem a'ie"fasnion. In-all 
'·s-·~:;,'~.;'.._~'·>·: . .:~ .. ~-.:: "::" -'. : · ;: .. ·-_--;-_ ~--,~.~-::· · ... _ ~ : > .. ,_ .: --:~:-~~ :.:.:~ ~~--:~-:~·:"_-~ tri·a 1_s'. _ ·m-oti6i{,ipa thways '.b<:gan -. and · . . :· 
.~.;'. :_ :'Fi[!.iire" i .' f o111' sets:.of s1i'ija'c'e electrode.~ · iiiere pliiced'on ·each si1bJ.ect ,,o.ver :~-_ : -ended '. in t he'"ri(frmal 'industrial' as- · 
."''" 'the ·muscle's c(m iprisini the. ·k'i1ietic "chain, i1s pici11 r'ed in ··:Fig1ii-e I. In SC!11bly arca ;·:i;:igure 6,. H-5.and H-9; 
:. · ea'cli sf. I, th1!.lhird cli:clrode.11cts ils 1he·gru1111d. Elecii-odes ·were jwsilio11e'd Because the iask board is laid out 
· 11rl:ordi11g lo s/a11d11rd m1isr/e. /1!s li~1g procedures, so 1h111 each myogram i ii"accorclan~c with' commonly ac-
- .ob111i11ed .represented a maximu·m.·amo·u.nl 'i_of.con't,r,11ct.i11g muscle mass. All · ,_. c<:pted "normal reach areas:: -

~;-:~:" _;si'i bjecis' were2re'prese1.1iarive;~oj:ihejemiil'e_: w,o r,~,l;1g populatiori ' com~z<mly -. _Squires .. ,Reference : 11 · ·_ tliese , 
': :·_ >Ja1111d pe1Jorm.ing.'marl uafprod1i2iian:::wiJrk\i'n;ind11stry;~:;.~:-_y ... • _' · . ._ ... · ·~ - ·motions sirriu'late typical '. "reach" > ·' .•.'f...it:;,,-¥:: .. «.. · .. ··· • 3~ 'at· ~ ·.,-.:·'·'~'' ., ...... , .. ,., ·· '" _... .,__ ·· · · .. ~. · ',~ and ) nove·: '.work' situations: ~ch ... 

:-- < %S:.;Y"'. !" ,. ~. 1, 1ocaiion is · coded through the logic. 
; :· ,-~ , f~"' · >: .. -.. of \ h'e. circuity'- ·so tha'.'t its starting . 

· ·. :. ~!'!~(e~<l.Jxii n ~s ,are : e~sil v ideri'tified 
-- during .su .. bsequent analysis . . ~YVork .:- ... 
·stirfac.e'. height! .the . c:~rifigura'tion :or 
the ·' chair, distance · from the ial:ile 

: .. and •.o.thef~eat.1;1res. ,or' tl1e:work pla'ce . 
were ;;~djtist'ed .'for.c·op'tiinal ' pos'ture .;'': . 
an~ :-stand a'rdized geometry:·of 'mo­
tio_i1'." pattern;' ·Likewise . the power 

' grip ·\vas used ~ throughot1t' the ex­
'pci-i ment to ' assure u'nifor,rnity of 

· manipulative..:_ process . . Thus .. all in-
' dividuals employed the same ,.,·ork 
method.- . 

All subjects were elect roded ac­
cording to . the arrangement sryown 
ii) Figure 7. Ele~trodes .were pos'i­
ti.oneil ', so · that each ; myogram ob­
tained . represented . a· max imum 

• r" . . :· am0tint of cori'tracting muscle mass.: .. 
. \-........':_:~=rhe'se . opli.rii af -positioi1's." were "'cs-. - . 
- . " tablished from stani:la'rd muSc:le test- : ' 

ing' procedures ·developed_' by Ken- · 
dall ' and Kendall:.: Reference .. 12. 
'All subjects completed four 'replica-

.. ··.' ·.: .,. _, . 
~.\t~·'"::·!t;' ::·~:~~ ·.~ ·:~~ ·,:i~~ .. _ -;~: 
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}--~: , :~. ~·i~ns -~f the task secjue~ce, , and re­
-~: :. ·-. suits_.. were suffiLiently ·uniform so 
··-·· ·: ·· that fu'rthcr testing was not neces-

-s_ary . . _· . 

. _: . · .: Results 
... : 

• .• .The_ B::,,nechanical Profiles gener· 
ated make·it ·possible to distinguish 

.. .between ·individuals ·who arc likely 
: .:_ -~to 'have_iow or high work tolerarice. 
· .::. ·Two · ·workers performed exactly 
.. · ' the same task sequence -a number 
. _,_ _.. _of forward reaches, :Figures 8 and 9. 
_:·-~,~·-_."Although ' their.: production · times 
~ :·. : arc ·approximately equal, the effort · 
-~~~ · · required to produce these outputs 

is markedly, _different:. The . firing 
.• ·. ·-. ~:· 'rate · in: the deltoid muscle, panicu-

. _lai:Iy_ . .' at · low velocity, is . commonly 
· '-:~.~;.: fa_r._ higher., for ·ir_i:dividuals of I~~ 
_. -:·. :· · work. tolerance, : Figure _8 (A) .. while 
:>~~-, . '-. the _\vi-isi eitensor-.sigilal :is cominu­
.... - -... ~ous ··and ·'unstrtictured; ~(B) :. Both -. of 
- ~.; ~~·~..::the factors are-likely to be.indicative· 
:.__"'.'.: :>:_ofi-ela'tively high effortaccon:ipanie'd_ 
:~ .. --. '.'by" poor-' e ~ci ency:. ?[' .perfo~ma n_ce. 
. : ''. .Also,.·it- can ·l>e'. seen· from the · traces 
· .of neck' muscle activiiv, (C)·. that 'too 

:.:_ '. _-, inucn"of.the scanning is· being done --. 
. _~: -. bf .theJiead: The lack -of purposeful 
:·.: .. :· , . anticipatory eye-scanning· f?ll.ci,ving 
~-<:·:?a s i_~·g1e· head movement, (D), is also '_. 

.. :;. gOod predictor' "of inferior .- per· 
-. :- ,-· .formance. · ... · . · ·· · · · · 
: ... _ . ._ . ·. An:ilysis ·of .thcse ·con.trast_ing .Bio· 
·:.~ .. -.: .. mechanical Profiles .can be used to 
;;··."t.:·-' as5ert'•:tha·t ~ .. -unless ._ reti-aitie il. the ' 
-~-.}:_'-· .. low tolerance worker~ will : be· un:·. 
··-<·~· able . to pr'cx.litce ·,-.,.ork 6(st"•fficiem · 
<. ·quality for ·sustained periods. even­
. . .. tually ' de_viate . widely from time 

:_-:_~_:-:.· standards~~and . be subject to •prema:. 
:: . , ...... , ·ture:· _fatig·ue·"-and_ .. the :. subsequent .. .. 
' -: ·; ... ~is~-. of,'a-ccideninir quality . break- .. .. 
·_. · ·dow·ns. , · ·.. · · 

::: ... ~. -; ' f' igure -1 o' shows .:_that ' directi~~­
.- - ·.:.: .--ality ' of _moti9n can -affect perform­
::-- - ~-.-- aric(ti me:-' This· invalidates assu mp· 
::: ' -iions ::corillnon :·10 most systems of 

- predetermincd·m?tion ti1:nes·, wh.ich 
. . · state that a movement from A-to 'B 
··., .is.equivalent: to one: from -B ·to -A. :\ 
: •. :-·· '. reach .away'"from the ". body takes 
·:. · _ longer to ad:omplish .. tllan ·a .motion 
·· · .. '· made towards 'the· body: ·: Reachirig 

' away. is .a· more _difficult movemcn_t 
.:· . because _the rcsista1ice to 'stretching 

': .. >:-_. ' :-c)f )he -'. farge·.muscles , or-: the ·back 
~-~· ". _· ·:.- must' be-~ o\/ercomc'..-Tllerefore :: .pi-o- . 
::· :, · gressl,;e~ rather.' tha·r.·. reeiproC:ating 
~~-- ·:::~· . ~ motion. pa0

th_-i\::iy_s should ·~ used.~ .· . 
· ::· · ·-_- '-_The . Biomechanical - Profile can :: . 
:;· .. ::._ .;.'es'ta'.61ish· tlie ;stat_lis . arid · qualiq:·of -~ 
-·-_

0
:·, -', ·.an· individu.al's tiaining; .-:1s well as 

. . : : identify ' work ' mannerisms . whi~h 

~~~~~2*:~~~~~~i0~i~~;t~:-:;,~: ·: .... '... . 

........ .., ... · ::-: ·.::· . ·: ..... :.:· . ... ;. -· ~ ...... . .... _ .. .-: 
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... Flgt1r~;- s ·a'nd ·9.:Bio.,,;echari.'ca f Prpfiies can'<6e. i·imJ·'to rlisf i_t1g1i ish" br.twr1~11 -­
i11clivicliwis"ivho 11re likely to h11ve low or h;'gh liJ'ork -. iole_riwrl'. -Two -work: 
r.rs perjor_1r1ed a ·number of fcrward . rear hes.- The firing rat~ i11 the 'cll'itoid 

. (A) in'11scle; partirnlarly 111 low_ueloci_ty, is roinmonlyjar Higher for i1idiuid-
11iils. of low work to_[eranre, left ,- while. ti~~ 1u1J1t · ex~e11sors' my_ogra ms ( B) 
of ~11cli_. workers 11re ro11ti111w11s,anrl "!1struct11red. B~th of lht'.fr faclo~s.tll't' 
likely fo ·- be· iMiicative-of'reJ11tiyeJy hig'h effort · arco,mpanied by poor effi· 
ciency oj:peif~:.ma11c1!; e.g., . the· worke1:. ma'11ip11l11lt'.s for-Jin1• .positioning 
before arrivi11g'~i~ iJl1~.i11rget. ·Nerk ) nusclf..5' activity'{C) show _that the low 
tolcrn11c~ worker: does ' loo. m 1irl1 of.t~1e sc1111'11i ng uii th the -he11cl. Tl~e Iii ck_ 
or prese1ice of purposeful a11 tici /J.a/ory eye.sc1111ni 11g"(D) is'lzlso 11 "gr~od .fire-
dictoi:.'of iust<ii 1i'ed p1:1fori11lrnce.11 bi Ii ty. ·, -~._-;_ :__ · · 

' .: ·... .. .~ '\ ~ . . ·- ' ··: . ~ "; ... 
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· should be _eliminated_ through re-
. instruction. · Figur:: ·11 ·_ sliows "'be­
. fore practice"' and "'after practice"' · 

performances of the same individual 
reaching sidewards away from the 
body and back. The untrained 
\Yorker lacks ·coordination between 
scanning and wrist movement: her 
deltoid ' is 'in constant tension, indi­
cating that .she is in violation of'one 
of the . b.asic prerequisites of work 
tolerance:' "'Keep the elbows clown," 
Reference 13. . . . 

Such \vorkers -should be coun- . 
scled . to look straight at the target. 
then proceed to reach for it without­
dependence _o_n ftirther visual cor· 
rection, .reserving 'the .strongest ac- "· 
tivity' of-the wrist·for.the e1id of.tile · 
'sequence: : :whc.n '. fine· 'positioning · · 
take~· place. · In the· "after· practice' '. 
Profile· - recorded; . eye ,_' and ~.wri_st: 

'· moveinents are ,'now in- proper se­
qu,ei:ice_>,'. Dcltoid . __ acti\· it~ has .. de-. 
dined. Thus, the level ·of ·elTort has 

- ------- .decreased ··wh'ile perfor.m;nce speed ·•:· · 
has doubled. ·, · 

Conclusions · . 

-.·. The_.Biomechanlc~·l Profile recorded · 
by: the apparanis u'sed "in this · ex- · 
perinienr·can be used for objective · 
work and effort measureinent as· 
well as rating. Hence it is an effec­
tive aid to industriarengineers. 

Realistic · and-re!la'olet"li~Stari:·-·: 
dards cari be set for industrial tasks, 
base_d_ upon proper arialyses of the 

· Profile . . Such analyses permit. long­
term projections of performance 
level and · work · tolerance. Reliable 

· projections ·of fatigue and 'its 'influ­
ence on workers can 'also be made. 
It should ·be noted that; in · many 
cases, qualitative ai1alysis of the-re­
corded Pro.file ' is sufficient to pro· 
vide objective evalna'tion.- . ,· · 

Among, the other applications ·of 
the apparatus. developecrin_this ex­
periment . ~or r_ecording the Bio­
mechanieal Pfofile is. the develop-

.. ing _?f ·optimum workpl_ace layouts 
and motion patterns for a new prod-
uct or process, even prior t_o trial 
runs. This application also "allows 
the trai.ning of workers for. a new or 
proprietary manufacturing process 
without disclos_ing th~ nA~!e of the . ...., 
product ·or ··proci:ss . too ·early. By 

.. programming •• the task board fo,r 
the desired motion pattern, specific 

- erroi:s of.'deficient .operators can be 
pinpointed; . the individual can be 

.. retrained.or. screened out in the. hir­
ing for a ·spei::ific task.. 
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:~~ANN-OUNCING \ - ~ ·. 
:~~ ·:· --~TRAl.NING~IN · 
.. :_FMrM .SYSTEMS ~ -;'. 
. : ... ·.. . . .. ·':.· 

.. . .. . . .. 
-" 0 MTM-1 . : ,. The"basic MTM -

.; ~- ?~ system used througho~t the •.. :-:· :,.:, 
. :·. ·_;,, world ~,_: a 3:-week cou_rse: No : _ 
. . ~- MTM training - required .· as _ pre- · 

;; requisile . Leads to MTM Assa-. 
~ elation Blue-Card certification 

-, ~ in MTM-1 . 

"' ' I 

O ,MTM-2 . : ... .. The sec.ond: tevel of . .. -. -. 
·'•·. ·: synthesized_ MTM 0data-~; :: . a 1- · :·. · . 

.;. __ :- week course: MTM-1 certifies': : .. : · :--:.:. 
· . : . tion· is prerequisite: Leads to:" -,- ·- · 
· · - ·, MTM Assoe iati-on Brue-:card · · · ·:. - · 

"- '.: -certification in MTM:2 ."~·- ,. · .. : ~;- :· .... . .... . ... . . ': .. ~: -. ..... .. 
0 MTM-2 :'.'. . Tr~·lni-ng In MTM-2, · 

· · - · work simplification arid MTM· 1 · :· .. 
c-?:· ~ -appreciat ion ·; _, - : a 2:we~k . ·--_ .. _ ·.: 
• ' . course. No prerequisite MTM , 
·-. •:: tr'ainin"g requfred: Leads ·to .-·,. · . . 
•. _: -;. · MTM Ass0ciatio·n·e1ue-Carcl ·:;:.-_'. . . 
· .. ., certificiation in _MTM-2.' . ; . . ·.; ~-

<·:· O MTM-3 . · ::· ~ Th~ thir~-i~v~I s;~_';; ·:. 
. ~ . "tem based .on basic .MTM used._'.·~ : .• '.. 
.-·: ' .. .. !or s'mall ba~ch and lo~g-<:ycl~:· .:.- : ; ,: 

operations ·,; .; a 3:-day course:;.·, " · ·· 
· ·Certification in MTM-2.ls ·pr&-: ." ,_. 

. . . :. · requisite.' Leads to· MTM "AsSO:.'l· · · 
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