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& ABSTRACT : ¢ G MW

* ° The primary ‘objective of this study was to observe the relation—

. . ik
ships between operator's work. performance (speed of filleting and actual.

output rate.of round ‘colfish as vell, as of fillets) and his plysiolsgical.

pardneters (mean heart rate, blood pressire. and product of mean heart ™ " 5

. tate and maa préssure) dirtng codfish ﬁlleting operation ang. at'the " i

st .+ bane time- cauec: ﬁ.ffkme data to’ omrve the ‘effect of factors; sUeh’

i i.as® apeed er’fulemg ands¥zei of :ugmn the ettial n&:quz rate .ahd |

£ .. i-percentdge yleld of iilledng.. The efféct of size of round mdush (St

'fﬂ_leted cumean heart - fate and normaloutput Yate . (raud fish as werll,

[/sas ﬁuens) oF [ the ﬂ.l].etlng operator was alsd 1nvestlgated

. Thls "study was curi d’out at’a mall fish processing plant., | P

e : : s e
” Four average skilled Hate £41 Neing opérators were  selected with, heS - >

- help’cf plshe supervisors. - Each sy dct was asked to bork atfive 5 Wi

different fillztlng \speedu, on an indlvldllal type Eilleting tlhl-! Tayout it

‘Head on-gut m“ codfish was supplied to. each nperator n 751 boxes Ty

Y * A total of abqut 26251bs, ‘of. Found ‘codfish was e _during this

K _were e mctuil ) it

H study. A total of 35 individual

< ime of £illeting each “hon oE 75 uu. round codtidn,, pgrfnrman:e rating’ ¢

. (speet of ‘filleting), nusber of codt {75 1b. boky velgit: of skin=

i

Fillets, cyeru:nr & jean heart rate 4nd bldod aresme otn -yuouc <
and dias muc) wess raeordad For esth’ Fillering experiul\l’... :

Wi thin l:he range and scope of this’ study, :he anzl.ysis of I:he &

. results ‘indicated foumung trendsi




fﬂlating md ay-callc blgod pteuaurg of the ay;ratn'(.
3 Signlflc.mt 1inedr positive relatfonship betuesn speerl of

< ﬂueung and pxwdncr. of mean Heart’ Fate” ami syatulin blood

preliure of the operator,

pnam:lve relatfonship betweeﬁ al:cul uutpuc

] Significant Ainear

as; fiilets) and mean henrt fate of

rate, (mund fish ai

v fiue ti:/

op} ra[or. G ;

well 4s mms) pioduced.
4 golficadt, Tinear yasxcm ati

" tound i fﬂ.lated dnd map
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INTRODUCTION

1.1 CANADIAN FISHING INDUSTRY
The waters off Canada's coasts, which fank among the most

productive fishing grounds in the world, support thé country's oldest.

" primary industry. In 1975, the annual catch of fish in the world amounted

to 69.73 million metric tons (Table 1). The landéd live weight of fish

N ® B s &
in Canada alone in 1975, was 1.024 miliion metric tons.' Table 2 gives a
breakdown of 1976 fish nominal catches (live weight) “{n metric tons by

species and i the most portion

alf of the total value

of the Atlantic catches, contributing searly on
of Landings. T

Canada's role in the vorld fisheries is that of a major exporter
sinée Canada’s production 1s principally for international trade.
Canada ranks third.in the world n valve of its Fishery exports.” In
1975, Canadian exports of fish products amounted to $442 million (Table 3).

Canadian sea fish mainly consist of four different kinds of

mainly comsists of cod, haddock, redfish,

species:2 1) Growndfish

;- Psee mable 1.

25ee Table 2.

3
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< ‘ - small flatfish and e:k:e‘s. 2) Pelagic and Estuarial *- mainly consists

of ‘herring, mackerel, tuna, salmen and others, 3) Molluscs and Crusta~

-~ consists of clam, scallop, icbgtet, crab) ‘Shtimp and

othets, 4) Miscellaneous items -~ such as Irish moss, seal, cod liver,
s, . ' VB T S
B 1 Dependerice ‘on fisheries vm'.es in d@ifferent parts of Canada. s

.'n.e A:lmtic ‘réglon ‘including’ Nzufnumlland. the Maritimes nd- [hg

gaon take part 1n commerclal filhing.l The Pn:lﬂ:

R et el in this

irea 15 less d:pendenl‘ on the’ ﬁsh:rieu‘ Huch of “the. Industry o the /' 3 h

West. omst:of Cmmds 1s c!_ntred in Prinr,e Rupert, and’ Vnu:ouvex' namy §

Sépple vork 4 freshwitur ‘fisheries, uf Canadga 'in theigea
res of. the Pacu@c '(‘mast. negu\dm.ce on. fishing is espectally . .
Tgh in sml; indfan conmunities of, the Northwest Territories, 1n:the .

nprthe'n\ parcs of Manl:nha. Saskatcheran and Alberta; and.ga sozth-
‘V'veuem Un&arin. = ¥ ke o .

“In! Ganada, ‘the Eishery provides a livgllhlwd to some 58, o8

fishernen (Table 4. In ldditinn, it pmvides employvent to 18, ik
gnsuns aho, wetk in floh processing plants across: the country.’

The Canadtan Sshing industry, pu‘ feularly’ Noth‘Atla\xtin 0 e

et O . \ELahhzg mduen:yL is !iivldad into.3 discinet. dlvh{m\a. hml\nxe and:

coastal, medium rangé nd deep’sea. or long dicka.nce Fasterica,’
T £t Ypolicy fot Canada's Cotinerétal l‘isheries, Bavironental, Canlda,
‘ Miy 1976, B} Tor- « E

Z Zanpual Bklth:icnl review of Cunldian PLsharles, Puhezies and
Sl Environjental Canada (1955-1976), Vol. 9: % &

3Joumnl of the Pisheriés Yesearch board of t:au&a,anvtnmen;n
) " canada, Vol. '30, No.. 12, Part 2, Dec. 1973, pp. 2404; 2405, ‘‘Management ."
L A topLopuent of: Fighetfes In the North Atlantic' by.G. Mocklinghotf:
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Inshore flshermen use rélatively sma: ssels usifg fixed gear,

N _ driftnets, trayls, purse séines; and hooks. THOWSFish {ndividually or,

more often, in small crews on a share basis. “Fieir catch is usually
! 3
highly semsonal. It consists mostly of low-value cod, the major.portion

of which is cleaned and salted by the fishernen and $61d as” ‘salt bulk.'

In sevetal areas, catches of the high- value lobster and salmun are alsq

oF sorie significance: “The welght dlspllceﬂent of inshore’ \vessels 1s -

usn.ny no: ‘aver: 150° 3ross tons

5 cccupationn on’ o shore, in. taruiing Or lndustry.

- Medium range vessela, mstly “used m}ig"'iuu states; ste’

S 77 vesseTs under 500 gross: tons; They can remain &' sea for days and can

cv Vil = 4l carry out’ a wide range of fishi,ng meénods. the Eleets \are largely bound

to their regular fishing grounds “Yhese vessels are’ owned mastly by-

indivldual fishernen,: families or small groups of lssucl.ued filhermen

These are mainly vessels landing fresh fish for'human consumption and)

to some exterit, pélagic fish for the flsh meal industry. -

< Deep-sea br fong-distarice fishery is pursied mostly i trawlers

. - and'draggers, ove? 500 gross tons.” Theae vessela brisg 1 fregh; 2o

* and their operatisg rangs and "the time they can '(amxin at sea are hmtnd

2 g to12-14 days, St fresh mj.hea will kgev.' The.se vessals are opexgred

mostly by th processing: plants, Vith crew ‘mesbers dreviag shares ‘o the

basis Gf the value of the fish landed,’”

“Ligurnal 6f the Fisheries research Bo#zd Of ‘Canada,. Environment '
Canada, Vol. 30, No.'12,.Part 2, Dec¢*1973; p. 2404, £ .
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Y Until-the 1950’s, the product of the fishing. industry was con-
\ ! i

» fined largely to salt cod.. Most of the processinf, i.e., salting and
drylng, vas done by the fishermen themselves. A substantial Fish

;o ‘freering industry has -gince developed, as Sarr sy bazas pmceusmg

sectors’ engang An salt £iéh drying and, herring reduction to meal and,

oil.” Ta‘hle 5 \shaws the vallle of sea products in ithousand dollars by
" matn ca:egongs ind by fegton. . Boch ffsh Freezidg and Nerrifg teduc:ion
< - ’ :
X 2 are smmg1y ae oclated With the offshore of déep-séa fishery, although,

the fréezing plam'.s 46 take’a conaidezable agount - of Fish from irishore,

£1. hsmen as we. 1. Salt fish. drylng is 1lnk:cvlo the inshore fishery
= - - {
that supplies ."-‘{eq"{ganed cod. ;

. | . % v S
Dufing the past few years, Canadian fishery has been. facing

SR some serious problems. Table I'shows that the total fish landing in

11ve veight has \Qe‘ewdecnnxng since 1969. Steady offshore explottation

* of the continental xhalf, particularly Noth Atlantic, by foreigm ves-

sels and bad ice, :onﬂi:ions it e oyeni.ng Of the season‘in the northern’

areas, wnzrumce& tovards  ¢his. declisiel  This decline in the catch

a and the rapid «cost dncreasés. {n the Tecent years auribntad to the -
' 2

imzome drop in the! primary, Sector.

In 19'75, the fedefal gavernmem: deuded on a'new apyrnqam

fisheries managenént, and development,, with aims of creating'a climate
% b v S 0
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_of prosperity and éenurity For, all who pArti:ipate in thz com:cux

. . fishertes, Aa'd result,: Canada cul(mntruzd i aiorrason o Ywajpr”

ssuest internationa: rewsnitian of the need fol bslam:z ﬁshlng levels

jand tha comuunﬂ Of; xasmlrbes, and rhe rehuhilitatiun of tﬁe Cmadian

Hshing 1ndustry

o 5 Cancept‘ A1o' at; Cmmda s mmt TQwAF (Incemar_iannl Comtasion £or

o R Atluti: r 1 membex'

hih sector, to nhpplemen: 1ov incomes. * For'the period

speciuléid to fiahems. This was’ 1“ additi

estimated at wore than 5200 mil}.ion L d(rg and pm-

&.1975, the govakunent

prugresuively tuplemented Gver r_he|mxr. feu years: - Some’ fpectal men-‘

. Policy for-Canada's ‘Commercial - nshexies, Envi:m‘en:al C.unadﬂ,
o way 1976, P.5.
; ‘2Bélg stun, Deumark, France; Tederal Repubiie of Geiary’; Teeidnd,
e i ¥ *Ireland, the Nétherlands, Notway, Poland; Portugal, Spain, Sweden; Unitel |
: Kingdon'and the USSR, Joumal of the Fisheries Resesrch board of Canada,
Edvizomment Canada, Vol.+30; Noi 12, Dée. 1973, p: 2405,

R BPnlic’yforCannus" reial Lo . Envizomn 1c:unu‘da‘,‘
. 50T S My 1T b 1, : £ A D O




dfture nay, be eﬁrpacted to contipue. though. ori 4 reduc,ed scale, uncu the

measures now being pla.nnad result An (hvmergem‘g nf an lndusn:y Rhat " Lo L

oo st ‘on its. own feet.”

N Ridge l:ally the, primuty fishlng tndusiey, espea'ully :h T
; tsstore’ fisheMes 1n Newcounamd, ‘has" femained’ *muuum' or. R

2 subsin:ence ssector in r.he e

sy A, dmcum in the wenu ecadomy. Lo

*and suluzquen: Job iosses in. the 1ndustrial aector haa resulted in more

he Ne'ufmmdland

nd fore  pecple tuming g £ l\lng pTn output value,

finheriea runk far buh:lnﬂ‘ furestry mining and’ cﬂnstt\mtim. Despite

mim, zedmh huxing,& salnon, Jobatiz and dad

oni campany’vam\ed boats. Son plmts are aerved 1. tleetar offshnre

i boats to supplemen: the supy-ly of xaw -god pnn:hased fhon the peivate

Lpnnvial Stitisticul Review of Cinidtan Tisheries, yiahed“ and”
Envh:omnent Canada, Yol 8, 1975, pp.: 10,11

See Tabl.e 2:

“Includgs medium rlnge_md deep~ue- or 1ong—diseahce f1ghaTy




ﬂuhery enterprines durtng the sha}t summer, aeum.

“The dzgree of méchanization vm.ea tfxom planr. v planr.. The"

irge” offuhure vesgels,| usually use eicﬂez mech‘—_

plants, which npeu

S anizad bucketjconveyor or vncuum@‘loldin system to \mlaad thedr rav

mlterill in wnvgnienc bbxes. The. raw mnt:rial ls t.hen either I\ald 1n .

s:nx‘age or delivered r.hraugh the cmveyar “for ﬂue_m\g Riever, phm's'

!

s ]y
depanding on ‘inshode supplies from sm,lil boat- fiih rnen do not s’ zhese‘

- facilities, This 1eads to: unnecesssry hmdling and ufcen syuunge of

:I\e dg}.%uca raw mterial ia :he ‘prﬁeu‘ .

$5 A Eeh, mndung “énd; tinloading system;’ to hu:re.l.se the prudm:—

blvity of the tnshore funen‘ 1n Newfeundland, ‘has been designed §y
‘

3

“Neubury and Amaria 1474). This naterials huladling system ucxudzs.
facﬂ.llties for fast, nan»damgm} x'emovl]. of £ish’ “£rom-boats’ md for

mmuau guttiag of trapfish’ co‘mnm e, detgxiotltion in gnau;y of

*fan.

1gpxe 1 shmls a diagrmatjc \dew of l:hia syar.em. Under thig
m}m

e cupnl:ir.y fmn 500 to IOOOI'Lbs. These m:ts, with fish pim:ed orie upan

2 sysr.em, smlll open bonts cury nets or \mxs, each’ nst with a fsh

the other, are Iaid in'the,boat till pil fish ate blkm\ or’the boat 18

*Eilled. Sien’ the boat un'i{ren 10 pox‘t. A notst of sutnme capacuy H

(eleuctic or gaﬁ engine dr!.ven) ]Ji:s :he ke wi:h filh frm the bu

T £ hong e, 15 bemk lifted. The ‘et of Eteh 1o next. dumped 1ni

eleyated holitng bin, providing tem‘par.nbtorise wbﬂa the, E13¥ 10

3 baing guttad on tuhles 1oc=ted at.the outlet ‘end of the bim After t):e

fish is gurted, it is g1acgd “in large - : Ty 1500 "1bs..
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__insulared containers with ice, for shipment by truck to a processing
plant.
In general, most of the filleting of fish is performed manually.
The failure to mechanize this operation fully could be attributed to the
seasonal fluctuations in the raw material supply and the need 87 oper-
ational flexibility. The inshore cod fishery Ras:been practically
restricted to a five-month period each year. The three months, Junme,
July and August, between them have accounted for more than two-thirds
of the landing during’any yaar.‘l Thet'efoxe-,‘ if the .filleting operation
were fully mechanized, the filleting machines would be fully employed
auring a'short season, but would be-uéed at very low percent of their
full operational capacity because of the low landings of the raw material
(Geakbiad #luctudtions in rav material supply), for a considerable
perfod. This would lead to high overheads.’ In the case of hand
filleting, however, working hours may be lengthened during tHe peak
season while workers may be layed off during the slack months, where
this L‘u;@sihle.' In recent years, a few plants have started using a
o ek dtled £111eting machines as“¥tand-by equipment, to Fillet
' the inshore cod supplied during the peak season, as the quality of raw
material ts likely to deteriorafe if held in storage P T
f1lleting rates of such ‘machines range £rom 30 to 40 Fish per misute and’
their output rate and yield mainly depend on'the size (lemgth) of the

Icanadian Fisheries Report No. 11, Department of Fisheries and
Forestry, Ottawa, p. 1

Z1bid., pp. 311, .

sz

o s
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fish and the féeding of the Whole fish to the machine by hand.'

Other
plants freeze the excess supply of fish during the summer season to be
processed later for the winter.

Most plants use skimning machines and also conveyor systems for
the movement of raw material through various stages of processing. The
output rate and yield from the skinning machine are mainly dependent on
the size (length) of the fish and f.{rate oE maaiiy Tostlyn o8 iifetn
to the machine. ’

In £ish processing plancs, usually o types of filleting table

layouts (individual and group types) are used.

L.2.1 of an 1 Filleting Table

Figure 2 and Figure 3 show an individual type filleting table
similar to the one used in this study. The layout of the table normally
consists of eight to nine individual cutting stations? set up on either
side of a centrally located conveyor system. The 75 lb. (34 kg) of fish
16 weighed in an empty plastic fish box at the front of the line and
the box is supplied to the filleter on the roller conveyor. The operator
slides the fish box onto his cutting table. He picks up ome fish from
the £i¥h box, fillets it and places the cut fillet &n an empty fillet
pan and puts the skeleton and waste in the skeleton hole, on the right
hand side of filleter, beside the cutting board, in the filleting table.
I

. 5. Drews (1974), "Mechanized Fish Processing, Aboard Ship and
Ashore," Fishing News International, November.

ZSmalier number of cutting stations are also in use.

3empty plastic fish box weighs about 6 1bs.




ROUND COD PAN
FILLET PAN
™ 29" ™~
= 155" x 234"
(Holds 75 1bs. of fish) B

CUTTING BOARD
L1 x 12" x 36"

12"

36"

5 53" I

(FIXED)

WORKING HETGHT

:l| Floox

\

Figure No. 2: Individual Filleting Table Layout
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Figure 3.

Figure 4.

Individual filleting table layouts,

Group filleting table layout.




_be maintained for each operator:’ X . i

When the operator has filleted all the fish from tHe fish box, he returns
the empty fish box foﬂieaning (using a lower level conveyor belt) and
Places the Hllet pan on the top conveyor belt to be weighed at the end
of the line, =

( u mdiviﬂ\ul type layout, continious mnitur!ng of the amount

pE whole flsh £111e:ed _per hour, i.e.., output rate of shole fish (1bs:

hr.), ueighL of skin-on Fllets pmducaﬂ per hour,' i:e., output rate o

skin-on f£illets (lbs./hr.), and percentage ;19.1:1 of skin‘on fillets can

12.2 ! n of a Group Filleting Table -

Figure 4 and Figure 5 show a group filleting table layout. The
layout of the table normally consists ofeight to nine tutting table
stations. set up on either side of a 1y located fish trough. The
fish"m supplied from the holding rooWWEhd placed in the tréush vhich
is Filled with cold water (@° to 6°). ALl the operators obtain fish
by digping their hands in thé central trough and fillet the fish on
their indt¥tdul cutcing boards. The Filiets are placed 4n the f11let
chute, where a £1ow of running water moves the ¥illets to the end of ‘the
table, and then weighed before ‘skinning.

In group fllletlns table layout, since all operators obtdin the

£1sh from one sourts and, the Fillats are sil weighed together at the end

»

1¥1e1d 1 the ratio of welght of the £1llets cbtained (1bs.) to
the weight of the whole fish processed (lbs.).. In fish.processing yield
is affected by skill of opérator; speed of filleting, quality of imput,
type of cut, size of fish and type of species. A recent study by
Research and Productivity: Council (R.P.C.), New Brunswick (1977). s'hovs
that finished product yield for cod varies from 23.8% to 39.0%,
redfish-it varles fron 18.5% to 37.17 and for flatfish it varies From
13.6% to 3221, &
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oﬁ’iouy Filleting Table Layout' (normlly used in- the plant)




ot the line, it 1s not possible to measure the output rate of whole
fish (lbs./hr.) and output rate of fillets (1bs./hr.), for each indfvi-
deal filler.ingvopera[or. P group filleting table f}“;ou[, the
ougput rate of whole f1eh and of fillats can be masured for the vhole
group. - For example, the actual output rate of skin-om fillets for a
group ia’ deternimed by dividing total welght of the skin-ok _fillets
produced by the group by actual total time of filleting. The actual
output rate of the group can then be divided by'the totdl number of
persons in that particular group én_gwe' the average actual cutput rate
of the Bkl i :na'é: group. In'group filléting table layout, the
aiitpet rate-of group on each side of filleting tible can also be measured
separately. ; £ - ) .
Work sampling can-also be used to determine the percentage pro-
ductive wrking time; the percentage non-productive time, the average
perfornance -rating or £illeting speed of the group working on a group

type table layout and the standard output of the processed f£ish as well

-

as of fillets (lbs./hr./operator) (refér to-Chaptér 3°, §.51 , Of this
report). &

¢ g “Eish Processing Operation

Various operations performed during fish processing are shown

in Figure 6.

0f£shore £1sh, yadally gutted end washed on of Fshore vesséls,

- fte stoved with Lce inbpxes or compartments below deck, to keep the

tefiperature of the fish close to 0%. ‘About one part.of ice to,3 parts

of fish'by weight is normally used to protect fish for up to 5 days and

. . . 5
o 8

o . : -




Unlopding Fish’ from Ship's fiold

De-icing and Sorting

Gutting \FasiTngrand Weighing

s g . " T o y
K" « " . Filleting (Cut) - ——w— Offal -
] + 5 (head and, bone) +

N Skinding . 5 ¥
. © " Velghing
v

|

Triming, Sorting

w, Vetghing -

P

Boxes and Other - Packing_

Matertal K_\ l

FreeZing
l ) . o o
Storage

Figure 6, Operation Chart for the Fish Processing Operation

__/ROTE: _Offshore fish ‘1s’usisally’ gutted. Inshore f1sh is gften not gutted,

and therefore requires gutting’ ofi shore.




i . . .
one part of ice to 2 parts of fish is needed for longer voyages. Ta=

.
shore fish are gutted by the fisheraen on the plant wharf and are sdld
w the company fn this condition, comonly known & lgutted head-on. !
Gitting cperation £or cod Includes the slittisg of the belly from throat
to vent, removisg the Mver md cutting out the guts.to eave the belly
cavity empty. Cutting helps to preserve the fish by removing the main
souce of spohsge ‘bacteria and digestive juices which attach to the
flgsh of the ‘fish after death. -rhe’gu‘n:ed fish are washed to"remove
tfaces of blood ana £6 vash.avay: most of . tHe bacterta peesett on'the
skin and n the gills of the fish.

From the wharf, the fish are taken to the hnlding room md iced.
The fish and ice'are stored in layers to ensure that all the fish are
¢hilled. The fish may remain in the holding room from one to four days,
depending on’ the rate of processing in the ‘plant. In order to mininize
T production, some plants, vhich process both

inshore and offshore fish, freeze part of the catch into 'round' frozen
b %

: \ .
blocks durifig the summer season. These £rozen blocks are then thawed.

and processed during the winter season. x

. Fish from the holding room are supplled o filleters either-in
weig‘hed hoses usually in 60 Jps., 75 lbs. , or 100 lbs. of fish, on the
roller conve§or. in individual type ‘Eileting table layouts br placed
the trough f1lled with cold water (4° to 6°C) in cdsie'of growp filleting

table layouts. s e

Figure 7.and Figure 8 show the filleting operation of cod.

3, 3. Amaria (1974), "Productivity.Studies in Figh Processing.
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Cow 5. 4
Anaria (1974) observed. that though there are ;varlations in -the type of

£1lletinig cut performed, the Basic fethots of Filleting cod imolves thi

£olloving seven operations for a right-handed person:'

1.

2
3

k‘

5
6.

7.

Get, otient and position fish on thé .cutiing. b'eims »with the

head of the'fish-on the right side, the m,t “on the left, the

Yadk tovards the dvator and ‘the belly aay Eron’ i (B )2

Filfet pne side uéing "a very shar

Place’ ﬁillet in the pan or in the chute ( <H.).

€ Tum fiah

0° a0 that the headeof the \Efeh 1s’ fow, on the Lefc -

“ator.and the belly aiay, fron hin (LH.) amd(Rs

Fillet Second s4de wsing a very sharp: knife (@8 ) and (x H.).*
Place fillet in the pan or in the chute (LeH. )y g N

“Place head’ and bcne (offal) in: tl\e chut.e (R H.).

Operations 6 and ]’ are p:tfemd stmltaneously.

When a filletiﬂg mchine i§ used, one to three ygrsonx feed r.l\e

Eish into the max:hi!\e. The, f‘llleting Tates of these machines rmge Srqn

30 to 40 iish per mm:e.“ e sm-un Filietis ate then iarrlad by a

belt conveyst to che skinning mathine which skins the fillats &id diops

them to anothier ‘belt conveyor,. to be taken to the trimming table,  The

" skinged £1llets are;then trimed by hand to remove fins, pin bores; ligs

hand and the :Ilttiug knife is held in x‘ig\t hand by the right-handed .
filleter.. ¥ % 3

1w ring the whole Eiue:lng aperadm, the fish fs held 5 lef:

2, Beans use’ of Left hind nnly. # TR e
aBbth hands, qu\ﬂ.ted ﬂ\ltiﬂg iilletlng fiﬂh héld by lefl hal\d and

ol
#11leted BY'a knifa. In the Tight b

kJ Dreva (1 7&) ”N.echanized Fish Procesaing, Ahour, Ship and -

Ashoxu,” Fishln; News !z\temnticmll, Novenber.




and ‘the blood marks which might. have heen left on the fille;s dutlng the’

¥ Hlleting operation. fThe. trimmed ﬁum are theh taken ‘to the maung
teble in £13h pans, holding about 15 1bs. _of fillets. ghe candling
pxocesu s /dane to detect. oy possible plrasites that - may be in the S

flesh of “The fille:. PR i SR e ey

LT L The f111=:s are :mn taken o thep kaging ahles )iherz he "
To10 Aby;
\g; Blocks

“are. fruzerr in the plate Szeezers. "he mcu:vmui fillets are fz’ozen by

fillets ‘are pnc‘ked eidmr 1ndiv1duﬂ1y of 1n l 1b,, 5,1b.:

boxes or 1u bmks edghing 13 or 164 Tbs; |The filiet Boxe

passins them thtough a tunnel of. A:ald ai:, tamp .utufe ranglns fzenx +40°

st to' =60 and air veloctey gmm— than 400 e pér. minute. l’wzan fish

A umst be cmtim)nlly maintail\ed at the lowedt pracc cal temperacute

| tgmperature of not. higher than ~25°C 1s recénmended during frosénm

storage.l [ »

btained fram tion Branch
* Marine Sawice, Envirvnnen!:ai ngadl, st. Jnhn's. Néw:




CHAPTER 2 B

OBJECTLVES .
2.1 PURPOSE OF:THE STUDY .
2:1.1 Problems of Work Envi ¢ in Fish /:miustrx. .

+ The human operator in a fish processing industry has been
chsozrvad-ts Woik in emmnvizousnt-vhich i coid; huaid and-vety: s
work 1s highly fepetitive and he is not usually free to work at his own
natural ;m‘cg. He do often pressured by the management to oL
speed as well as remove the maxtmm it of meat (yield) from the
fish. ﬂe"is aleo_upder prescure from his work colleagues ‘to work at a
rate which will pruvidu a smooth and c;\ntinuous flow of material for

/succesa‘ve operations. Basides he has to wogk at a rate so as to earn
a reasonable wage at- the, extd uf the day. In other situations, the
wp;rntnr 1s“subjected to the speed restriction of a. :m;veyér beit or a
‘ machine and may sdmetines have a maximun period of- tine withfn wHich he
has to oplate & spectfied’anount of work.: Ad operagor vorking under
euch speed resttictians is termed as being paced. .
Though an operator working under such tyfes of paiced work wonld
i ‘nomally give higher ‘output, he may a(:hieve :ﬁis at the expense of

greater pliysical sad mental stress.’ g

- When working under this type of condition, Siddall (1954) found
markedly nstable patterns of motioh time in the ‘éperator’s performance
while performing an industrial task. Other studies.related to machine

. paced vork has been investigated by Murrell (1963), Franks and’Sury

s !Variatiohs in Movement Time.in an ‘Industrlal Task, Medical
Rescarch Cowncil, Gambridse, Report No. 716




cycle

(1966). These investifations made comparisons of cycle tides:
F time varisbility, and effect of tolerance under paced and ngaced indus:
trial work situations. Amaria (1973) observed the ef(ect of conveyor
pnced and eelf paud industrial work situations and found that the re 4]
rate and the heart rate variability of operators were higliey for fd -
Pt
as compared to self paced work for, faster, same, and even £or slover -
conveyor speeds. . i d t E
Inp mental addition expetiment by Allu,dlay ‘(1962), a fall in
Batiey oF Srerator's puxforfanse vib obvervad Eer aven; Bmll'n;creases'
p i in spee‘d,af‘work. Aberdeen: (19&). conducted an experiment re]atlng to

certain ghyslnlogicnk effects of pacing. .He observed greater changes .

; : in muscular temsion, skin ‘resigtance and particularly pulse rate during
paced work than during unpaced work. The findings of the above menucméd '
studi.es l:aimes a concern when the- production’ plan.ne'l creates an atnw:»
. phere ofa piced work situation in order to increase production.
Amaria (1974b,c).and Newbury and Amaria (1974) studied the

. effect of fish size and input ayality onwork performance and observed

the relationship between the speed, yleld and quality of filleting. i
: Also exanined was the model for optimum speed for minimum cost of
Eilhzing. and the limitations of such a model under an incentive and

non-incentive eysten. .

Amaria (197n)‘ concluded that for total mintmum cost of filleting,,
the eperator shoul dove the knife through the fish 4 slovly as possible i
80 as to remove the +xiulum emount.of meat but greatly {ncrease his
speed wherf performing various manipulative motions such as obtain fish,
plmﬁ‘ fillesh; turn fish, and place head’and bone in the chute.. It -

‘appeared m,aé ,’cn\g best combioation of specd-yleld relacionship vas for -

1961.




the operator to slow down during the actual cutting process but increase ]
/

Wi SHEEH WHLLE Peitoritig athes man‘tpulative operations. /
In practice such a slow-fast tempo mﬂ; be difficult to achieve

within the short cycle time of the filleting operation (between 20 to

22 seconds per-fish) unless the operator conscientiously changes his

tempo of work. It is expected that the operator ol normally maintain

his speed or tempo for each cycle, since sudden change in acceleration
or decel of hand would dict his smooth rhythm of

workihg. 7
Other limitations imposed-on the model for optimum speed of
filleting are the findings of the investigation of the effect of input

quality on normal output and yield of filleting. It was concluded

(Newbury and Amaria, 1974) that fish held for several days would give
lower yield, lower outpuk-and poorer quality of fish. "

Thus, on one harid the optimun speed for minimm cost of filleting
(labour and material) indicates a slover tempo of work; on the other

hand, lower yield, lower output and poor quality results from not pro-

cessing the fish soon enough. %

In fish processing plants where productivity and earnings for
the company and workers depéend on both higher yield and faster through-

. put, the human operator often has to work under a speed restriction

.created- due to the pressures of both the management and his work

colleagues, to fillet at maximum speed and maximum yield. he may

3

attempt to achieve at the expense of higher physiological and meni

loads.




2.1.2 Work Load on the Human Operator during
Fish Filleti:

In a fish fillets the daily varies from
8-10" hours and sometimes more, since during the peak season, it is highly
desirable that the fish are processed on the seme day! rather than
leaving them overnight to be processed on the next day.

The\pormal practice on an individual filleting table layout
(Figs. 2 and 3) s to present the fish to the operator in 75 1b. (3 kg)

boxes. The normal time to fillet each box depends mainly on the size g

of the fish. The results discussed in Amaria (1974b) showed that normal
time varies from 5 minutes for large fish (14 undressed fish per 75 lb.
box) to about 13 minutes for filleting small size fish (92 fundressed
figh per 75 1b. box). s
During the normal course of work throughout the day, the oper-

ator would process, on an average, forty 75 b, Goxes. Besides fillet—
R e —
operation such as: ’ =

1. Slide a loaded fish box (75 lbs. of fish plus 6 Ibs. Jfor the plastic 2
box) from the roller conveyor on to the filleting table.

2. Place loaded Fillet pan (about 3 lbs. (16-kg) of fillets plus =
2,1b. (1 kg) for the plastic pan) from the table onto the con-

veyor belt.-
3. Place empty plastic fish box (6 lbs. or 3 kg) from the filleting,

table onto the conveyor belt.

» "
. 4. Bring empty fillet pan (2 1b. or 1 kg) from the conveyor belt /

!quality of fish deteriorates with time. /

| /

,




onto the filleting table.

5. Sharpen knife. Amaria (1974a) showed that npzra[o;s normally
took 374 minite to sharpen their knives, at wn average frequency
of five times per hour. This amBunts [(‘) an average of ¥ houyr
for an 8-hour working shift or 6-7% of the normal tima.

6. Clean the cutting board with a spray of water to remove slime
and guts. The frequency of this operdtion depends on the quality

standards in the processing plant. It varies from twice a.day 5 @

. (before lunch break and at the end of the day) to about 2. or 3

" times per hour.

< For 1n:iividu21" table layout, the first four tasks are per‘fﬂm!;‘l after
each 75 b. box of fish is filleted. However, the set-up of supplying * .
thia Fish to the operator on'a growp £i1lestug table Layoit (Figs. 4 and 5)
ns different to that for the individual table laynut. (Figs. 2 and 3). Here

the fish is supplied in thetrough, the amounts vary from 1500 to 2500

1bs. depending upon the design of the filleting table. The secondary™ 3

tasks which the operator has to perform are that of cleaning the cutting

v board and sharpening the knife. - ¢
FiTlettng operators usvelly akie rest paises diring suct FatoudEEy

activities. The frequency of such pauses for an individual layout would
mainly be dependent wpon the stz (legth) of the Fish siace this deter- i
mines .the number of fish per 75 1b. box dnd consequently determines the

< length of time the operator continuously perforns the filleting opera- -
tion. In case of the group layout the frequency of rest pauses would
mainly be dependent upon the frequency of knife sharpening (i.e., when the

operator feels that the, knife has ‘become blunt).’

case of individual laymlt, the operator usually shatpens his
knife after the ‘completion of each box. ]
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HDS[/ of the manual jobs carried out in the fishing industry involve
one or two handed manipulative activity such as feach Go an object, grasp,
move an object, position and release an object. These activities involwve
the movements of fingers, wrist, forearm &nd upper arm. ‘Other nttivule;
such as bending and walking 1nvg‘lve body, legs, neck and head movements.
The difficulty or ease with which these activities are carried out
. largely dependsupon the immediate work layout and the-general work’

Envltunma;l!-' ’ . G
v When a person moves hid arm upvard, the amount of work losd on
the amm would mafnly be' thesresistancs of moving the arm against gravicy.
If he moves' his arm-upward vith a load, then the amoust of work load on
the arm would mainly be the resistance of moving the arm as well as the
load against gravity. This concept of work load. appears’ to be unsat;s—
factory from the' standpoint of physiology. - : e,

\ 1f, however, the manipulative two-handed task is broken down

grasy T TRve, " Uposi
i tion," used by ime Systen® and to the .

into various elemental motions such as "reach

difficulty with which these movements are made, as well.as the resis— . .
tance against which they are performed, then a manipulative work load
could be estimated for the task by kioving the resistance and distaace ;

moved, tiwe taken and the of such s. It is recognized

that this method would not give & complete measure of total work dome

5 |
by a persoh, 'since 1t doss not take ato dccount the perceptusl’ and %
B . " - N £y
!Methods-Time Measurement System (Karger .and Bayha, 1966) is a .
% system which can predetermine standard timesusing standard motion~-pattern

data tables

< Zperceptual 1odd during filleting is discussed in Amaria (1975),
"Effect of Training Methods' on Oucput. Rate and Tield of Filleting.




. man-task factors can occur. The effect on work ‘performance of some of

other mental loads. P

The level of achieved performénce in any man-machine system is

Yetermined by a number of interacting factors. The factors, which may

,bring about optimum or, , the of

performance, can be grouped into different fla:egorles or systems like
hunan system, organizational enviromment system; general and immediate

work environment systems, and raw material input system. It if cbvious

that an almost limitless possible number of combinations of environment

these important factors can be studied by varying somé of the.individual
factors ‘ot combination of different factors .in various systems, while
keeping most. of the remaining factors.more or less under the sams’ condi=
tions. Figure 9 shows a concept of ome such man-machine “interaction
model for a fish processing operation.

As discussed earlier, while working in a fish processing plant,
the human operator is often under @ pressure from the management /‘tn work
at a maximun speed, ‘@ well as to rémove the maximm amount B =
(yield) from the fish. His work s highly repetﬂ:ive “and he is not’
usually free to work at his own natural pu:e. He 1is ‘also pmasuted by
his work colleagues to wosk at a rate which will provide ia smooth and
cot fnuous’ £1dw of matertal For successive operations. - Besides, He has
to work at & rate so as to earn a reasonable vage at the ehd of the day.

In an'average size fish plant which processes 12 to 14 ;‘p:.lnun kg of

£inished product per,year, and where the productivity and ehrniags for
the company and the workers depead on higher, yierd and. faster throughptit,’
the human operator is/often subjected to perform work at jpaxinin speed and

maximum yield. This he may achieve ‘at’ the expense of higher physiological:
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Loads.! -

- Therefore, part of the objective of this study was to observe

some of the rel between work ance rating
or speed of filleting and actual output rate) and physiological para-
meters (heart rate, blood pressure, and product of heart rate.and blood
pressure), which could later be developed to evaluate such factors as
work load levels, jot; evaluation, equipment comparison angd relative task
difficulties. Physiological measurements of men at work can be used to
Judge the degrpe of stress on the hunan body and to design the work
method so that the operator can perform the task 8 hours per day,”5 daye
per veek, withght undue fatigue. S X

The K:cmg working conditions in the fish plants are cbserved -
to be poor when compared s e types of food processing and manufac-
turich tndustry. Apart from working in told, humid and vet environment,
the general work layouts and methods of processing are not so efficient.
With the incfeasing shortage of food m{d cost of processing, the industry
s it stands, needs to ffave anesher Iank at making better use of the
extating resources of men, matertals and equipment, 50 as to increase
productivity, reduce processing cost and improve vorking conditiis of
operators 1n the plant. The Eish processor, the damufacturer of fish -
processing equipment and the worker representative should earmestly
consider the application of the concepts of "Operations.Research and

“Work Systems Design" for better utilization of the limited resources.
B < o

2.1.3 Studies in Fish Industry

A productivity study of the frozen fl;hk'ndlp;(y'in Newfoundland

IRefer to Chapter 3, p. 64 of this report.
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was carried out in 1968 by INBUCON.! The folloping were the conclusions

of that report:

u.

Labour productivity in the industry is low, the productivity
index of the plents ranging from 39 to 82. It is significant’
to note that in those plants handling a multiplicity of species
and packy the productivity is lower than those plants which
concentrate_on fewer species and pack. These differences are

not necessarily reflected in profitability, or lack of it.

The greatest factor to the low ty of the
labour itself, is that of ‘the underlying socfal structure‘on
environment. At the present time, it is not sufficiently
developed to provide the needef moEivation.

The basic measurements needed to identify and isolate the
various factors contributing to, labour productivity, control of
yield and effective work organization and planning are, with one
exception, missing or are mot used. 5
In general, the basic methods and techniques employed compare
favourably with those seen in Nova Scotia, England and Europe.
The main differences are matters of detail.

There is a danger for new plants t»e’l(q Vover engineered” in that

the degree of automation, mechanical handling, etc., being 3

1s not with the flexibility -
required, the skills presently available to service and maintain
the equipment, and the type of labour available to effectively

Srt on a Productivity Study of the Frozen Fish Industry in

Lugep
Newfoundland, Pha.ae II," by INBUCQN Services Ltd. (1968).




s thie sqipiet.

6. For better control of productivity and product yleld, individual
cutting as opposed to the carrent practice of group cutting can
yield significant benefits.

7. This industry must set up material and cost control systems to

; . : munmg{oducuvuy and throughput at all critical parts of the

operation. This fequires the provision of weighing of input and.

output, dévelopment of work standards, development of yield

< :
- mechantcal systems and infor-
mation feed-back for management control. ~ 2

7 8. The als holding lack the riecessary

* technical backg®und. .Out of 79 supervisory positions analyzed, ,
61 are filled by men under 45 years of age. OF this 61, 33 have
. rteceived formal education beyond grade 8, and only .3 havé post ’
high school training, this non-related to the Industry, There
z is a great néed for strengthening the supervisory skills in this

area." . o

In 1977, another report called "Canadian East Coast Ground Fish §
Processing Investigation' was prepared by Res‘eaz:b and Productivity
Council (R.P.C.), a consultant £irm from New Brunsvick, for Enviromment
Canada. The conclusions of that report were as follows:

"l. A study of thirty-nine East Coast groundfish plants, for. three .

species (cod, redfish and flatfish), reveals that quality of -

management more than anything else dictates the efficiemcy with

which the plants compete in the industry.. No dominant pattern

of advantage stems from location, size, extent of capital invest-

ment, or length of season. 5




Contrary to videly held beldst, soms of the seasonal plants
proved more efficient in’many respects, than other plants oper-
ating year-round. This compirison applies to such indices as
labour cost per pound of product, overall cost per pound of
product, productith time per pound of product and production per
‘dollar of capital investment. )

There is a capability within approximately 50% of the surveyed

plants to increase output from 10% to-over 100%, £ more fish
vere available and the plants recrutted prodyflion operators tq. o
use fuuy the exiating plant factlities. 3
Many plants incur additional labour’costs in done stages of the
pxacaas due to, the difficulties in organizing and balancing
labour to match the lover production flow when Elatfish are
being processed or some other feature occurs: There appears to

of labour so that

be a need for more ‘all-around ﬁlexibiy
packers, etc. should algo be dble to fillet the fish.

The study has revealed mde renges of performance by individial

I,

see values represented somewhat like this: Ray Material = 50%,

plants within the exlatrlng cost structure of the industry. A

rough approximation of thecost structure of the indistry would ,

Direct Labour = 12.5%, Direct Materials = 5%, Distribution = 7.5%,

“and .overheads = 25%. ‘Training and motivation o6f plant personnel,

> ¥
as well as of plant supervisors, matched with greater cost.con—

_trol can.narrow the great cost spread eyident between the exper-

it

 dence of the vnrat perfomners’ and the top performérs.

As raw material costs represent the gr:utest unuL Factor

within'the ‘cost stnmture, the grenteut amgu cost cutting

/

i




opportunity for the industry would be the improvemént ofﬁyieldz.

The labour cost increase. which can result from accepting slower

production rates to obtain higher yields 1s mininal as compared

with the benefits to be obtatned from lover material costs."

. Some of the important recopmendations by INBUCON and Research
and Productivity Council (R.E.C.), 1977, studids.as noted above, refer

to increasing ylelds and output rates of work performance. However,

Before one can proeed ‘to increase. productivity, it would be essential’
to understand the various factors which affect'work performance and

‘exanine. the' intérrelationships between work:layouts, size of £ish, = " -

. yields, speed of filleting and physiological loads on the op

working in the £ish processing industry. -

_ 2.2 SPECIFIC OBJEGIIVES OF THE STUDY +
- The:primary objactive of this study was to observe the relation-
ships ﬁemeen operator's work perfornance (speed of filleting! and
actual sutput rate?) and his physiologtcal psr!metats (mean heart rate,
blood pressure’-and product: of wiear heart rate and blood pressure)

" .during fish filleting a’pgrauun',,and_ac the same’ time collect sufficient

g erfornance rating system was used to'deternine ipeed of
fille\:ing. Refer ‘to Chapter,3 ,. p. 45 ‘of this Teport.

2Both actiial output rate of round fish (1o e processed and
actual output, rate of fillets (lbs-/hp) pmluced were cenlidered for
1nveuigation.

3Both systolic blood pressure ‘and true mean ' blood pressure-
(T.M.B.P.) vValues vere considered. "The Mechanisis of Body Function,”
- by Vander, Sherman, Lictano, ‘1973, p. 249 ;

‘rie. -__ sttolic +32 Dffstolic .. )
Lmd-

"“The" above systolic.and diastolte blodd presiure valugs are those
were zécorded just. after the completi

of e and
Btophysics of the Circulation'; by, Bnrton, A c. 1963. P..B6. . % 5




data to.observe thé effect of factors, such as speed of filleting and

size of filleting round fish, on the actualdoutput rate and percentagé
. 2

yield Pproduced. The effect of size of filleting round fish
operator's mean heart fate Ind pormal aucpuc rate (both round fish ana‘ T
| g filler.s) was also considered foxr invastigamrm. %% . # o 5

1 = e, upecific objentives of the Btudy were %o anerve the “rela-

:1onsh1ps between.‘

s (3 Speed of nueu.ng and mean heart - :xte af the ope:atot.

| 2. Speed of Elue:ing sind blood pressure of ‘the opem.g)m:‘ Bl

. Spieed of Eilleting and product of nm heart ra:e and blood

pressure of the operatﬂ 5 -
4. 'Speed of fulEtlng and actual qutput rate produced.

N 5." Speed.of £illeting and percentage yield produced;

’ 6. Actual output rate® and mean: heart, rate’ of filleting opetator.
7. Actual autput rate and blood piassuid of £illating operator.
'8.. Actual output rate and product of mean heazt rate and blood. -

27 " pzeésur; of filleting operator.

Stze of filleting m\md f£ish and méan heart rste of . tiie .

- ' operator.

10. Size of filleting rougd fish 4nd actuil output.rate produced: .
- 4y : ¢ : .
11 Size of filleting round fish anﬂ 'parcmikagé yield produced.

12" Stze of filleting roud £ish and’ norasl output Tate (bnth

rodad flsh and- £i1iets) 'p:dduc:d.

v of found ﬁsh pmcessed

o Kefet A::uu




82, ahd the average productivity of the industry was 57.8%.

CHAPTER 3 -
MATERIALS AND METHODS
-

.
3.1 METHODS OF MEASUREMENT OF OPERATOR'S PERFORMANCE
FOR_INDUSTRIAL WORK TASK i

3.1.1 'The Need for Workstudy in Fish Plants
©

@ A productivity study of the frozea fish imdustry in Newfou

Land, conducted hy mluc&h 11968) , showed tha: productivity in’ the

{ndustry was 1::.:, the productivity index in the plant ranged fi

One of the most s p ning to plant
operation was: "This industry must set up material and cost control
aystems to meagure productivity and throughput at all critical parts of
the industry. This H‘euld require the provision of weighing of input and

output, development of work £ devel Df yield

il

mu.anujl prrovemen:s, recording system and infornation feeq-hac_k for

m.l.ﬂugemem: control.

Anothgr recent scu‘k} of 'Cangdian East Coast Ground Pish Pro-
:eusing" by, Kesearch and Productivity Council (R.P.C.), 1977, shoved
that 1f proper measures were taken by the menagement, then the output

of at least half of the existing East Coast fish plants could be

increased from, 10 percent to over 100 percent.

i With statistics such s these, ‘it is Of the utmost importance

that the of the fish | 1 facility be concerned with

thel utilization of all the availabl such as material, equip-




ment, space, labour, and capital in a most efficient manmer, so as to
reduce the upEX‘ating cost and incresse output. For management to analyse
the operations in the plant, it must be capable of un&mézidmg the
human and physical limitafions of the system cmcemeﬁd. It must“also
be able to deternire the potential of the existing systems and this can 3
be done by studying the various work activities in the plant. Work L
standards must be p\md.fﬂnr the different vork tasks, Rates of output
! should be found and standards established for the existing layouts and
improvements made which would helpvto increase production and improve
. working conditions. ’ .

A technique| which has been used very successfully in many manu-
facturing and p(uceLBk\g iMdustries to mcxesée productivity is Work

{ ©
Study. Work study (cwn.sla:s of two components: 1) Method study, 2) Work
measurement. |
!

Method' study and work measurement techniques could be used to .
increase productivity, for establishing a standard cost of manufacture, ,

for payment of wageb to workers and as am”effective menagement control

tool. ¢ - : .

"The systematic procedure for sub-

‘ '/ng:hprl stud) 1e defined as
jecting 41 Miieak il SEUEENEE Spacationnte aloas BErIAR al HE i
ducing improvements resulting in making work easier to perform and -

1 done in less time and with less investment per unit"

allowing work “toyb

(Niebel, 1962, p| 4).
Work meajurement is defined as: "The application of techniques

designed to estailish the time for a qualified worker to carry out a -

specific job at a E;qﬁa level of performance” (Nadler, 1955).

5 % " There are |a| number of methods which can bé used for Setabliehing

3 1




work standards in the fishing industry. Sowe of these methods are:
1. Time Study
2. Work Sgmpling

3. P.M.T.D. (Predetermined Motion-Time Data)

3.1.2 Time Study Procedures
Time study is used to determine the "time" required by a quali—
fied and wel#trained person working at a "nSv{ia}V[a do a specific
task (Barnes, 1968, p. 342). This measuremeht of time is called the
standard time for the specific task or operation.
Normal pace is defined as: "The pace or speed that is neither

fast nor slow, but one which may be considered representative of .all-day

loyee" (Niebel, 1962,

by the P ve

. 216). Normal pace or speed is also defined as "the speed expected
of a qualifid person workfhg without incentive or at a day work pace,

using a standardized method, under average working conditioms" (Barmes,

1968, p. 385).:

. The normal procedure used in making tine studies may v;ry some—
what, depending upon the type of operation being studied and the appli-
tation that is'to be made of the data obtained. The following are :.h=
eight steps which are usually required for a time study:l

Secure and record information about the operation and operator

1

being studied. -

Divide the operation into elements and record a complete des—

cription-of the method, . .
3. Observe and record the time taken by the¥oplrator. 5

4. Determine the bumber of cycles to be timed. .

fotion and Time Study", by Barnes 1968, p. 349.




.
) .
5. Rate the operator's performance (this is considefed a very
important factor in establishing standards) %
- 6. Check to make certain that a sufficient number of cycles have
: been timed. : ' o _
7. Deternmine the allowances for perfonal needs, \mavotdshle delays,
\ fatigue, etc. i -
8. Determine the time standard for the operation using the following
) formula: f
Standard time CoxBansatiny

observed time x observed ratinj
for a job __ﬁ_—gpnml i + relaxation

aMlovances

When the time study 1s undertakes, messurements of the actual time

to perform the various tasks have to beobserved.' This recording must be

done-by a stop wstch and the introduction:of such a device intg ‘the job
3

situatfon must be fully explained to all those involved. This would include

the plant management, the workers and worker representatives. All three’
should be brought together to discuss the object of the study and how the
resulting information can be useful to both workers as well as n;anagemenx:.
The concept of 'rating' is used in time study to set time
standards. 'Rating' is that process during which the time stuly analyst,

compares m performance (speed or temg) of the upenar.or uuder obser-

} vation with thé observer's own concept of norml performance (sammes,

1968, p. 375). Rating, therefore, is a matter of judgement on the pare
of the time study analyst. As the results of the study depend on the

observer's judgement, the observer'has to be properly trained? such that®

his ions of a normal are correct. The concept of .

“wnat s sl _performance has been set by cettain known perfomancés

11 perfornance rating sysum. nomal rating is represented by 100
percent. "Morion and Time Scudy", by Bames, 1968, p. 380.

2Tratning prograns in time and motion study are offered by many
universlty Departments of Industrial Engineering. ”




or bench marks. Walking on a straight level path at 3 miles an hour is <
frequently used to CepERARErSTRAL TR, A, PRGEE SMEEE.E QASRSOE
cards igto 4 equal piles at a radius of L0 inches in 0.50- minutes is
considered to be pErfumin?nnrmal pace (Rapes, 1968, 5 336) " hese
bench marks, representing normal performance, are used in the beginning
for training people in performance rating. . Further training fs provided

s by using specially made rating films and on actual industrial tasks under =
the supervision of an experienced time study analyst. nasxuily, the con—

. cept of fair day's pay for a fair day's work has tp be understood as it

underlies the whole work study approach to a job analysis. If a worker :
* performs at a normal pace then he should conceivably be working at a levef *

which he can maintain during the work period and his output shall be what

his employer can reasonably expect.
v The two rating systems commonly used are described below:

3.1.3 Performance Rating System

. ; This is the mwst widely used system of rating. In this system,

.
a single factor, i.e., operator speed,’ pace or tempo is rated. The ... , -,

rating is in or in points per hour, with N

normal performance equal to 100, percent (Barnes, 1968, p. 380).

" As discussed earlier, normal performance or normal speed is the

speed expected of a qualified person working without incentive or at a

day work pace, using a standardized method, under average working condi-

tions. Walking on a straight level path &t 3 miles an hour and dealing a.!
- deckof cards into 4 equal piles at a radius of 104 inches 1n 050 minutes ot

IThe terms speed, pace, effort and tempo all refer to the'rate
of speed of the operator's motions. Speed and effort are terms commonly
used by time study analysts, and the term performance is gaining in
favour ("Motion and Time Study,' by Barnes, 1968, p. 375)." In this
report, all these terms have but a single meaning —- ‘speed of movement.
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used as bench marks to_represent normal speeds. A mumber of sotton
picture films have been made OF various individual operations containing
a éx,ffsr_em sequence of body, arm and leg motions commonly found in
factory work, at speed levels above normel, mormal and below mormal with
100 e Cant e L ALl THAe bpeRl Tevels o0 catiige Bew Badd
established by, a large number o tine study analysts (S.A.M.—The Society

“for of 4 rating files, 1950) These

£41ns are used for trai?lng o:hér time study personnel. Once a time
study lgan 1is properly trained and Has a cin: concept in his mind o
vhat-a normnl 100, percent performance is, hecan then compare this
conaept ‘of sormalipace with the working speed of the operatok ‘and

deternine the performnce rating of the operator,

3.1.4 Training for Performance Rating
P £1lns, 11 d

operations. at different speeds, are widely used for purposes of training
personnel in perfomance rating. Each film has a known level of perfom-

ance or true rating which is established by a number of time study

analysté. For ! e g" p Ses, the shows each of
these films to the trainee and then compares the true rating value with
the observed rating value as established by the trainee, for each £ilm
presentation, If any of the trainee's values deviates substantially frém
the true rating value, then specific information is given by the )
instructor to the trainee so as té justify the true rating. For example,
the trainee may have beelr‘x misled because of the high performance in the
handling of- the material to and from the work station, while poor per-—

formance prevailed during the cycle at work station.




Since the results of the tize-stuly depend on the observer's
judgment in rating the operator, it is therefore very important that the
observer should be consistent and accurate in his rating., In general,
the chserver or eime study analyst is expected to be regularly sble to
establish standards within plus or minus 5 percent of the true rate

. (Niebel, 1962, p. 284). To achieve this, two widely nm}lldered rating

analysts used in "rating g més are described
below, |

3 1.5 Craph of True Réting Versus Observer's Raging:
Rating Analysis Technigue

Figure 10, shovs the usual grephic pregentation Wherein #5 pexcent

error linit lines, OK and 0Y, go through the oxigin 0. mis geaph
indicates eich trainee the trend of his ratings (Niebel, 1962,

p. 285). A straight liniwnu)d indicate consistency whereas high irreg:
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Fig. 10. Graph shows the trend of ratings for three
(different observers, Also shows area of
correct rating. 4




ularities in both directions would Intcate taconstateney as vell s
inability to evaluate performamce. For example, line AB indicates that
the observer 18 consistently overrating or rating at a higher level than
vhat he should. The corrective action for hiz would be to lower down
- his concept of normal performance level and bring it (loser to the true
% . normal performance™level of 100 percent. On the other ham line CD
indicates that the obsnrver 1s consistently uderrating or rating at a
lover level than. vhat he should, The corrective dction’ for him would
. be to bripgYip his concept of normal performance level Gloser to the
" true normal perfirnance level of 100 pen:ent. Line 12345 mdicac'es that
the observer 1s quite within the acceptsble rating standard and r.ﬁu has b
a good concept in his mind of what a normal or 100 percent performance
is. .
. S

3.1.6 Average Percent Error--Rating Anslysis

T O |
First of all, percent error of the observer for each film shovn
to him 1s calculated by the fornula (Nadlexr, 1955, p. 436):

percent error = Sbserved nc:._n;—;;m ratig& 5100 -

. Erue rating <

The péxcent errors for gll observations or movie picture filns' are =~

added, incliding the plus or minus sign'of each percent error. The

@
total value is divided by the total number of observations to give

average percent error of the observer. For example, an average percent

e

error of +8 means that on the average, the obsefver was rating 8 percent 5

higher than the true ratings. The average percent error therefore

indicatés to the gbserver whether he is overrating or underrating and

Ry by how much. The corrective actién cen then be zaken by the sherver, N

This' process Ls.repeated t111 the observer has a good concept of noril




or 100 percent performance in his mind.
Figure 11 (Mebel, 1962, p. 286) shows the successive ratings
on X-axis and magnitude of error, either positive or negative, from the

B
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%
"
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N b
o
. ® :
2 Approximate area of correct rating’
=8 1w
i &
&
» _ .
0 5. o -1 20 .25 30
Observation number
Flg. 1l. Record of an analyst's nting mmra, le. o ;.
percentage errer on 26 studie: 5
true rating on the Y-axis. The closer the time study analyst or cbserver
comes to X-axis with his rating, the more correct he will be. B
The use of motion picture films and evaluation of one's ratings ‘7 -
by the above rating analysis techniques therefore helps the trairee to |
- achieve the required codsistency and accuracy in his ratings, in due ﬁ
course of time, ' {
'
H
1
| & N {




3.1.7 Westinghouse System of Rating!

Four—factor system: 1) Skill, 2) Effort, 3) Working conditions,

and 4) Consiatency of the operator,. is used fof rating operator perform—
ance. ‘ )

After extensive studies at Westinghouse plant), scales of mumerical
values fof each factor were developed, 8o shom in Table 6. The clm-study

Table 6: Pexformnce rating table (Lowry, Haynntd,
. Stegemerten, 1960)

Skill ¢ Effort '
+0.15, a1 Superskill A Excessive
+0.13 az ¥
+0.11 Bl Excellent 1 Excellent
+0.08 B2 B2
+0.06 c1 od a Good
40.03 c2 ’3 a :

0.00 D Aerage X D Average
-0.05 E1 Fair B Fair
-0.10 E2 B2
-0.16 F1 Poor n Poor
-0:22 F2 R

Condd tions ency
.- 40.06 a Tdeal +0.04 n Perfect
+0.04 B Excellent +0.03 B Excellent
40,02 c Go +0.01 c Good -

0.00 D Average 0.00 > Average
-0.03 E Fair -0.02 E Fair .
-0.07 ¥ Poor -0.04 ¥ Poor

analyst when conducting the studies also determines the level of skill,
effort and consistency of the operator and dlso the conditions under'which
‘he 1s working. "

There are six classifications of skill: poor, ‘falr, average, good,

excellent, and superskill, Skill may be defined as proficiency at

1927). First ih
"Time und mmn Study" by Lowxy, Hnynnxd and Stegemerten (1940), p. 223.




folloving a given method. Skill'or profictency at .folloving a
given method is influenced partly by natural ability and partly by
experience or practice. Skill at any given moment cannot be varied
at will by the operator. The operator may slow down or speed up, but
this.is changing effort.

Effort is classified into: Poor, fair, a‘ferage, good; excellent,
and gxcessive. It may be defided simply as the w‘Px to work. Effort ds

not related to the amount of foot pounds of work exerted during a given

period; but rather t the sest or energy with which the task at
undertaken. Sha™ ’
In addition to skill and effort, working, conditions which affect

the operator are such things' as light, heat, ventilation, noise and
vibrations, For example, the temperature in the fish plant is usually
1low, where the hands and fingers have to grasp the ice-cold fish, which
causes numbness to the fingers. Therefore, it is necessary to make some
adjustnent to compensate for the effect of the poor and unusual conditions
which exist at the particular moment the study is made. There are six
classifications of working conditions: poor, fair, average, good, '
excallent and tdeal.

In judging consistency, the nature of the element should be
considered. It must be wetghed 1n Light of the skill and effore of
the operator. Operators of high skill usually work more consistently
than less skilled operators. At the same time, high effort tends to
disturb consistency, particularly if the operator is not highly skilled.

When skill, effort, working conditions and consistency have
beer® determined, the performance rating table (Table 6) is used to |
convert.the different cbserved factors on a point scale: The algebraic
sum of these four polnts is.thed wsed as a leveling fackor for

normalizing the time.. For example, if the seected time for an operation
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“analysis, in terms of uctl.vlty of men, m.dunea and anymbeervuble con-’

o to deternine the percentage of the day Ehat an operator is @ g

. ¢ <

was 0,65 minutes and 1f the Tatings for 4 factors\yexe: 1) Excellent

skillB, = +0.08, 2) Géod effort, €, = +0.02, 3) Good.condition, C = 40.02,

4) Excellent consistency, B - +0.03, then the mormal tide of the opera- - L}
tion = selected time x (sumof the ratings of the four factors) . P

=0.65x0.15 =0.975 minutes Standard time s then calculated as:’

s, ¥ A
Stapdard, cime | & Nom 0§1 x — R %

200L Felamtion n].'ow_anoeu‘ s

3.1.8. Work Sawpling’ i ug 1 e g i

Vot saipling 15 néasurenent technique, “for qumcltatlve ey

dition of the operation,. In indéistry, it is used for: LS i

a) to measure the'activities and delsy of men or machines, such as }

| L . !

worling and percentige that he is not working. 1

b to eamlu.sh o perfopuance index or performmcé level of e

nper-c\: oT a group of operators.’ '

) to establish a time standard for: an operation. ek edd

-\ ork gaspling 1s based upon the Lavs o€ probibilty. A semple

taken_ st randon from a latge:group tends o héve the Same pattern of
dllr.ribytion as the, laige grow. The wozk sanpling progedure. in ite s

simpledt F at raidom mervuu’tf ote-

1&ts {n making

or more cperators or machines and noting Whether ‘they aré working or mot.

If ‘the operator is working, a.tally mark is placed under 'working,' 'Tf '

he 1s ‘idle; a'nuy mark'is made wider 'idle.' “The pexrcentage of the’ #

day ‘that the worker i1s working is. the. rutio of the mln\bqr of vorkin( tal].y

matks to the- total number of wotking and idle r.ally marks.' o )

1
Yiork sindling vas £irst used by L..C. Tippett is the Bistial . - ; .
Textile Industy. (1934).. Described fa. "Motion ‘and Tise Study' by Barmes . ; &
msa). p. 511, e




Table 7 shows that.there are 24 forking obsérvations and 6 idle

,  observations, or a total of 30 observations. In this example, the
| L Table 7. A vork.sampling tally sheet 8 a 0 {
State T fally Mark. = Total. . - Percentage:
Vorking* . AEC BRI BRI 2 80% &
> Idle i : 7. dEE 1 i o ) “ 20%
e Ta e, i et L metalit: Y- 30 100%

operator was pmdul:l:i.vely waxking fut-— x 100 = 807 of the ‘time and was
* non=productive for ?0- x'100= 20% of the time. If these 30 observathmav
were, made at random 1ntm.'valn through a mormal " uoxking day, then the

™ actunl amount of " time' of u.e day he was votkmg, and: the amount of’

'mue he was not'worklng can he calculated. -For an 8-hour day. the ngdu:—
s o ed amownt of.tine the uperam voild be wozklng :L!mo x 480°= 384 m1nuces,
and 1dte For 2 x 480 = 96 minutes: - The reliebility of prediction Ls higher '

as the mmber of-observations anr:iuu.‘ Invork sampling, the parfonm\ca
indék of ‘an opzrunot 18 call:uhr.ed as follows:
x of pleces pro- Standard time per
day

o Numbe:
. diced @uring 2 tece in minutes :
Performien. Snden. o tn‘aL‘uxu worked. du-r-i-llg dayS x60 - -

adaxd tine’ per pieca 1s siven 1>y. ; ; : £

= 100

i e & Average ‘perform--
2 Standard time' Total t'ime\\x Working' time x ance rating
/ per p;e:': “in minutes % .in percent 4n percent Comwsatinz

Toel musberof pleces produced . ﬁ{:ﬁ:ﬁg‘; -‘

., The wnrldng tm 1in ‘percent 1s found ssing vork saspling ‘and M

£y average performnce ratlag fn perceit 1s. doternined by a time smdy

analyst, using pnfotmﬂnce tating system..
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Work sampling can be used profitably for Wgssuring long-cycle
operations, work where pepple are iemloyed in growps and sotivities

which do not. easily dend the.maelves tw time ntudy~

5 S

. - Infieh fﬂletll\g, work sampling can- be used to defermiethe

¢ ’ X
5 S l,ayuut. by s:\ldying au the. upera:urs in’ th gmup, the plrcent_age work <

L
» Ellleting time for' o' gtved weight of procesded FisH or fﬂlets obnmea =
“can be uléulaced s follows: : 5
" i Productive - : - 4
P : : i working-or Avex'age petfgriance i
: Btandadd tine pa ma:..cm % filleting tine”x Tating i i
75 1bs. of pro- Compensating
in mindtes . inpercent 1n pértent 1
Gesped £iah/£illets = R R T e x 75+ Relamation .-
obtained per cper- hE lml‘: > bl"me T ) . «Allowances -. !
ator (dn minutes). 4o etis obtained R
L7 Standard oitput of processed. figh as vell as.of £1tlets
determined. . For nxump’le, e
Standard output ot i § T i e Ay
Drocesaed flsh' (lbs./ . Wedsht Of fish processed (ba:) " gohi ieos”
4 . hx./vpeneut——gm\m Stendard tine (Tyres) to - 00 Hlnbtes
e T lnynut) HE ¢ iiller. the pxoceutd wedght |y

a9 B




time standards were first published in 1948. WThis system is defimed as
a procedyre which analyses any manual operation or.method into the basic
motions required to perform it, an;i assigns to each motion a predeter-
mined time standard which is determined by the nature of the motion and
the- conditions under which it is made (Barpes, 1968, p. 496). The basic

motions considered by Methods Time Measurement (M.T.M.) system are:

reach, move, grasp, pesition, release, turn and apply pressere, disen-
v

gage, eye travel; body, leg and foot motions. The unit of time used is

one of*an hour (0. , and is referred to as

one time-measurement umit (T M.U.). e,

©  The present étudy involved the méasurement 6f parm:u‘s

such as performance rating; nunbex of fish per 75 1b. box; ¢
cutput rate of skin-on fillets, L.e, pobnds of skif-on fillets produced
par ours wnd peresntagayield of eikin-on Fiilats, Foka'ser of espari=
“hents so that the effect of size of fish and performance rating on
actual output rate (whole fish and fillets). and percentage yxeul could .
be u{\ldied, Undex.these circumstances, work sampling and Ptedstgmined-
Hotion-Tine Daca (P.M.T.D.) systems could not be used bacause r.'hrsa
systens, chough useful for eotablishing tine standarda, do mot thvolve
_the actual measurements of parmerem/a:g\as weight of fiuecs,‘ per-
formanica Tatingyspesd = ylald gEtect and therafore ik:wasimot paksibiis
& study tife’ relationships between different parameters, as outlined
before, for this fnvestigation. ' . !
Perfornance rating system was used to rate ¢he speed of Filleting

of the pperators i this study:! The fnvestigator was well-acquainted

Pt

Lun tnvestigation of ‘time study practices among 72 companies
showed that 80% used the 1007 syStem, 127 used the point system, [7% used
the Westinghouse system and 17 used other systems. “Motion and Time
Study,” by Barnes, 1968, p. 380. 3




with performanfe rating concept and was given proper training about
performance rating by his supervisor, Dr. Amaria. Different rating
. films along with a sec of "Rating of Time Study Filmé" by S.A.M. (The

. Society for Adyancement of Management), showing differemt sequences of |

body and arm mdtions, commonly fouhd in factories and showing operator

the |same and different at’ differeat

speeds from 75 |percent to 150 percent (already rated by the experienced
time study anallysts); with 100 bercent as the normal speed, were studied
by'the author ynder supervision of Dr. Amaria. Film loops showing the

details of fish filletingoperation were also studied carefully. Various

rating analysis| techniques, as described earlier, were used to achieve the
consistehcy and|desjred accuracy (£5,pércent error) in Yating, before this

ouyt. The time duration for this whole rating-

. torvestigation whe Carrid
training was abput 2 mopths. After this training, the investigator was

also involved i)

racing the subjedts,with other experienced time study
. snalysts, perfoiming adtual filleting operations on an individual type
tablé®layout 14 a Newfoundland fish plant. The average rating of the

tavestigator whin conpared with thdse of other time study analysts of the

group, was found satisfactory, i.e., within #5 percent error of the group
v "

average.
8 4 rao Work for an Imdustrial Task.
* v Once thd rating factor for a task is determined, it can then be used

to determine thd mormal time and the standard time for the task involved. .
: "Normal tilme for a task is defined as time required by a qualified

: and weli-trained person working at a mormal pace, to do a specified task.

Tn equation, norpal time is as follows

a o




Actual time per Job x observed rating of
ve:

the
Normal time erforming the task . .

per job Normal rating .
.« where Eoa
a) Actual time is the stop watch value recorded for the Work %
: period. s -
| \ " 1) Observed rating of the operator is the average of the ratings .
recorded by- the time-study analyst during the work period.
) Normal rating is established as 100%. { £ "
ERWTY and Relaxation Allowances

The normal time for an operation’ does ngf contain any Kind of
allowances. -The standard time for an operation’ is equal to the ngrmal
time plus the allowancis. The operator may take time out for his

personal needs, for rest_and-for reasons beyond his control. Allowances
" ! X

£ for such to may be classified as: 1) personal

allowance, 2) fatigue allovance, 3) delay allowance, 4) miscellaieous
N activities aliovance: T : N w
Personal allowance: The amount of personal time. tequired will
vary with the individaal more than with,the kind of work. For light <
work' uhere the operator works 8 houra per day, 2 o, 5% per day 1o a1l .
that the averagé worker will use for personal needs (Birnes, 1968, -

Qa Lo -

Fatigue sllowsnés: Tatipie resulfl from s mumbar of ceusas;
aom§ of which are phystesl as” well as siitar,, .4 person needs rest when __
» Tda:work involves heavy physical exertion. Time needed for test varies
% vith the individusl, with the length of the taterval in (he,ﬁ\ycl& during

Mich the person is under 2oad and with the condition under whid\ the 2




AN

work 1s done.
Organized rest periods during which time all employees in a
department are not permitted to work provide opfffof the best;solutions
¥ to the problem. The optimm length and number of rest periods must be
determined. The most common plan is to provide one rest period during

the middle of the morning and one during the middle of the afternoon.

| The length of these periods ordinarilly varies from 5 to 15 minutes each
(Barnes, 1968, p. 396). N &
Delay allowance: Delays do occur from time to time, caused by -

fhe machine, the operator, or some outside force. It is expected that v

machines and equipment will be'kept in good repair. The kind and améunt L

i ’ of delays for a given class of work can be determined from an all-day
) time study or work sampling studies mnde‘nver a sufficient period of B i
time. “a 3

Miscalleneous work allowsnces: The amownt of mfscellancous
allovances will depend on the type of work involved. For example, in
5 fish processing, during the filleting and trimming operations, operators
*have to sharpen their knives at regular intervals. Or.her miscellaneous
work involves the pHiding of enpty and loaded fish \mxes and fillet pans
“to and from the mnveyox beltto the filleting work tdble and also
cleaning the cutting table with a sprhy of wager to renows aline: md

. guts. - $ |

- . Amaria (1974) showed that fllletlng operators normally tock 3/4

minute to sharpen their knives, at an average frequency of five times
a
ey hour. This amounts to an average of % hour for an 8-hour working

shift, or 6 to 7% of the normal-time. .He also observed that the fre-

quency of cleaning operation, i.e., cleaning the cutting c{b';l,e with




,
spray of water, depended on the quality standards in the fish processing
plant and it varied from twice a day (before lunch break and at the end
of the’ day) to about 2 or 3 times per hour.

Etaniledd time cunbe astabiidhed vhoo: the ompensating ani

relaxation all are for the particular job. In equation,
Standard tive _ Normal time 100
per job per job * T00-percent allowances

When a standard time for a task is established, it is used to
deternine the standard output for that particular task. In fish plants,
the actual, normal and standard outputs of roundfish as well as of
fillets are calculated as follows: . :

Aétual output (raundﬂsh) . Weight of round £ish processed (Ibe.)" . ¢0 minuces

(ibs. /hz.) Actual mm (ainutes) to fillet
the processed weight

Meight of fillets obtained (1bs.) . eo minutes

Actual time of filleting (minutes)

‘Actual output (fillets)
(1bs. /hr.)

The actual output of roundifish represents ‘the actual quantity of

round or whole fish cut by the operator per hour. This depends mainly

on the effort or the speed of filleting used by the operator. Tha actual

output of fillets representé the actual quantity of fillets obtained

from roundfish by the operator per hour. This depends on the skill,

@fort and axperience of the cperator if other factors such as size

(length) of fish, work layouts and general working conditions, etc., are
& -

kept the same. s

Normal owtput (roundfish) _ Weight af zound Hah processed Cbs. s §
(1bs. /hr.) 7 Womal time Gainutes) to fillet K80, MAAENE
P el

Iloml output (flllet:a) . Weight of fillets obtained (lbs. » ¢
(1bs. /hr.) Normal time (minuteg)of filletimg * °0 minutes .




Standard output (roundfish) _ Weight of round fish pmceuad‘(lbs 760 winitas
s) to

(1bs. /hk.) Standard time (minute:
. fillet the processed weight

Standard output (fillets) _ Weight of fillets obtained (Ibs.)
(1bs./hr.) Standard time (minutes) of filleting

x 60 minutes

The standard output (roundfish or £illels) is the output expected
of an average skilled operator, working at & normal pace under average
working cnnditians and using a standardized method. This can be uded for

\ establishing a standard cost of manufactire, for payment of wages and as
an effective management control tool. ¥

Another factor frequently used a5 a measure of operator's per- 4 ®
1 _formance in the fish plants is pércentage yleld. Yield is defined as the

ratio of weightof fillets produced (1bs.)-to weight of whole fish processed (1bs.).

Weight of fillets produced (lbs.) .

Yield % TWeight of whole fish processed (Ibs) * 100

& In fish processing, where the cost of material is considerably

higher than the cost of labour, the amount of meat that can be filleted .
from a fish is more important man/uu of output. Yield, therefore,

5 y

is an important factor in the ova?nll work performance of the fish -

processing plant.

.12 Sample Calculations of a Fish Fi; leting Experiment, i
. Conducted during’ this Investigatio: i é . :

Sample, caleulations haye been .carried o}t here to illustrate the

use of above mentioned formulas, for experiment I of subject number 1.

Data available for this filleting experiment (Tables 9 and 17): v

) Weight of whole codfish processed = 75 1bs.




=2

S

b) Actual observed time to fillet

. codfish of processed weight = 5.35 minutes
©) Aversge observed rating of filleter -
during this filleting experiment = 117.1%
. d) Weight of fillets obtatned (skin-on .
5 weight) = 33.5 Ibs.
/. v
@) Mean heart rate df filleting operator

during this expefiment 124.8 beats/minute
£) Average diastolic blood pressure (Da)

of the operator, recorded just after

the completion of this experiment = 110.5 m of Hg

Average systolic blood pressure (S,)
of the operator, recorded just after . .
the completion of this experiment - 47 171.5 om of Hg

Calculations performed (refer Table 17)

()" Actual ‘output rats Weight of round codfish

- rocessed (1bs.)
o smund Coqtiah Actual time inmutes) 0 ELiTet: 2 OO BINILES)
(1bs./hr.)

the processed wei,

n

sgs x b, b

= B4L.1 (ibs./hr.)

- (2) Actual output rate Weight of (skin-on) fillets .
of fillets (skin- _ obtained (1bs.)
on weight) (1bs, / Kotual time of filleting (alnutes) * 60 Winutes
hr.)

375.7 (1bs. /hr.)

Actual time Avefage observed rating
(3). -Normal time of _ of filleting of the operator
filleting Normal Eatiag:

performance rating systémsf normal performance or rating is

2
# | represented by 100 percent (Barnes, "Motion and Time Study," 1968, p. 380).




u

(4) Normal output rate
of round codfish =
(1bs. /br.)

(5)" Normal oulput rate
kin-os

(6) Percentage yield
(skin-on fillets)

m e}
mean blood pressure)”

Lug,

5.35 x 117.1
100

6.265 minutes

Weight of round codfish

rocessed (1bs.)
Normal time (minutes) to fillet * 00 Minutes

the processed weight

75
6.265

x 60 .

718.3 (1bs./hr.)

Weight of (skin-on) fillets
obtairied (1bs.)
Normal time 5minute55 oF Fiilecing * °0 minutes

33,

320.8 (1bs./hr.)

Weight of (skin-on) fillets produced (1bs.)
x 100

Weight of whole fish processed (ibs.)
33.5
75

x 100

44.67%

Systolic blood

ox Piastolic blood
pressure (Sp)

+
pressure ADj)

®

thainlogy,” by Vsnder, Shemm and Lucuno (1975),
hysi the "

p. 249, " and
(1968), p. 6.
p.421.

“"Review of Medlcal P'hyslnlugy", hy Ganong, W.F., (1971)

, by Burton, A.C.,

ey

¥
i
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Ree E
. L5+ 2(110.5) |
= 136.8  (mm.of Hg)
(8) Mean heart rate ¥
(H/R) x Systolic
blood pressure
(sp = 124,8 'x 171.5
= 21403 (beats/min x mm. Hg)
(9) Mean heart rate . /"—'_ .
- (H/R) x True mean
blood pressure | - >
(T.M.B.R.Y = 1248 x 130.8 _
a
. . 5 16323 (beats/min x mm. Hg)
- YT Y i W
-~ 5 ‘
3.2 METHODS OF MEASUREMENT OF OPERATOR'S PHYSIOLOGICAL
LOAD FOR INDUSTRIAL WORK TASK .
0
One of the most important processes in the human organism is the
_change of the chemical emergy of food into heat and mechianical work.
s
& For nomal functiohing, the fissues of the body require a reasonable

¢
+degree of coustatency uith respect to certain factors like temperature,
aseldity, food supply and oxygen. The primary function of the cimulltiun

of the blood 1s to ;nsure the preservition of the sonstant internal

i enyi:mnt by transporting oxygen, high energy food matertal and

hnmanes to the tissue cells, which cbtatn snerzy from then by bresking

them dom throsgh definite pathyays to end products which afe lov in

lenergy, such as water, carbon dioxide and urea. By these metabolic *

ro es, energy r and used for mech, work via the

chemical pathways in the muscles' (Grandjean, 1971, p. 43).
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Oxygen and glucose, the most important substances for the
development of emergy, are stored in very limited amounts in the muscle.
Therefore, both must be continuously supplied to the muscular system by
the blood. Thus, the supply of blood to the working mudcle can limit
nuscular performance. During work, the demand for blood in a muscle
Tises ten to twenty fold. Physical work demands the following adjust—
ments and adaptations in nearly all body organs, tissues and fluids
(Grandjean, 1971, pp. 2, 53, 54):

1. Deepet, more rapid breathing.

B 2. Increase in heart rate and cardiac output.’ .

3. 'Vasometer changes which consist of dilations of blood vessels
to the affected organs (muscles and heart) and :ﬂnttac;mn of 3
other organs (skin and gut). This causes extensive haemodynamic
changes 1o the circalation, shunting blood £rom the resting to
the active tissues to increase their‘supply of oxygen and other

" energy-giving materials. )

4. Rise in body temperature, which accelerates the chemical reac-
tlos in metabolism snd this sids the transformation of chemical
into mechanical energy. ’

5. Rise of blood pressure by which the pulse volume rises and with

|

!cardsac output = stroke volwe x heart Tate
© (ml/minu (m1/beat) (beats/min. )
"Hunan Physiotogy', by Vander, Shemman and Luciono (175), p. 241
whereas stroke volune : is the voluse of blood ejected 1to the matn
artery by each ventricilar beat (ul/beat)
heart rate  : is the number,of ventricular beats per minute
cardiac.outputi 1is the volume of blood ejected into the main
artery by each ventricular (ml/minute).




it the blood flow from the big arteries to the working organs,
6. Rise in blood sugar to increase the rate of sugar delivery from
the liver to the tissues. - '
4s physical work continues, secondary effects occur. Most, .
I‘anortnm: are changes in the chemical composition of the body fluids. 7
End-products of metabolism (e.g., lactic acid) incresse, snd the kidneys
have to eliminate more waste products. wn’:h muscular work, the internal
temperature of the body rises and overheating 1s avoided by incressing |
the rate of heat loss by increasing the blood £low to the skin, and by
. sweating (Grandjean, 1971, p. 54).
One’ of the moat Lmportant problems of industrial physiology is- .
to design the work method so that the operator can perform the task 8
hours per day, 5 days l;gr week, without undue fatigue. Physiological 2
measurements of the worker on the actual job or on a simulatéd operation
can provide useful information pertaining to such problems. In work

physiology, the physiological load pr physiological cost of the work is

used to judge the degree of stress or total emergy expenditure by the
human body during work and {s. measured by the parameters such as oxygen
consumption, heart rate, blood pressure, ventilation, rectal ‘temperature,
skin resistance, etc. Out R various physiological parameters,
oxygen consumption, heart rate and blood prebsure are the most comson

{ : ’
3 to be used in indusgry, mainly because fhey are easily measured.

Grandjean (1971, pp. 46,47) states that energy expenditure as’ measured
¥ by 0, conewnption is only a measure of physical work. It does not tell
us anything about mental stress, about fatigue of sense organs or of

+  skills, or about special physical stresses like heat or one-sided static
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stress. Thug energy expenditure should only be used for critical exami-
nation of heavy physical work' and not on research into mental activities
and skilled work. He also observes that in activities involving special
stresses, as méntioned above, in addition to the physical vork, heart

Fate, blood pressure, ecc. give 3 Batter measure of total stress on the
" operator, than given by energy expenditure only. \ e
In fish processing, the work is repetitive and Mghly skilled

and :he a are, alko! ed to frum

and
mmm rzquizgmmts frow’ 1ncancive syetema to work for maximum Sutput
a4 for, pextmun yteld. Under thess conditions héart rate and blood
pressurg of the opetator”could rapresant a beiter measure Of total

. sttess or ‘phystologteal Load on the operator than given by 02 consump~

. tion, etc. Tor this investigatien heart rate and blood pressure were

choses s vha and, their rel with work

performance (speed of filleting and actual output rate) were studied.
Another  physlologteal paraiater, L.85, 0. consumption, could not ba.
studied along with heart rate Bnd'bl.no‘rl pzessm—'e. 66 i ko i
" thiat the:use of 0 . unulrl have is

w1th the filleting work and could cause.a serlous aceident since né

operator was using a sharp knife, It was mich caster to measure blood
pressure’ and heart rate using a telemetry | davice. .

; T

At. rest, man’has a constant energy consumption whose magnitude

depends- on welght, height-and. sex. Energy consumption, expressed in .

_Kilo-calories (K ‘cal) is measuréd indirectly by meams of 0 consumption.®

Lfor each litre of 07 consumed by the — body, there 18 an -
average erergy. turnover of 4.8.K call . This is called’calorific value

of oxygeh. = Oxygen consumption is usually measured By gas-meters,. carried
on the back of the subject. ¥Fit(1.ng the Task to the Man", by E! szdjean,,
1971, p. 63.




At rest, a man weighing 70 Kg has energy-consumption of about 1700 K cal
per 24 ‘hours, and a woman weighing 60 Kg has enerfy-consumption of about
1400 K cal per 24 hours (Grandjean, 1971). As o#bn as physical work is
performed, the energy expenditure rises. The difﬁer«;nce between the.
energy consumption at work and at rest ais Axpress‘ed .1n work calories.
Lehnann and his co-workers (1953) Imeasured the energy expenditure”

in different ‘oceupations and found that for men tlie values vary from <

2400 & caljday to 5100 K cal/day for gl nual work, e.g:, P-

“ing, and for ' heavy bodyivork 5 Famm sting,. red .

|He concluded that the ok ‘calories indicated _theeXtent of phyucn o A

stress and ould be used £o evﬂluate‘ the vork.. ‘An energy. cunsump\ﬁz

of 4800 X ca} per working day (yearly avérage) is Bcl:epceﬂ today by most 5

work physiologists as a maximum valia for Hieavy work (Grandjean, 1971,
. 48). :

The heart is a muscular pump that imparts sufficiem: kimtic energy
to thie blood to mve 1t through the'capillaries (Figs: 114 and un). Blood cnr‘des
oxygen to the brnln and ‘ald ‘other. parts of the body. Tubes caued’ veins
bzing biéod to the’ henﬂ:. Other, tubes called arteries carry blood away
£ron. the heart. mesulators called valves control the flow of blood
:h'mus,h the heart itself. The walla of the heart are made of a spectal
LA60/0F mighla. TNL YausE woonts dhktrents st palanes Segilaviy and , '

continuously. One heart or vedtricular beat is a complete contraction

and relaxation of the heart muscle: Heart rate u deflined as the  number
of Teart beats’per minur.e. /A" man"s. heaxt norialiy. bedts about 70- tinsa

" mingte, but the'rate chianges to provide:as much oxygen as his body
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* stress as a work '\Qut in.which the pulse rate doek mot continve to

needs (Vander, Sherman, Lucispo, 1975).
Karrasch and Muller (195].)1 found that within certain limits, -
working pulse rate and body temperature show a linear relation with

‘ 1
energy expenditure or performed work. They defined the upper limit of

rise, which results in a return to the resting pulse rate within 15

minutes of the end of the wopk®period. Host work physiologists agree

that this optimem limit of performance is reached vhen the aversge pulse

rate?during work lies 30 beats/minute above the resting pulse rate

(GEandjean, 1971, p. 56). It has been" shown by experiments that work ~

pulse depends not only on’energy consumption, but also on the Heag load |

.and the type of muscular activity. Thus, heart rate, a measure of both

heat load and muscular load, is regarded as a better guide to total body

stress than e of energy « 1971, p. 57).

The values of various physiological factors at different work

loads as found by Christensen ‘(1964) are tabulated below:

Table 8. Criteria for critical examination of work loads.

B Giygei * | Gng | [ Heast Rectal
. Work Load Consumption Ventilation  Rate Temperature
. . litre/min  1litre/min beats/min % - E

Very low (resting) 0.25-0.3 6-1 60-70 37.5
Low ¥ 0.5-1.0' 11:20 75-100. 37,5
Mediyn @ 20-31 44 100-125 37,5-38.0
High ‘ . 31443 125-150  38.0-38.5 . .
Very: high: C43-s6 " 150175 38.5-39.0°

tremely high (sport) 2.5-4.0 60-100  Over'l7s Over.39 P

. piscussed in “Fieting the Task to the Man', by, E. Grandgean, 1971,
p.55.

21 pedteal -physiology, the terms 'average pulse Tate duting, wmek'
and neun ‘heart ‘rateé during unrk' are 'pame in value.

e “PiFting the, Task o the m’n",’ by E. Gta}lﬁje;n, iz.' 6.




Christensen stafed that the heart rate and other physiological parsmeters '

such as oxyggo Tcnﬂump(im. rectal tempgrature, etc., could be used to
judge the degre¢ of stress on the human body. L

The blogd in a circulating system is always ‘under pressure.

Blood pressure fs-the pressure that)blood exerts against the walls of
- AL the arteriés. ‘Hlood pressure depends upon pumping action of the heart,

‘. the peripheral jesistance offered to the outflow of blood ffom the

arteries, which [varies vith elasticity, and the volume of ghe circulatory

blood.: The blodd pressure is varied during physical activity to provide
< -on adequate blood supply, Arterfal blood pressure of man is usually

measured in the prachial artery of the arm. The maximum pressure caused

by the systole period) of the heart is termed as systolic

pressure and thd minimum pressure in the artery between the heart beats,

1i.¢., pressure 4t the end of the diastole (relaxation period) of the

_heart, 1s knowi las diastoli The between systolic

and diastolic prpssure is called a ppiSe pressure. The systolic pressure
4s considered as|an index of heart emergy expendetl and indicates the

strain to which the arteries are subjected. The diastolic pressure is

red as a measure of peripheral resistance’to the.circu- R 1

generally consi
lation of the bldod.’ In general, it is shown that limits in normal

Andividuals- al: rest. nmga for systolic pressure from 110 to 135 mm Hg.

and fwr ‘dtastolic| pressure’ from 60- to 99 mm Hg. and for pulaz pressure

{5 £xom 30 655 mn fig. (Glyton, 1974). . . .
Bevegard [1963) found ‘that ‘systolic pressure: taken at the

apparently. steady|state level was Snighty propertiaial to the 1n:=nu.ty

. g of work. At maxihal exercisé, syatnlir. pressure ey :euﬂ\ Tevels well

above 200 ma Hg, pr 50 percent higher than at rest.
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tl

He has shown that reason—

1
Feinberg, H (1958)" has suggested "Cardiac Effort" as an
indicator of work required of mscle tissue.
ably good estimate éan be made of cardiac effort from the product of 5

\ heart rate and systolle blood)pressure. :

Some studies have been carried out in tie past to observe the
' effgct of adid environpental factors such as moise, temperntnze, ete.”

A on the physiological loads of the operator. mndje.ﬁ‘ (1971, pp. 118~

135) observes that the noise can &ause a rise in blood pregsure; accel-
- eration of heart rate; increased me:abouc‘ zate and incredsed muscular
tension. In both the llhorar.nzry and the mduetrial situﬂtiuns, nnlﬂ

s locked upon ss uncopfortable. Noise causes an Sminnent w atten~

) \
' tiveness ‘and requires increased efforts for the execution of difficult
. * yasks and this inducés increased mental stress. The following noise

.
levels have been suggested as maximal for factordes:®

i 1. Frequencies mafuly in excess of 1000 Hz: 85 decibles &

’ 2. Freuencies mataly below 1000 Hz: 95 deeiuea :

These maxinal values are valld for Lotg-lasting exposure. (up to-

. a year) to noise for 8 hours a day. . ?

L, . Brouha, L. (1960) uba”ved a pr@maamﬂy 1increasing cardiac
4
1

For a

cost’ duitng Yotk as the &

fifteen minute work and twenty minute recoyary ya'd.od. the' total number

of heart beats more than doubled when the thermal load vas increa.sed

to

from’ ental temp ‘75,

90 Fa.hx‘e.nhelt.

cm\di:icms, thy efiec: of . cold e ‘an r.he h >gical s e (

men:u of the operator. {s not well Yénotm. nyu has been'noticed

3 vll‘ ey
by De Vries, H.A. 1971, pp. 48-50.
| ‘Discussed in "Fi:ting»




3.3 PREVIOUS WORK RELATED TO HEART RATE, BLOOD PRES;I& -

. .
that ¢ven a small drop in intemal body temperature is sufficient to
initiate shiveripg which can interfere with co-ordinated muscular acti—

vity. Cold Weather clothing, if adequate to prevent excessive body heat

loss, is heavy and bulky and results 4n an increased encrgy cost to

" perform a task .and in a reduction in _speed of movement. Aquther problem

conhfronting individuals who must pzrform wurk in the cnld 15" ‘that of
keeang the hands and fingsrs warm witl\out interfering with their use.

Handvear ith, suff cxent insulating Vel v proveny a§ces:ive coolng

of ithe £ingers 4111 usually, because of thickness and type of material,:

reduce finger dexterity and decidedly ‘limit the operator's performance
in tasks requiring fine manipulative finger movements (Simonson, 1971,

PR 35). - o '

Maitra and Koyzl (1971) studied c‘v’.é effect gf increabing work °
N ' = " . N ;
by 1 Ke/sec. per minute on healthy malds, age ranging from 18 to 23

years. The vork was.carried out in a hot ervironment (34° Centlgrade

vith relative hunidity 90 percent) and vis measured on MolleTs. magnetic
trre ‘bleycle ergometer.  The yom work-done virked from’ 570 to w280

¥s uith mxmpwnmg»dumﬂn o time varydng frém 15 fo:20 m.num

for the mdma S sibjaee. The heart rate per minute yds fmmd to, £,

mcmase in. diffezem; phases./ At-the start of exercisg, the \rise in m

B - —




and at the point of exhaustion systolic blood pressure shoved a -linear
o v
rise with vork load. =

In mo:lrr e:p;ment by De Vries and Adams (1972) a total of twenty~
e

four neam(y\ men, tue old (mefn age 69.2 years) and twelve young (mean
age 16.7 years),vere asked to exercise for six minutes at ehch work load

on a bieycle

Tgoneter g 60-70-80-90-100 vyks. Heart rate,.systolic.<
blood pregéure and oxyggwnsumllon veré measured at sceady state (6th
miuée) and cardisc effort vas estimated from feart rate and st
Blood pressure’ Product in order to exanine m nature of 1) the systolie
“haood pressure/wbrk load rela.ticns‘hip, and 2) the cardlac effor/total
body effort relationshiip for the'two' age groups. The regression lines
found for both relationships in both age groups were linear with a g
level of confidence~(p< 0:001). Alt\hongh there vas a consistently
higher blood pressure teapnn‘?gjnt all work loads for the older men,

the

0 difference in the ‘rate of ircrease in systolic blood pres-
N e

sure with ingreases in work londé The regression for cardiac effort/

tm:u.l body -effort was not ligniﬁ.glntly diffemt between ‘the two age et B

groups, altl\uugh a'trend towards’a steeper Iegrenainn id, olde! men’ Was

nbservew' K 3 ® : o

.. To determine the wlation betusén percetved exertion and physio- < -
- Togical in : of auriff exertise; Gamberale(1972) analysed

the results for tvelve healthy male sisbjects (age 20 o 35 years, ‘body

wei’gn: 56.to 82 Kgs, HeLght 165 tp 190 ‘ems) working with a wheelbaxrov,

with lii:i.ng of -wetght ‘and on a bieycle ergomster. leart ate vas

measured and ira€ing of pdfce1va. exertl’nn (m) vas recorded at i€ fex

work loads’.. The :esnlts shwed that rating of p:tcelled\ exezcim’. (m)

i related 0 heart me e faiﬂy ].ine iy in:espactlve o the.dina .



of work.
' Tarriere and Andre (1970)l carried out shopfloor’and laboratory
studies in a French car manufacturing comany, to evaluste the enargy
expenditure brought about by certain postures. and the effort reduired to
Hw/;'k atcvarious levels above the heart level and ‘{ \{artoualxatuyof work.
They‘founa out that the energy expenditure for different basic rest | - 7y

. poscurea Varied, greatly and the 1mxease in heart rate during effort

varied acwrdingly to the posture adopted: If work at'heart level is

. taken as ref it has to be by 20 percent at teye level'
i .

| 5 .andf:y 65 percentyat the maxlimum height sbove the'head: ™. ¥ 3
P:Lmay, P;‘t and Deroanne (1959) carwiod out & study In which ;

heart ratey and body vete d in tvét

men walking
‘on a treadmill during half an hour in a very hot enviromsent 46°¢,
tyy 3°0%with an. energy expendicfe of about 1llitre” Oyfatnute, A Linear

positive relationshly vas found bemeen ‘the two parameters. From one-

subject to another; the extent of cndiac reaction varied cmsidembly
on the average, ¥hen body zenya*ature incuased by 1°C, heart rate

jexe 21 and 46 beats/ 5

incréased by 2.3 be‘ags/minute. but extreme valu

. “ minute: The the i-ae"uf heart

Fite asa ~d2:1ng muscular-exércise in
s T

N " Hot env:.mm:. . 4 - . wmll R

Burgef (1969) pninted but that t:he masvutement. of héart rate has

v\’hish Vﬂidiw When hewy, pr—re mlscular work s rcomdezem Higu- S i

¥, r.hure are na.ny zes:rmiuns on'its vaud).ty vhe!\ quscular vork of

of nditinns are’ cons: dé;ed. He put farward a uew conl‘.gpt ‘of circulutozy
Con

: zma 1970, Vol. 553 N 1,
s - !



5 4
load" dnd suggested that other physiolpgical measurements such as blood
pressure and stioke volygg équbined with heart rate be used to give a : 8

- .
better indication of the circulatory load.? v o

N Ettama and Zielhuis (1971) used mental load? for the imyfliciticms
- of tnsks calliﬂg on tha infamltlnn handling tnpacily of nm An expexr-
meut nelng 24 subjects (12 ‘male and 12 female studem:s. age. 20° to 25

years) vas conducted vhere a slmple binary choice task was used, vith

severad) frequencies of signals‘to be mswéred; this providing different 5

loads. A rise in heart rate, and_ Lsystolic bloed pressure was "found during

mental load. The' €ffect was larger, vhen the rental load, L.e., mmber
of signals/uinute was higher, wich stgnific;nt values & at a level of

= $<0.05. “ g

The effect of physical training 6n physiological adfustmepts to |

work in older men was studied by Tzamkoff (1972). Pifteen sedexitary men

sged 4%-66 years vere given avorage two sessiois of 55 miustes cath pex )

gh e veek for skx months in vigoraw physienl trattdg programes. Activities

* tncluded tennis, handbal; padileball, swimning, Jogging and valking.
Before and at_ the middle and end of the training pertod, theix aﬂj\lat—v

ments o Ean?lkd ten—m.nute walk at 5. 6 Ka/hr. up a 9% grade- and ‘to

exhageting vo’_rk on treadmll ugxe dgr.em!.ned. The. e_nergy cost of the '

. terminute walk,was: unchanged, but Blood Lactate and heart rate in this °
* ‘work.decreased/ on the 'average by 36%0,and ‘8.62%respectively, with
PR ) ®loireutatory load 1s. expressed as a pmduct of: mean. heart nu.,
blnad preaaure and sf.rakc volume, .

o : ) ot

nndified concépt ffom Feinberg 2 (1955)._ @

3Mem:al load was egéussea not by the complﬁxt;y "o the. task but.
. by the intehsity of the task (l.c. the aEuat o
unit zi.me)




tkaining. .

An investigacion was made by Nemecek (1976) in a textile factory of »
3 strenuous task performed by women, in Iihich 2200-3000 Kg per day were moved i
by eactiTad. The work was chzral:terized by ahigh proportion of static

g x muscular effort and by an unnatural posture. Twenty-nihe women were

studied.: During vork, pulse raté was recofded'by telemetry, It yas

i< fbserved that working. pulse of 30 beats/min. vas exceeded in about ‘one-

third of all cases. _Feelings of fatigue, pains in the shoulder. and the

wrist, total work performance and working pulse seemed 'to be related to {

the degree of training and adaptation to the specific work. )

Kewbn  (1972) carried out an experiment in vhich twelve male aid

nine female' normal subjects climbed up a motor-driven 1adder and- of this
group nine males md six females also paddled a cycle érgometer, all at

A+ " sub-naximal vork Ypads, 'For clisbing the ladder at an incliiation of

3° from the vertidal, the whole body owgen uptake was, Tinearly related

- 3 o both wprk Tate o™ Kg fmin and body veight 1 Kg, vith regression’conffl-

clents for work rate higher and ‘for body weight lwey m malaa than J\
_females. Mo correlation with body wedght was found For :ynung and :he
regresiion :u—efﬂdent"&r work rate was found to be, pmc:muy the

sdke for males. and femalu A lineay rzlﬂtlunﬂ\!i{) batwsm henr: :atx

and vork raté was observed, For s individial, the regression co-effi-

clents were quite similar for cyuu;g and” elimbing. o relatiouship

_bet\iun halﬂ‘. tatg and” hudy Height was. found;, but it wais n'baemd that

. most nf :\.g femhles showed higher hutt rate at a siven uxygen upmee.

1ogxcu ’ ements of hunan "» i

'cmzed out “in controlled
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’
and poychological stresses, Results have shown linear relationships

between energy 1npuc levels and work output levels. Various physiolo-

gical measuxenenta such g nean heart .rate, blood presaure, etc. have

\ _b&en used as & medsuré of energy expenditure and ok miLpRE Bk,

scudlu h.m also shown that in activities -involving special stresses
“ such as menul stress, fatigue of gkills, heat ltrssu, me—aided s:utic

sttpli,vset_c., in addition to the physical work, it is the heart rate and

. % oo s

e . bdood'pressure that give'a better indication: of total physiologfeal load
P N e B ; N : ¢

on, thé operatorhan given by energy expenditure which is only a messure

[EIN ; - s
G ' ofﬁ;ﬁxslcsl vork o

The existing working conditions in the fsh _plants’ are obsexved

to be poor. 'l'he operators have to work in cold, wet and humid condi—
tions. The gemewal vork layouts and methods of processing are mof so

L
Th‘g are. also >Jects to P £from mnage-

L, spead mczmm from conveyor. belts and certain requirenents

; "'+ from incentive syaum, to work $or maxios cutpit and for micimum. yie!.d.

The ‘work’ 15, fepetitive. and highly skilled'ss compared o other pmussmg
uperltlons stiiée not only it.is. demanded of ‘the sperator to Hile a1.- P

2 - fast.as he cii but also to remove the maxtmu dssunt. of meat (yield)

o the, finh ‘The operrators working’ under sur.h' cond'itiona could’ b |

}"Fitttng the Task to the Man,"




4t on the operator. A need was therefore felt ‘to observe some of the rela-

between work (speed of filleting, actual output
rate) and physiological parameters (mean heart rate, blood pressure,
ete.) of the fillefing operator. These relationships would help manage-

ment £o' judgé the level of physiological loads imposed on the'operators.

Management could use these relationships to design & Better method, of

filleting, working eight and work layout,’ etc., and therefore “mprove

the efficiency of;the plant, without’ causing umecessary hiigher physio-

i logical loads oni the operator.

*, 34 APPARATUS USED.IN THE MEASUREMENT OF HEART RATE

N 't AND BLOOD  PRESSURE
3.41 Blood Pre_sa(xre Measuring Device
Phe ins trument used to' measure blood pressure was ARTERIOSONDE-
(1216) Blood Pressure Monttor by HoEfmar-la Rocie Inc., (Fig 13). This
14760’ &lupkronic Anstrument that measures systolic’ and diastolic’ i <k

7 5 t H
iy ot Aveesechia 1316 iiesph by
Hochberg.-and Salomon (1971), sponsored by Roche é&diuﬁect:ﬂnicu
Division, New Jerdey, in'which blood pressures.values measiired by Azter-
1osonde (R) 1216 were compared With those obtained by. Korotkoff.and Tnty
axterial® Catheterization methods, Twa himdred-and ninety-nine patients:’
accounted. for a total-of 1903.conparisons, 1708 in 244 persons measured
. by Korotkoff and 'ABPS (autonatic blomi puasuu lystem) or Arteriosonde’ <
1216 method and 195 1n 58 al and ; B
El e . 'ABPS deterninations. . Results shwed ‘that ‘the’ mean ‘systolic pressure :
. ... difference betveen e indirect methods of-blood pressure deterninationa
© 7 .(ABPS-and 50,5 mm Hg dard deviation:.7.4, m'Hg,.corre~
lation .. 4 mfncmn %0.98) and diastolic pressura, comparisons prodiced
- a ‘ean difference.of 0.1 miHg (standard deviation: 6.2 mm Hg, correla-..
4 i tion coefficient 0.95).  Also. it vas. observed. thnt’meun systolic ptauuu
N difsuem:e bet.ween ABPS . and inta-arterial’ measurementts. vas 0.5 mm Hg .~
3, correlation coefficlent: 0.96) and mean

i
;AA
i

74
end d.lletnlic pressure @iff HE
5.7 mnHg,. torrelation’ cnel‘ﬁcient. 0. 92). The cbletved correlstions. .
between ‘the and the al pressury
were’ found’ to be - within the clinical, Tange’ nt 5:c|’rncy \estabiishe:
.the Amztinan Heart ‘Association,
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blood pzééme by means of sn indirect, ultrasonic method. Blood pres-
sure determinations are made by ultrasonically detecting arterial wall
oo

moton, interpolating this motion into a blood pressure messurement, and

displeying the measuremert via z £ront-panel, ereury type nanometers’

Figure 12°depicts ‘the yrinciple of opemcian of Arteriosonde (R)
(1216). A sssembly.co sltrasonic g

% to, the -

monitor, is placed undar a atmdurd blood pmssute cuff md poaitioned

over the brachial artery. . The unit's'pump -ummaticllly 1n£1ntes the

cuff to a variable préset level.of max{mEL _préssure. Ultusaund crystals

inbedded in the transducer émit a field into Ehe arm. As the cuff pres-

sure automatically "bleeds down" to, Tates y the

American Heart Assoclation), the

‘edyatals Eeflact
arterial-wall motion. When the maximal intr Zir¥erial pressure barsly
exceeds cuff pressure, the luien of the, artery quickly suaps open-for a
brief moment. fhe “instant of this change {4 ultrasnle freguency
(Doppler shift) is. Tecorded by the unit and shown and held on’the mercury
manoneter of the panel as the systolic préssure: - The ‘Cuff continves to
deflate, and the system inferprats ths laat aigni flcant sigaal sensed
.8 the diastolic pressure. Blodd pressure reuu;:g'a can be initiatéd

manually or made automatieally at'l, 2, 5, 10, etc..minute'intetvala.
n Iy aeil ! sufnutasy

wo 11 E £ panel mercury t display_ a

syscouc and dinstolic blood pressll!eu (ng, 13) and retaii the readings

N until the stagt, of the next nensut:mn! cycle. 5 g -
, The Arte 1216 re aper.lal {feultry to minimizé -
PR . Wi vy
Ui Muitbieed mates  AdjustablN-Erom 2.0 te 750 mm Hg/le:. to¥

. ndult cuff. 'Artéri.n onde 1216, Tedmicul H.!nual o Euffwm—LnRonhe Ine.
e 12700




PRESSURE
CUFF

Principle of apera!lnh &f Arteriosonde. ' The pump inflates
pressure cuff'to a.preset level:. The logic control: then
- bleeds-the cuff at a standard’ rate., The "RF umit" gene

. vitrasoind which.1s beamed tovard the artery by the.transmit

trarisducer (XHIT ‘transducer).. Motion of .the wall shifts the
frequency, and the phase: of thés reflected beam which is
detected by, the receiver (ROVR tramsducer). ' Thus the ./
recedver detects these shifts and. a logic control finds
systolic and diastolic pressures for. d!.splay on the.”

! ind¥cator.

) of 1 totted Doprler T
Neasurenents. of Blood Prassure of. Children!, by, Zahed, ... ¢
Sadove ead Wu 1971, “Anesthesia ‘and Analgesia Journals,
» 5»699 704. Sept-Oct, vol.'50, mp. 5, y

IR b




its response to spurious signals (i.e., artifacts). Artifacts are

unvanted signals vhich can have an adverse affect onthe:accuracy of ‘the -

ultrasonic blondpressure ent, ¢ 1facts befoi

vhereas’ ntifnctu occusting  at didstole ptadnb! a 1w=r-thnn ormal’

diastolic prepsure.

4 ln genetal, nzcihctl nugmm £xon tio mjar areas: exlemnl

K - causes lnd subject motion. External causes 1ncludes factors such as .

e e phynnu contact uith or mtim\ uf cuf(l:nuducsts, mbvemnt of cable

s ect to 5 =1ecmu1 ‘fnm 3

other 1mdequ.nte1y sh1=1d=d equipmenl, ‘ete. Subject motion mcludeu

fai:torq such adgeneralred tlessnessy shivering, ete., When exces 1ve

artifacts ave detected, the mmomde 1216) ‘gLves'a sigual " (v

g " Zfront panel A¥tery Pulse/Suspdcious Reading indicator) that the’ displiced

3 G < blood préssure may be u,u’xror and. the measurenents. should be repeated.

1 DU , The Arteriosonde (1216) set! (Eig. 13 m'{mm-.nf the’ Arterio—

“For’ :hx- invga:inr_ion. Arcaua-onde (uls) Blnad Prenuu

g r
anuar was muinnined in proper wctkmx canditlun lnd any special. pres
=,

by the j t e the eq 0 v{'e'n

¢ detatled.’ dum.p:m of ‘varlous parts - (éssemblios) of
i, i Azruh:eohda i(1216);" 1t8 ‘operation.and maintensnce. dnstructions are.
A 4 1in "Arferiosonde’ (1216)-Teéchnical and :Operator Manuals," Roche .
Hadi.ca]. Electzoriics*Division, Hoffman-la Roche Inc.’; New Jerseys ...

2 medtum whieh e, n-pylied

) Ceiisondé is -an ultTasonic couplii 11y, me
S.to u:g\x:rmsduaér to efﬂnmtly r\ouplz uiﬁ!:\wmﬂ \:etva
=n.d ,sicin




£
instrument wag

.8 Btandard sphy,

‘Position, " Thig

‘ARTERIOS
Pl 1

ONDE

Argeriosonde: (121%)

or

i

" Roche' INC., ‘New Jers,
Yperinents when this. tyvestigation began,

; G F
- Arferiosedle (1216) 3 100d presours: moni
gpeém‘i'g Manual; Hoffnanh-1a
¥ USA. b * x

tor,; ;

when the oper:
supervision of by,

-5

Othet e:
smpfe checked few times: durin this xnmngmunzb
ERMANORLETOF the operator. ator wi
chi fk a8 conducted under the

as
Ana;

B0

hofastingy
ria . 3




" be matntathed d\lrlng the use of Art:tip!nnde (ms) B b

i Artsrionndev(lzlb) shquld not, b= uséd in :he presence .of flam-="

v
" %  mablé dnesthetich. | .
e sl  egarinsonds (ms) shouid ve mjm:ea on 2 level surface:
i€ 4The selected mount inting hetght should’ pumtt ‘the épérator to fead

10 the ‘mentscus wir_hout creaping patlllu ezmrs-z

Vihia mnnel:terl to. aq.mmmng CliFrent source, ‘thd Atterioaomie &

©(1216)° nmgt be properly grmmded 3: all ti_mes to avxpd my pnten:ial

a e T T ghoek hazatd.v Chieck and wake l:eruin ek “air flttlng ‘and

‘electrical contacts“are pxoperly aligned befote mating comedtoxs.

The Arteriosonde (1216) way be vded in’the manyal or automatic ’

mode, If the subject's ppYoximate sy.m'ic pressure {a nof

knm, the muxl .mode s\\oulﬂ be employed: o dﬂlemint it.

Before tlking :he irsz readings, check thht Lhe rurcury lavel

+ 1s. at o slightly belois o' B dn- both ma.mmetérs. If not; "

c‘l\enk S0 onakl “cnstatn t_\|e mstnment 1a7at: level. |

¢ Hashetia & 6 Bifinsnt §ﬁlactnts should be- set at lppmprilu 1ev«1 (o8

W /- euff pressure seluctar should be dat at least 20.m Hg: aiove

7 ed Byatnlic e)s arent 11 i, hould be’
- ). ichecked cmfuuy uhuu me:Sg the ‘readtuge. 2
7 The crmdm-_u is the-genst: eleiet. of the 1usnmne;‘

should e Nendled vieh ressonable ‘care, wﬁ% vure i 1 et

uubjacud to lbuue. . x g, o k

b

For -ublec: eonfur:. CUEE wnppi.ns shoiild be- nher:k::l perlcdic.lly i

de ' (1216) Ope

_zIbid, p. 13
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. Af frequent, repéated measurements are.plarined. ¥ Lal
3.4.2 Heart Rate uusux‘mg‘:nwim S

. Hewlett PacKard (HP) Telemetry: sym:em umuiul:j.ng of Hodel 78100A

pocke:— ized ‘transmitter and Model 731011\ ‘odular reculv-t (Figs" 15)

“was used'to obtath continwoiss leart rate 'of e1ileting operators,. for a

" set of expet : duxing this\ investigatic Annthzx unit. (H:e) mdg;

7stA (Fig. . 16). lleart rate and alarm fodile? vas used in mnjunctian

‘with! the Hewlett Pucknzd telemex:ry systen. -

'A'he trmmiztex was c-rzied hy the nyeral‘.nr ‘in a pm:kgt or

" pouch: Threc dispoe ble surface elec:rodg; a:r_-ched to the chm of . the,

Bubject, L., twn electrndeu acr_a-:hed oneither side below the md b
-and the: thifd ‘on the right*-hand side juzt ‘below the epllar bone, pink e

‘the’ Blectmcnrd.logtam (Ecn) s@uﬂ (Fig. 11.). B The tumic:ex mp.u

£iea. the signal and 'sends it, ‘by. “radfo vaves, to :he telemetry . xel:aivet. 5

The zecetver zm.Eh:es the radto signal, into. an' e vaveform.” Speci_xl

mnovations contribute to-an ECG signal with outstandin; accuracy. The

e asmued tion of at parts, its operation and

- maintenance: inst#ictions are given in manual:” Telemetry Tramsmitter

S g
(&
' sing the abili:y of the heart:to transmit.the cardisc impulse.

78100A, -Teélemetry Receiver. 781014, and H/R and Alarm module 7828A.
Hewléett-Packard/Medical vision, U.S.A

% o 2rendl

ocattons 6 electrodes ‘aré selected so that the BCG waveforn

" will have recognizable B, U, R, S'and T portions’of -the cardiac cycle,
- and‘so the

ave will haye at least:twice the atplitude of any other
portion of the waveform.' (Heulatt Packard Telemetry tzmnmit:ig: 78100A
and . pecéiver 1 manual) p:. (3- 3)

c6) 1 it ool £or asses-
When' the
-impulse travels:through the heart, electrical current gederated,by’ the:
fonic charges at. the surface of the heart miscle spreads into. the: fluids
sul’!ounding the heart, and.a minute pm—mm of .the ‘cyrrent -ct\ully




)

" Potential fecorded

o Tine (maed o, v I

Fig. 14 . mical xieumuruogzm o

s "trmmitmf min!.mi

scts. o it hweutlgaticm, the outpu: i tu:eivet vas contiml—-

ausly recorded on a meuc tape, uaing a m.!gnetic tspa recezde} (Fig:

17). "Pop. 12 computer ‘was then used to conveft: :'hu heu'n. beat (lnnlezue)

iugnn, ucmud on. mgnetia tape; !‘ rllgitnl our.p\lt 'h:

beat interval

3
17
L
> 5 f:equehcy distributiun (ng. 178 S k 3 e L e E % .
) . ° %
i
i

g ﬂm as ‘far as’the surface of the body’ By placing electrodes.on:the
~. ", siin over; the heart on any two sidey of the heart ‘and comecting these
4 to_ an & the ulse uring

t ‘each heart baat can be tecorded. - In:the pormal Electrocardiogran nlus- ot
‘trated in-Figire 14, the :curve labeled 'P! is. cause éd' by ‘electrical L o
current generated by passage of the impulse through the atria. The -
\curves marked 'Q"; 'R’ and.'S' are caused by:passage of the impulse ',
*-through ‘the, ventriclen, and :he curve 'T' is caused by return of the o
1y the muscle fibers to its sermal Testihg ..

leve} at r.he end of nuntzactl ("l"lmctirm of r.he Human Bndy by Guyton, RN
1974,




*RECEIVER 78101,

-

7

- mmswnm 81008

Figure 15 Hewlatt—Packaxd Telemetty S'ystem

Technicsl Services, M, U.N. Tipe S‘peed used- —=; 3. 3/4 per second.

Before recording of heart beat signals, the equipment was cilibrated‘

for 'full scile deflection using standard 1 volt input.and the scale zeroed

ustig the Zeroing: test:knob:
. zKlecr.chrdingrnm.




Figuré 162 tewlett-Packard heart rate’ and-alarm module - iodel 7828 Ai -




]

“Elestiodes
atnched to
the chet

-Hewlett

g, 5 *Packard. ", |
R A | radio
4 i i |7 receiver: -
ot battie 70N 2 v

afismitter

Fxgura 3 Rennrd:mg of ‘Heait’ Beat Signals (mac::ucardmgramy
"ga; Tape fecoxder uaing Bewlott Packard Ri
elcaetzy 55
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3 hi!tugr.um) ;\ ety i

Mgital cutput. (hear: . Ay
beat."interval, ‘frequency | " %
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Conversion of Heart Heat, (Analogue) Sigmls;
“Digital -Output . (Heart uac\ Intérval Frequency nistogram)

using PP 12 compiter -

' Teletype printer
Ll




N e ; s ; y
) . ; : -3 1
g X ! g : & LR
] ¢ =9 i it Cap) nodel j828a fhare fate und alarh wile (Fig 19, accepm\ : l"

7, o high level ECG sig;\al, l:anverts it to a dc level propurtianal to henrt

rate and ces At 1y on a horizo uy munted -pari

mtezJ\ Thls Uit also p:evfaes vi.u\ml allm dinpllyi whqpreset heun e

rate 1£mr_s are. exneeded. P automzic threshold circuit ensures reli- i,

Bhisd i S " #ble operation um. wide variation in, input -1gn.1,1eve1 und pmms ” 4
3 K EKQtamly effective tejectimruf nrtifncts. \“ &
[ il uutm the wl\ole mvestigatimn the hest rate Ma’surin&equip

em: vu maintllned in proper Horking condinio-n and due attah:iun w.sa

glven ) tske any specm. pnn:!utlnlll. as specum by, me manumzurerb

2
of the =qu£vm=nt- Some of the’ mpinmt mcautm whidl should be

m-inmned d\lring the use of ﬁawleu Packard’ (m») memem Systen are’

; & A : : s
- % 0, dust, or e gasses qF vapours apd -

extrems of 'temperature. andhumidity.

2 ) 2 ./
-+ 2. The radio~frequency output of the 78100,

clent to interfere with ‘some d Fat ’ thus

Hivago ridio

(ising propex matrnamns pm\rlded i the operating manial.

Wi 00T Sy Blectrodes  should, bé msachzd secuuly add'at F1ght Locations .

“ito_the éubject..- K-loose elzcttod.e cah ‘cau artifncts. Also

fo reduce motion artifacts, electxndn shoild be gy o~ Erom (TR .

Uewidte Packard, "0y
'<78100A and Telemetry Receiver 7ElDlA.
Division

nstnlment

Zpuring this mvesugmon x
ng & oy’ ‘watch and nctual

S sample checked £ed. times b




ske.leul muscles .

FIER A wiTg ra mmmize the’ gxcesa electmmagnetic

|

1:& ému; ittér,’ carried 1& a pcckét e u‘oz'n in a&im{ pouch;

tlp! :eazdex for ‘each fllleting experiment inte digital ontput, The: "

Figire, 17A) Af, che ‘sane time, W oseillo:

Zistope wgn vuqad_ to obseryé- :he mnummus pmem of :he

ubjem—. s

counting of pulgations id the radial arcery at the urlst -of the operatg
vhen the operator was in resting positian. . This chock.was-condictéd under
the aupemuon of D R

i

ria.

see. Appe 11 3] ;Iable B izp-_zluﬁ; 906 : Lt

Electmcﬂdiagr




v p unexpectEd movzmen:a, some ele:tiical 1n£erence

&% W R tsjectioﬂ of un’wancerl ,si.m\ils Erom the .fin

the-compu:er.‘pr ram. In general very fe\l sp\n'ious Eignsls wére( iy i

Ve fo T eart’ rate
- oo (begts/-minute)

I
r heart -bedt mterva.l
(seconds)
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355 PHOCEDIRE USED TOR ‘SFLECTION 0F SUBJECTS PRSI R - 2

© WmRoD o WORK L0AD_MEESUREVENT, {8 e T .
3.5.1 Szlectim\ of Filleters . e ‘\_ g o '

i * This 1\westigztion was I:axﬂed out i@ Wiﬂess Bﬂy Pi,sh Planl: 1n
the 13L sumer a{emt.. e that jine, individwl Filieting type’ ta.ble

- layout'vas in operation, with 9 ﬁueceu on each side of the table. .

. The 1nvesugamxc,fiith the hpip of bz husvta, vas a‘hle to contact the,

:"’ < -sibjects throughthe owngr or mandger . of exm Eish plant. >

The ‘eriterta sed - to select’ fiuecus for the s\:udy‘of an indi-
<o

5. vidual,filleting “Fable was as follovs (Nicbel, 1962):

1 The subjec(’.s should bg 1A ‘good hiedlth condition. . "’ % ‘

’lhe/.su\:jen:s shuuld be. co—operat:ive and qualified vorkers /

‘The subjects should perform the work commencly and systema-
SR 7 titally g ', o o i
out of eighteen uPemtats v e dleed e papelatia e dn Ehie:

s vnlunr.eered Tey were-heal thy mleé

: o dnvestigation; anly four persd
ﬂ].leters with lge ranging fram 16 tD 37 years and wox‘king expeti-ence in

mlemg zarging Eron 1 t0,10 years The plant. pnager md tha sibjects

J vere’ verbally explained ;n details dbout the purpose of thé study) th{: pznceéux; %
", lin whitch the' eiperdments vere fo be conducted -and sbout the Heart Fate
s _/md Blood ptess\xre seasuzing devicés. A qleEi oF dovbEs were
anuvered a3’ far u5 possible fo the satisfaction of s sibject.

” x
Each suhject was alaa infomed Verbally tlut he .could withdrsw

“ fxém the project Hg-!ny time vlthout px‘EjudicA and this was alsc




92,

amply ‘clear to the owmer and’ plant managers® that ‘the subjects were in
fio vay_ obliged to comply with'the investigator's request and.that if the
suhject wished to w].thdmw at ‘any time duri!\g the invzsl:igation he vould_

\' b-.-uwea fo dn 50 ,and that the plant manager should not penuue the”

suhject ‘in any vy lmmmver. . g

h 4 fox as'the Tnvestigator could visualize, thuze’ 214 ot acen
" to be any ik involved dum{\:he study Hovever, the following pre~

:unliuns were take:

Subjects vere askzd if they 'had any kind of heart or bIbod pres—

sure problkus. *These subjects would not have been suitable for
: ; >

the ex'peximent. =

The subjécts were asked i they had any skin ‘allergy and. partic—

ularly skin irritations ﬁn the chest. These suhjecfs were not .,

‘suitsble for the experimnt. 7 o o
3.7: ALl subjects were Informed, particularly those having haix ode
fietr che:s?, that thei hair would be pulled nn;ilixéin yould :

%0 zesult when renmvxpg' the surface electrodes. ‘nma pain would.

Ba stnt Lar m when an' ELASTO PLASTER (similar to'a BAMBA‘.’D) was

rumvad ciom the skin. L -
ALl equipzent that was used for u\ismwesug.mn Was mainitaned

1n proper vorking condition and anf spectal precautiions that the *

of the p "specified were taken.

/\ 3.5. 2, Quiality G Fish Ueilized . &

. Grade nimber’ one mdfi.sh vere' sexectad for this 1nvesziguti.cn. X

The axaracterisr.iu of this type of codfish were a5’ follows Appearance

.. = - ;
Of eyes OF the fishwas bright, .glossy and fulll “The gills were bright




3 . o
red to'; ht pinkish red.  Odour of the fish was fxish to faintly
5 P : i

\ A o 8w
neutral. 3 LY ]

.For this 1:\\5utgaucm fresn iced and inshore (trap) ‘head

L on - gut :ln Tound codfish vere' used. .

3.5.3. Size of Fish and Numbér of Fish/75 1b. box, concepts in this Study.

T the Eis'h mdus:xy, Lhe size of fish is given by the overall

/- length of £lsh in inchEs, .e., fish of larger size yill have a longer

fu
length in inches as' nompnrnd to fish of smaller size, The normal pro< ]
cedtre folloved in the industry on an individuil fillpting fable layout
“is. to present the fish tb the eperator in 75 lb. or 100 lb. boxes. ©

Sinceérsize of fish represents fish»length and consequently the weight

of. each fish, i.e., fish of'a large! s‘lu will have more Height than
that of sma].ler size, therefore size of fish indirectly nlau givas an
idea abdut the number of £ish per box and vice versa.! It should be
‘pointed out that ‘the number of. £1sk per box and size of fich are *
Sovdzaily Eilated to8adh other, as Tar-as etk mesning 15 voneermed;
iie. alarger number of Fish per box- represents fish of smalier avetage
size and a' smaller numbex;of £ish per box répresents' fish of larger
average size. L

Yor_this infestigation, the nuiber of figh per 75 1b. box® dhd met

“'the .length of fish in inthes; was éd for dhch d its °
seffect op-some other parameters such as normal output rate (Ibs./Hr.);

'Each béx contains 75 1bs. ‘of £ish.




yield‘ Had¥E Fke, ek e investi_ga:ed. Since the term 'size of £ish’

is s fbdmaan: and easily hﬂers:ood in everyday life,. than the tern .

_ ‘nusiber ‘of fish per box, ' tharEote Goiie results of the above analysis

v Shave also been interpreted 1.\1 terhs of size of ﬁsh i.e.; in terms.of

“The r.otal veight of codf1sh us'éd for this mvesug-uon was

Tinited by’ zeeearch grant: to about zooo /1bs:. An attempt was | made ‘to

dilr_ki\sute ‘this ot of codhsh evenly' among the four selec:ed sub=

# 8 g Jectf, for £ilipting experimt:.. 'l'he chotce for’ 7526, ‘Eish ‘box rather ..

¢t than 100 1\, Fish box for each exper{ment \ins made mmly be:agse the’

“s Hltlels Bay\Ttsh Ylant . ‘Where, r.hii 8 uﬂy was' cnnducted, wn~nni.ng 75 l'b. :
“q

" Fish boxes 5.:: itdty my filleting cpera:ions. ey

S i aveeuptwas also made to have a wider range of tuber of fish

per box\‘int differedt uperi.mts for: e.-:h subject. This wids ‘done s

"chu Eha rain:innshlp dtween - ‘mumber cf ffah per box -and’ other ‘parameters
such'as formal otput Tate (1bi/hzi), percentage yield, htart rate;

8 géc., of’ giuemg operator cguld b:~obsenled more clearly.

Descri tion vf the lndivldual ‘Pilletin Table 54
Dbed 1n this 5 , §

ixl

< : @
) 'H.gutes i and 3 Ahuu thie 1adividual type nuaung table _‘r

The Layoikt of the tible consists .-
l

cent alfy




g 95.

S of aid to the left of himself, on the filleting table. The fillets are

. Sy
placed in. a‘pluti: fillet pan located next to the fish box. The hand'

motion dista.nm for the “get Eish" und "place fillet" mationa are 12 g3

<. tol4 inches and 10 to 12 inchies, tespectively./ The height of. the werk—

i pluu ‘s f!.xed (37 1nches) for, all thﬁ £111etmg sta:i.nns. When the

he retums the !mpty

nyemtar lus fll!.ettd all’the flsh £tl7ln the box,

#14h box, For :lean.i_ng (ustng a Yomsc Avel conveyor belt) and' places the '

< fillet pm, wich hin 1denc1cy aup in it, on the L{p conveyur bel: \m be

veighed at' the nd of the Line. " Here éach tadtvidual £illet pan.ds
velghiid and vork: perinmam:e (actudl qutput Tate of fillets, actual

. ' output rate of roundfish and percentage yield) of each individual N

filleter is calculated.

3.5.6. Work Task for Experiment
Four skm.ea ule operators, in good henlth :ondi:inn, were .asked

to perfom ehirey=£ive experimcnts in total, on nndndividuul type
. v filleting table Lnyout. The' codtish was supplied to'the” operators. in

75 1b. fish boxes: - The number of cmlfish peF 75 Ibs. varfed from four-

teen to fifty-six. About 3000 Ibs. of vcodiiuhwen used for this. inves-

tigation. - _—)‘

In fish filleting, the height of - :he ﬂurkplnce' is the distance
. ¥ S “from foot .stand: to top of the cutting boa;
i % - Nadlet, in ‘his book "Motion and Time suuly," ;955, .. 205,
& states: "It {s r]eiitnblc to have the height of the workplace nnanged
to allow the operafor to sit or -stand with the workplace 2 or '3:inches
belmv the Jevel of thé elbow when the upper-arm-is stationary alongside
ody." ' Barnes, in his book "Motion and Time Study," 1968, p. 284, - '
a-t test "Although.it would be preferable’ to have the helsht of 'the work
place and the chair fit'the particulat operator who.has to ude,them, -
e-this!cagnot ahla.yl be ‘done. ' It may be necessary’ in manycases. to tiake
the. work beches: of such height that ﬂmy will be stt s\.\ir.nblz for the
wm'ker \dth nvcrage elbw height.
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Experiment Nos. 1 to 8: Subject no. 1 was asked to fillet 600

1bs. (8 fish boxes of 75 lbs. each), grade no. 1,' indressed, ohe and. -~

one-half'days old,? fresh iced, insliore (trap) cod.

Experiment Nos..9 to 17! Subject no: 2 was adked to fillet 675-. -
ULt bs..(9 fish boxea 0,75 1bs. _each), grade no. 1, yndressed; ‘seven hours

.Jold, . fxeuh iced 1nnhoxe (ttlp) md.

mezmmt Nos. 18 to 25: Subject 'no,. 3 vas asked to-Eillet 600

(8 ﬁ.sh Toxes'of 75 11:9. eath), grade no. 1, undressed, ten hours

old, ‘evein 1ced inshore (trap) cod. %

LT Exp erinént Nos. 26 to 35:. Subjéct rio i !{us‘ sked to fillet 75:0
" Ibs! (10 fish boxes of. 75 Tbs. each);.grade mo. 1; ngnéd; one day
old, . fresh iced, m;h&u (cxm) cod, o
Each filleting epeu:o: under thli hwes:lg,atl.on was ‘asked to
vork at. five different work paces in e folloving sequence: v
"a) Operator’s ‘own’ or usual pace of Filleting (2 experiments) |
b) Faster than the operator's mJn pace of filleting (1 to 2 gxperimencs)

T o) Fil;letin’g For naiuiug yield (operator slwa dm-m) [¢] experimm:s)

d) ‘Fastest speed at ,uhuh the operator can safelywork (L t6 z P
& S1ower” than the operator’s o pace of fiuet‘:l.ng (1 to 2 ‘experinents)
During #ach experxmen:. the operator vas. g}ced to. maintain con-
8 s{m{ncy with his gpee‘a of. gaxk, no matter vhat filleting speed (own
: v : !

‘pace, faster o ‘slower' than own pace, etec.): hé'was asked to.work at’for

Refen to quxlity nf f:lah.

Fish was l:aught one'md mm—hnlf dlys before: and waa l:hil].ed




';h'u particular mieung’ expeéfiment.. The wide rang! of fm' g ‘spéeds

hglps ‘in Visualuing relationships betueen spaed of Ellle:ing .Ind ol:hsr

Apsrnmeten such as m!an heart race, blood. pteunure, achuﬂl au(put zxu, .

fore worked tn'a” conuill:ent way. ‘An the game 'time, the,

used: to, th: blood preluure ‘and heart. rate devicea attached to hm. iy

»Furthernox: this !peed W his own pnce, semd as 2 reference

=
. fot/other. specds [(Gig-y- Tasker or Blower thin his owi plce, etén)

Bf m:hex ! Consisfen 'Has apoftant during the mmu;

exper inesita from physiological potat” of view. “For cxample; AF the:

Sperator unrked s :nnsiuun: and swosth way;-his heart ‘rate and

blood pruuwze vould repu t the true work lnnd on’ :he opernor.

On'the otifer hand,. 1f’thé. sverator ngea Ada incomsistent way, his

heatt Tate and blund pressire ptgbahly wulrl not be el ;nd.tcam:s of

with' teg ‘to uvuid der_etioratien. ERg

; 30peratox s ova pice or ‘spéed’is the, apged wost oftén T
* the operator during a voikiag day. Thid differe from operator 1o
. operator . - 7




- - the work load on };ng_’e'pu tor:!
3.5.7 Meﬂmd of Heasu:emem:
! ’ Beiere the start ui cach set ot exp&rlmen!:s, pemissiqn was. .

expetl.ments Veu to'be onddcted and ‘about tha heart rate
: - ‘sure meusu:ing dev ms. The sub;l ct was then udvise'a of n.

e shi uld be working at. ior diifetent expertuents,” and vas ssked £ be -

su‘bject tna ptivate tadm.2>‘1‘ha pockar s telemetzy :xsnsm:l:ter was

comec:ed to the electmdes and was watn araul\d the Hsist by the sub=i- :
j=:t‘ 'n-e trnnsmitter was 50 supportzd r.hat no_strain was placed on che

elentmde adhestye di.scs. “Thé bloorl p’%essuxe cuff was :hen placed

: around the hrachial ‘artery at. the' upper left armiof the subjacr.. Te:

subject was :hen usked to l:umg and stafd at Ma fuletmg s:.suon.
nood pressute ‘neasuring device, Arterlnaonde (1215) vas. thsn mum:ed c

on tha level mbu nearby the fil_lar_ing station. "The' nofinting hgigh:

wu ; Ghosea’se Bito peruit the investigltor to read a.e menticus: withm_lt

£ u K . The heart ‘rate asid blood p!exuu!‘e tesdings are affected by

i 3 3 ) sputinus signals (1.e., artifacts), caused due_to inconsistency in the

; “work -(Arteriosonde. 1216, Technical ‘and ‘Operator Manuals, EHoffmar-La

+'. Roche .Inc. and Hewlett' Puksxd Operating Maual for. Telemenc:y Trans:=’.
“mitter 78100): o L Sl

A shall ramn, about, 15’ feet avay fmm tha Lnd:lviﬂual fillating
“s€ation on the ‘same ground level.' The telementry réceiver and magnetic':
tape recorder, were placed in this room.to monitor cunclnunusly “the heart
rate of the operator during filler.i.ng operntiun. :




‘of fllleting for each axyeriment was n ted \dth the help af a sl:op

“experiment. .

eresiing yanu-x errots, ! | le was chen o the- blaad

pressure cuff, placed ‘rownd ‘the ipper {efe am of the subject. 'l'he
card unung o, :he bloed | ptessu:e device was nec\rzely acnche' r.a the
subject!s am to allmv hia freedom of movment while Milecing.' At this v

poi‘nt, teldlngs on, the blcod preu!ure and ‘the heart rate inﬂtruments

"t Were’ checked jto" nlake oure that everything was perfectly in ordet. The.

!ubject was.. then adviaed of r.he A]zeed at Hhich e should ﬂ.llet 1 e, o

hxs om pace, faster or slower than his: o pace, etc. o

ibject was ‘alloved to. sharpen hig knife and asked o' relax
for sone, tize dn nucmg position.  For each expemmc 75155, of ' round -

Cndfi.sh, n.lreudy weighed and put in lppmyrﬁ.ate flah box, was. the.n

suppli:tl :a the ﬂller.:r who was wnxking m\ 1ndiv1dual cype ﬂ.lleting :
-table layou:. Just before the. start uf ﬁueung ope'zstion, subject'
blond presaute m uaaured witile l\= was still in a relaxetl litctng
position. w5 wate S hluod p:ass,ure readings3 (both systolie and:

diastolic) were taken .and remrd&d. 0 S oy

“ The subjem‘. was t:)\:n aekad to etart tl‘le ﬂlle:i.ng opetar.:lvl\

of a :elemetry sys:em on a four-r_hnxmel magnetir: tape deck. Total time

'Arteriosonde’ (1216) Operator's. Manial, p. 'i3: :

2pi1teting operators-usualiy take rest: pauses during:sétondary
activities, i.e., the activities comected with the main filleting oper-
ation such as sliding 75 1b., fish boxes from the conveyor, placing sboit
34 1bs. of fijlet pan‘on conveyor, sharpening knife; cleaning the cutting -
boatd,: placing the empty fillet pan on the filleting ‘table, ete. The-
£requency of sich.pauses for an {nd{vidual layout is mainly dependent
dpon the size of:fish since thib determines the number of fish per<75’
1b. fish box and - :onaequently determines the 1engt)| "of time.the opn-wr
eontinuously performs the filleting operation.

3systotsc aid, diastolfc blood préssure ‘readingsy Sadorisy Aubt before.

<. the'start of each experiment, were mot used during. the:analysis of the results
of this study. . These t!mﬁngl were recorded to

make sure that ‘the.blood
in wrung orger dunng each fule:ing

Ppressure measuring instrumen




wateh. During Eﬁh f11¢r1g experinent, the subject’s speed or effort
'wag' rated by & tavestdgator ustng pétfornance mtlng system.

iie

» the ‘average of 211 the’ nlmve rated (Endings far, each exvertmxa

was calculated later.

As soon as_ the nperator had cﬂmpleted r.he fineung Opetntiun, 4

+his ) sys lic and diastolic blood pressura‘b were meuured -using Arterim

il sonde” (1216) / During. this

the operator vas ‘asked,

(while, Tedll ina s:anding posl:inn, o mkzas littie i

A 'possible., J‘l\e subject” was :heﬂ asked to relax for ebnu: 15 to zo mlnu(!e 3

befote the mext #1leting ngeratium " For aach experinent, thg fums

(skin—mu) were, collgeted and weighed by the 1l|vestlgnto'(.

K3 Egeri‘mmul Cgitrols

Py ‘The folluwing tal controls were during this

1nves:1ga:1on.

1. The ,wark layoit; %.

.5 the iridividual type- Filleting “table

© il dayout (Rigs. 2 ahd 3).was kept the same.for all the subjects.

2. .The workplace height, ‘iie., the-distance. from foot of the table

£rame to fop of ‘the cutting table yas. the same @ inches) fod w1

the, experiiments’ (Fig.. 2), while the foot' sﬁl adjusted to main=
P T T g abproximately. 4 inches;between operator s elbow and‘tap of

" . thé cutting board’ i ! %

The same ty e of cut, i.e,,- l:onventinnal ecnig.h: cut was ‘uggd

i " for lallehe filleting experf.mgn[s. X o o EY

. used by all the upera:ots‘

5. The 'same mpu:qu.u:yof fish LT T grﬂde n‘. 1, ndressed £nsl|n

"(:rap) cod was suy'pu.ed & -11 the, fiueting opezam 50,

“The saie method of fﬂleth{g, as explningd in Figs 7 ‘and s, was 7

" pverags vatisg;




 topue, weight of uhole codfisii (75-Tbs: per Eit'box, weigmng‘

scale :oz mensu:mg ﬂeighc nf skin-on nue:s and stop watch tc

recurd r.he fillel:ing tim were kept I'.he same Eur alt :he exper-

" 7. \The same blood pressure mé device, L., Arte : ty

‘(1216): and the: same Heart fate mesburtng device; i.a:; Hewlett

ckard Telemetry systes were. used for ail the experiments.

S g iy d . : :

Messirenencs ; : I S B gl

The' actuul rim oE Ellletlng 75 lba. uf round cudfish, nunhe:

uf codfish per box; parfumnca tating sm:rpled sc different times

+ “each’ efperinent was mde.

The various measureme, s of work 1ayout 1 vo"kplace num,?

- surrn\mding ‘room tempe!sture3 An ‘the plant efe. were mﬂdg and the data

about-the four. selected subjects’ vas also recurded“

3s4; mmdxng room “teuperature ‘{a r_he fi,sh ﬁueung plant, during
s AnsessFaatios wag dn che range: 65°F ¢ s

erage.

“Subject Non1i ‘Age: 37 years; fulenmg experience; 110 yéars;
performance rating. (speed of nueexng) range during this investigatios
98.7 to 117.1% } mean'hesrt. rate: . pange during this fnvestigarion:103.5
50 124.8 be.:s]min, average systulicbblond ‘pressure, recorded just. after’

. 1 L




The _average perfermance rating o, the sux:;ec: dunng each exper- -« . ..

imznz, the ac:ua]. output: rate of 'roundfish (lbs /bx.), the actual: Dutpgt i
§ . rate of fille:s (1bs./§’) nomal outpul rate ar rpundflsh (1bs: /hr.),

normal -output rate of. fillets (1bs./hz.), percentage yield.(skin-on fillets)

“vere calcilated for ‘each expuum:. The!

an heart rate (bear_s/mim) of " i

L

=" the opexar.ot.-the average Valies ‘of both sys lic ‘and diuscnnc blou\

p!essures]' (i of e, troa mean blood. ‘pressure (.M, BiE: 1>(m of g,y

dere: alsd‘ cucula:ed for each' exbeziment. The. pzpducc Df. &nem heart ra:e

P odas . md blood ptess\lre (bcth systolic ‘blood pressure after zxper}.ment and
ST n P.) weré alep, Found For edeh experiment;, X R W

R L D

22 years;, Filleting ‘expericnite; 4 years; averagd
t 95 'to 127.5%ymean h!ar: rate not recozded--
failure of equipnenc; average systoli¢ blood prgssure range: 145 to 64
_mm,. Hg.

Suhject No. 23 Ag

Subject No. 3t Agé:, 18 years; filleting expericnce: .years}’ average
performance rating range: ‘99 £d 120%;.mean Heart rate range; 94:8 to

118.7 beats/mix), average systolic hlnod pressure: 1385 to 166.5 wm.

H..

" sub]e:: No: 4%:Ager 16 years; Fillating experience: 1 yeax, average: . *
‘ performmnce rating renge: .75 £ 123.6%)-mehn hbart-rate.range: ' 84.8 b0
114:3 beats/min.; average systolic blood pressure: 127, to 151 mm.. Hg.

5 e 8% ¥ e ] Refer Tables 17-20, .pp, 141-144.

Avam'ge blood pressure value:. During the experiments’, two sets. .
of systolic:and diastolic-blood pressure readings; at an -interval of ome -
iiinute, were recorded just before the start of thie experiment and just
. after 'the completion of the experiment, The mean value of these systolic

" .and diastolic blood: pressure-readings. were termed las average systolic and
diastolic blood préssure values before ‘and at:e: the expeiiment.,

o SRl R ZT.H.B.!’. 'T:ue ‘mean bidod pxessuze. Also ‘termed as ‘mean
i v 5 ‘arterial pressure' or 'mean pressure.' ‘It is the,arterial pressure
3 3% avemgea during.a complete pressure pulse ‘cycle. P

st:olic +2dilstolh: gressure o

So.far’as the, ¢irculatory system 1s conccmed, T.M.B.P. is more 1mportant
than 15 either systolic or. diastolic:prassure, because it 1§ the mean .

", the ‘gystemic: vessels. . "Human Physiology,' by Vander, Sherman and %
Luctano (1975), p. 249, --"Physiclogy and onphygcs of the Circulation”,
by Burton;: A.C.; (1965) P 86, ; e S
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. v.uriahlz. For this lnvestignticm, Stratght Iine or linen relutimhips

 mean heart \:ata and b1aod pressuxe also incraase., )

* 4.1 RELATIONSHIP BETWEEN SPEED OF PILLETING (PERFORMANCE - * R o

[ lor'mo telncivnship, ecc‘) Eemeen Lhe 1ndependent,varinhle md dependent

o of nﬂscchtiﬂn 1.1\dicnting the sr.tsng’th and dixection Df a linem: rela-

B.P.). valyes-(1.e; aft@® experimental v-lue-) were used for linear

R AT s = L"MTERA

T 4 ’MSETS‘WM&YSIS‘ ey

* RATING) AND THE MEAN HEART RATE, BLOOD PRESSURE AND' ;
- . THE PRODU( F MEAN HEART. RATE AND .BLOOD. FRBSSUR.E Ogi Y
TEE FILLBTING OPERA'IOR\ 2 i )

Scattet diagrsms (17155. 18 t621) were dlm-m between speed of

Ellle:ing and the- mean heu:t\ra:e, blood pxelsurz and th produ o€ mean’

hesrc r-:e ml blood preum o filleting up&ruturs. These ‘diagrams were .

drn\-m ta ohserve :he 'nar.\lre DF relatinnship [¢ > liheur;‘ cuirvilinear "

wela ubserved bameen ché Above mentloned v&tinbles. It wus al!o £ox

‘Linear 8 apd -doprei 1 analym uu' re used” %

“to: ubr.uin a caefﬁnien wrmlatioﬂ (R) ‘and’a a linesf egressim'

eqya:ion ¥ = avh), The oeteictent of cauelmm ® u & measure

lA scatter diagrnm is ‘a plot of* -11 ohsewlticms h:wean inde~
pe_ndent and rxependent v;riahlea, for a p-rti;ulur Expetiment or set uf
experiments. ol J

Bty Gystoli HJosd presuucs and true mpss blood pressure (r M.

regusaion saslysts’ pirposs




tionship beween lﬂdependem ‘and dependmt v.!rlxhles. The'equation .~

Y= aﬂ:(}() enables us to estl‘mlte the value of dependent. vazilble . ;

" for any gtven vl of Lndependeiit variable "X’ m namr.am:s ‘a';and

151 are called ugression coefficients: A cumputar pmgrame caued

CALCFLDT vas u!:d on PDP 12 fot lingar regressian axfd carrelation

; a.nnlysis pntpose (Appendix % p194 . Appendix'B, » 198)

Slmliic&nt pos'itive lineur rehtionlhips Te - fo\.\nd betwe‘n

epeed of fllleting (petfamanc!..rsting) and the mean hear: rnte f,ur each-

£ -the oubjectel Subject 1 (p<u 03y dit.-= 6, Fig. 18, m1e 25

Suhjenc 3 € peo. 05, a.f, = 6, Fig. 18,. Tablz 21), and Subjecf. L o L

L (p<.0.01, & £, = 8, Fig, 18, Table 21]..Thelcoeffictent of deteminntim

67. for iﬂ].etet 1,750.4% for fillater

(=%). stiows that 766 for

‘e or the suhjects I, 2 and 4s S\l.bj:ct pe 0. 01 ThShs Fiz. 15,

Ta.ble 20); Subject. 2. (pe 0. os 4.f. =7, Fif 19, 1 Tabl zb, Subgeie 47 e ]

2 s (p<0 05, d.£, = s Fig.: 19, 'l‘able 21):¢ o'uever, no signiﬁcant reln—

0
0 * 'tionship was observed betueen s ﬂ of fiue:ing and the aysuﬂic h‘laod %

presiuré’ for Subject 3. The totnl vatluticn m systolic b:.cod ptessuxe

g i s VeEE (Erue meun blood pmssure) fnr any, nf the . four s\lbjaets (Table £

7,

:ledge of tlm wiithor; o previuus work has been carried | >

229: o th

D“t for fish pml’.esa!_ng npexarion, to ebserve the effect of wark w

i :
Heart rate,'for Subject
heart ‘rate xe:nrding electrodes '




3 fiug'gng hu:res.sea, :he:efore andet the present working cahditicms A

* Subjects 1,74; L.ev, S\_xbject:_l/(
- and Subjeét 4 (p< 70

 telationshitp was observed. for Subjéet 3.
! (systouc as ven as true mean blnad pusuure_) and product of mean henxt 3

‘Heart Rate

(om of Hg.)

‘Heart: Rate % Blood Pressure
(beats/minute x mm of Hg.)

;_cien:s. The' values af 'u and 'h' could be attributed to a number of
£ th

Since chg energy pendi:ure of chz operatur 1nczessqs Bs his speed of

and sys(nlic ‘blood preuaure (s

fish ziaﬂ/ts, ‘mem\ heart zate (H/

coilld be g ds-ind

 expenditure or whyaiuxogxéu.:

Toad on the. operat or. i o ‘v\ R ) i

Relntionships ob(:ained betveen speed of H.].leting and the produc:' i

of ‘heart: rate and blood pressure:/fwe}e Tihear and- aignificnnt fm—

0.01,7d.£. =6, Fig. 20,. Table 21), L

8, Fig. 26, Table 21). "No s'ign1§i!:,am: 5

_The.different unux relationshigé Lesteﬂ between speed of -

filleting (Perfomm?ze/ Tating) and mean hear: rate, blood ptesnute

rate and blood pressure ‘e as fullws. B
/i

(beats /mimute)

Blood Pressure.

Both systolic blood presdure (s,\y and crua ‘mean blnod DraREt:
LB.P0) vere wmidered for unalyiig purpoi R

2;

In eq\\af.iun = a‘Pb(X) ‘a' .lnd 'b' ‘are clued reg:essloﬂ cnefﬁ.—'

factors such as physi e ator, skill and R
work layout, method ot filleting, workplace height;. immediate and general
'a'. ig-tlie Y intercept or.the s
is' the slope 6f:the line or the aver
in ¥ for each chmge of one (eil:her increase or decreau) in X

In performance: mtmgu ten, yarfnmnce ratingv s exp:esud
dn y:rcen:sge.




= usfollow

o " “leart Rate -
“.(beats/miniute).
(Dependenr. Varidble),

\ﬂelrt Rate =29.97.4 0:76’

o e --Sub. Noi
p< D.DS £

fsw=~.,(..°
e i, Nowr3 Heart Rate = 31703+ 0. 7L (Perfom xmmg)'
(R= 0.710,:9< 005, d.£.°=

'$uh..1\lo. 4 Heatt Racé = 69704 0,34 (Perfumanu Rattng)‘
‘R = 0.875, ?<0.01, a5 = 8 ;

bl
Blupd Pressure

)

(mm "o

% Hg.)!
(Dependenb Vsriable) 8
2. 584 1528 (¢ famenci

o8 . “Bub, uo.,l -eys:ouc ‘blood pressuxe (sA.
ok R =0547.p<0 oL, d.£..= 6): e

, ; <
Petfamnce Rating “ (Table’21) *

(Indapenderxt Vlriable)

Rating)

+ - Sub, Noi* z Systouc b]m:d presaum (SA)
[¢:3

Sub, .No 4 Sayatbtic bisod eshuis: (55 =109.97 + o, 2 (?erfomnce mmg
(&= 0722, p<0.05, d.5. = 8 <.

also:
i T g . Sub." No._ 1 .True mean blood pressure (T M.B.P.) = 78.12:+ 0. 449- (Perfnmanc: 3 %
B e R=10.688, 92010, i E = 6) ting) .-
HE 2 (uem Hate . Bléod Preasur:) LY Betforance, Rnting 5 (Tab‘leé 2 al_:d'l_Z) E

‘(beats/minute x-im of'Hg.)

i 'l(negendenc vmabl) : . (Indegendent Vaziable) S EEL Rl

o s 1,s called doagticient of sortelation. It is a measure of-,
N, assonim:ion indicating the strength and dirgerion of a- “linear relation-:
ship ber_wean "the two, _variables. "’[;eneral Applxed smmztic" by’ Zmay_[xf, 1970

In Linéar regression, . -

£ Fis called the. deg'zee of freeds
of ahsex‘vatim‘is Tecorded.

s~equal 'to ‘(n-2) wheren, 15 ‘the no.

Phes ] Do dnk value
. L Wk S médn Beact vate . | )
< Systalic blood pressure,” recorded just afcer_jhe complel:lon
of: each filleting experineiit. = : 5




" isub. No.-4 (u/x TTMB.R) 3 6555 % 3819 (Patfnmnce

" condit; uns, a8

b pmssnxa increase 1inEBrly \(pm 03 &

aose dirre) work energy. ' This extra wo;j expemg:un causes g, TisE 1.

3 the ‘demiand’ fot blnod 1:\ the, macle fmn ten to. :venryfald, dgpmding on

the 1neuas=d pimping ’ouzput ‘of -the heut which cauges an im:reue n*

,'1971, Y %

- output tsfe of Fillets produced vere considered for regression analysis

vecaieters vas ‘investigated separately,

© Sub. No.

(R=0581.p<0 df.ﬁ&)

5 (F=053§.p<005 af.-s)

‘This stidy has ahmm that in fish j 1mts undm pxesenc worid.n

thie. opers:nr inm:easea his speedmf filie:ing hls ‘mear

heatt rate, blood: pressure and ptoduct 'of mean hznr: tgte and blcod

p<0.01; leles I1tand 22)4

1 This amlld be explxined 1n the

nllquing vay, s the operato mcreases

hia speed of Euleting, he’ \muld have to put s&ne extra effort oz’ pend

th 'umuy ‘of worki : This increased blood. feppiy ‘denand 1s met by~

mg mean nean rafe and bleod px‘esaura of the opermn ik

4.2 ' RELATIONSHIP BETIEEN. ACTUAL OUTPUT. RATEZ AND THE HEAN

S HEART ‘RATE, BLOOD.PRESSURE AND' THE PRODUCT OF MEAN HEART,
Y RATE m BLDOD PRESSURE OF THE FILLETING OPERATOR *

‘~ Sutter diagtm (Pigs. 22 tu zz,) were. dmwn betyeen abnve mn—

L, Grandiedn, "Fitting the Taak £6 the Man--An Bfgonomic Approact,”

Both act\\al output’ rate of tound codfish pxﬂcaued and ‘actust °

purpose. . Th

£fect, of each of them on the differént yhyelolngicll



works for higher output rates, his

O product of mean heart rate &nd blood pressure ‘also increase.

“Linear 20
regression and correlation analysis was therefore used.

. Significant positive linear relatiomships were observed between

ictual output rate worh roundEish and fille:s) énd.the ‘mean heart rate

v fer eanh of “the ﬁllet:ers, For example.wfor rmmdfi.sh suxuect 1

ST T wide0s, e

- 6. Fig. 22, Table 24), subject 3 (p <0 05, d. £i'= 6,

. 'Table 24), and subjecc 4 (p 20.01, d:f. = - 8, Mg. 22, Table

~.The total vatiation “in’mear’ heart rate ‘that could be e)q)!,ﬂined

by the linear relationship with actual output rate of fillets, for

~ subjects 1, 3 and 4, wa; 60.5%, 36.5%"and 66.9%, respectively (Table 22).

The dncrease in mean heart rate with increase in actual guput

Fate could be explained. . Actual ou:puc rate (Hllets and uhnle fish)

depends wdialy on speed of Eilleting and slxaif f1h2 each of whick 5

causes ‘an_increase in th: mean heart rate of the uperntor

Reguits from zhe 11nea: regressian analyua (’K'zbles‘ 23 to 25)

inail:sted &'linear relationship trend with positive slope betueen actual”

output rate (fillets as well as ' round -fish) and blood pressure (both

s R aystolir_ and. true mean ‘blood pressure) of each operator. Bowever, no

ﬂlgnlficant [relativaship was ﬂhserved between actual ouzpu: tite and

operator's blood pressure for all the' four subjects (Tables 23 to'25). '

o35
g B 1Bgth. syétouc a8 well as frud mean blood pressure. .

Refer p. 130, Of this xepore.

ERICEEE "¢ Srefer pp:. I, 111, of this report:

t P G

mean heart rate, blood pressureland N




It was also dbserved that relationships cbtained between actusi__siv?

output rate. (both fish and fillets) and product of mean heart rate (H/R) = -

L2 and systolic blood pressire «(S A) were unesu- and sigmficm: for, Subjects\'

< 1 and 4. For exasple, for romdtiss Su‘bje:t 1 (pﬁu 05, dufe =6, Fig. s

»
24, Table 24), smi.Subjel:t %4 (p< 0.05,.4.5. = 8, Fip, 24, Table ZA).

The coefficient of determination @2y, sl;‘ws‘gha:"w.sz for filleter' 1 NE o

,and’ 40:4% for filleter 4 of the total'variation:in l(ﬂ/l(.x sA) &an be
i) : accounted by the linear:relationship with actual' output' rate (roundfish)

o (Table 24).

“1 5 » 2 °
The significant linear relationships obtained for different subjects are
as, follows: o

) Mean Heart Ratel Vs, Actual Output Rate : (TJhxes_iz and 24)

o (beats/minute) (Ibs: /hc.) g
(Dependeht. Variable) : {(Independent Variable) - . AN
. 'Sub. No: 'l Heart Rate = 87,09 0. 032 (Actual ofitput rate of :aundfish) v E

(2 = 02786, p<0.05, d,£3= 6) .

Sub. No. 3 Heaﬂ; Rate = 42:78.+ 0. 137 (Actual n\ll:put rate of xaundfish)
# (R=07l7 p<005.df.-6) E o ‘.:

Subi No. 4 Heart Rate = 94.18 + 0;019 (Actual output rate of roundfish) ' .
; : : : it !
3 (R = 0.823, p<0.01, d.f. =8) -

et réte for subject # could not.be recorded. Failure of
recording electrodes making adequate' electrical contact during the,
performanice, of attual experlmam.:v.

P 2R 16 called he cosfficient of, correlation. - It'is amedsure ~
B £ aE associatiqn indicating the; atrength and dlmctirm of a ]ingax‘ reh- .
ship bétueen thie' tyo varisbles 3

o Tan v i-34:£, 15.called the degree of freedoi™®In lirear regression,
its value is equalto, (n-2) where n is the £ observations recorded; -
"Statistical Technlduas in Bisiness and Economics", by, Mason, Rij; 19745

p 9% = Tl T e

2
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also -

Sub. No. 1 Heart Rate = 85.00 + 0.076 (Actual output rate of fliletb)
» : ® = 0.778, p20.05, d.£. = 6)

™ Sub. No. 3  Heart Raue =48.2 + 0« 3!6 (Actual output ruté ﬂf fllléts)
Pyt & ¥ i (R:= 0 604, p<0 10, = 6)

Sub. Noi'4', Heatt Rate =93.6 +0,06. (Actual output rate of fillets)
(R°= 0.818, pg0.01, 4.6 < ; i )
(feart Rate (H/R)' x Systolic: Bluod ressure. (5 ) Ve, Accuial odcp\.‘: Rate °

beats/minute * mm'of Hg.) 5 . Elb L/hr.y »
B t Varial 51 h § i : Indé endent Variable
v 3 N
e s o tE x . (Tables 23'and -24):

Sub. No.. 1i- (H/R x 5,) = 11278+ 8.93 (Actual output rate of roiindeish)
d (R = 0.704, p<0.05, d.f. = 6)
Sub. No. & -(H/R xS, = 12830 + 2. 87 (hctual output rate of x‘aundesh) ¥
(R=0636, pe0.05; d.f. =8)

Sub. No. 1 (/R x S,) = 11438 +.19.14 (Actudl output raté of fillets)’
% ¥ (R =0.628, p<0.10, d.f. =:6) i

“No.. 4. (H/R x Sy, = 12751+ 8.27, (Actual cutput rate of fiilets) L
(R = 0.629; p<0.10, d.£. = 8)7 - .= e

‘In fish-processing, there are . mumber of factors other than_
st,eea of filleting (perfornance rating) such ds size of £ish, work

layout, workplace helght,. physi:ll of t aun,

-, 4 enviranmenral conditions, Etc. s which may sft’ect the work peztamm:e

+(actual Gntput rate) and the phybiological load of the operato

Some.

of the above factots. such as ‘work lqyoul:, wurkplage heig‘ht, ttaining,

inmediate and enviro 1 conditi could be” l:nntrallwd to some extent, .
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filleting operator in 75 or 100 1b. boxes, i.e., weight of the-fish

supplied-is constant per box, but mumber of fish per box varies according -

to the-size of fish. A largermumber of fish per bo represents a
: smaller size (lLength) £1sh 4n the box and Vice versa.l
I Lo v
: LA SC“S“ diagran(Figura 25), dravn between' siimber of round cod~

“ifish per 75 1b.'box and the phyuulogical panlmetet such ‘as. mean

g T ,heart rate,, showad in gmeral umr talationship trand. Linear

B 2 ,ngtessmn :and norrel 1on auzlysis was thexefare usem

1; was, observed 4

‘that the mean heart rate of ‘the u]:eratﬂr increases as ‘he Eﬂle:s a

* bigger size fish or®léss number of codfish.pér 75 _1b. box. The follawing

stgnificant Linear relationships Wers obtained for Subjects’ 1 dndt !

awle 29.. . - T Sial B e R e S

. §ub. Nou 1 Heart Rate = 178,3 - 2.66 x (po. o cndfish per 75 Ib. box)

, (beats /nin.) . od |
G = ~0.837,: P20 01 s . e B sea NN

eats /min.)

Sub. No. & Hear: Rate = 114 2 -0 29 x (no. of codf,ish per 75 1b. box) s
v - (B
Eig T S J (gn -0. 621, p<0. 05, 4

=s)

e mmue in the-nedn hg.:: m{e nf fillecing apemor, w1¢ ¥ F

LR deculse in number of :Ddﬁsh pez bux or 'ulth .an iucrsne in size.

Rgier Cha'pt.e! 3, pi93 s of this “repor!

o B Y- rate ‘for Sibfane 2 wuld nnt be mcntdad‘ " Failure of
Sy b i nean: rate’ . dur £ actual éxperi-
N * | ments, Y i T ek




extra work energy or put some extra effort to overcome this additioml

weight in handling and filleting. This extra work effort put forth by

P ﬁ\e _perator «causes an increase in his heart rate. -

4 No signiflcant relacinnshlps were: Dbserved -between number of
codfish Ber 75 1b. box and systolic blood ptessura énd product of mean: .

" haart ratd’and sysm.lic blood pmseu‘re of ‘the nrperl:or (Tables 25° and G

26).

This study has s\-mm that \mdez thel 'preaent worklig cnndi:lons

in fish planl‘.s, speed of fllletln! and n‘-mber of cndfi.sh Per 75 b‘ box,

Dr in other words Bize (langch) of fish. are tha two important facturs

Which affect the ph]aiolagicn]. load on I:ha fille:inz Operaﬁnx‘. Thera—

fore; in order :u evalual:e the effect of s\aud of filletin@ (1ndependem:‘

iological 2 sur_has;

physiolaglcal load f e by
"heart rate, etc.) of the. £illeting operator, mllciple Linear. regression ..

amaxys s'vas, nsed. Multiple linear regression’ and cntrelatiun anslysia i

| enables us tn evalun:e two mporl:ant facts:" ' " : 3 v g g

E e L.\ Tt gtves us a multipla coefficient of cotrelntio-n "y bemeen

and’ g ivariables; a°t test statistll: ~cnlled Aag el ‘.

"averall F-ratio! i multiyle “linear re;xession equsl.iun. i

,xnth 'R ! s‘d 'ovexau F-ratio" r=presenz the uvetlll depanﬂenca

seet of . other, varinblen. In, gene:nl if r.wa

of'a variable on

,'"Sntj.sticu Package for thé Social Sciences" (SPSS) by Nie, ©
kins and Bent; "Statistical Techniques in'Business and Eco-
P 513-530; ‘and “EMDO2R;-STEPWISE REGRES—

l.mvanny’uf Caliionﬂa, (App!nd!:x AP




ERTEN

iction’ of ﬂependent varlnble than either vsria.hle alnn@

.

The \ﬁucer uucput glves @ partul correla[ion nnd also &, par’dnl

F-ratio) valué. for each oF Lhe 1nrlepandsnt vmabxgg, Cpazeial
cortelation pruvides a single ‘measurg of assu:iajian aesmbmg

\‘.he relacinnshxp beeueen two ! variab‘iea whue i) ustiag for r.he

effen:ts- of ‘one or more additimnl vatlnbles. In plrtill corre=
g lltluns. thig adjustmanr. ot totrol is s:atist!ul And is based

ou’ the sh!plifying aanun-p:inns of 1ipear relitibnshis among tné

vpriub;lea. e

Onie one khows: the Tinedr relat

dependent: and control -varidbles; : the pu;ial corteTation cogtficient

‘can e ‘cal ”a,,,' Yl)new £ and

n.ew or. udjusted indepenﬂu\t vdrhble is L:Dnstruc:ed sutistiwlly hy

t&king the- diffetmu&-between the.. actunl value of c'he nrigmul indep;n—'

“cfntrol variable, 'me new varinbl: 1s, by deftnition, un:errelnted with

Vo und/ur .u conttol variables which have been entéred. The-‘same

2 ptocedure i :'hen repeamx fnx ;he dependent vuriuble. 'me n.nuz effez: e

./ Lcantiol vartdb1s is. the variable whose effedt ‘on Hependent. und

“ independent variables .during partial ‘correlation analysis; has to.be
controlled statistically; For example, i ordef to mbtaln ‘the'partial .
‘correlation between Y and X, in milriple regression equitionY.='a +b
{(X{) +-c(Xp),  the effect of X3 o both Y and X) has to b= controlted.
X, s then called control variahle, = Similarly, x], 1s'called. control

B vaxiable vqhen 2 puﬂul conelamm between. Y and-Xp, 1. dgsiud. H




and dependent ‘vartables, and the simple- eorrelation betyesr these ' -
i &

Arljus:ed varia’nles is the partial” corulacion

+Pirtial’ mrelman ‘often, deals with 10:&:1!\5 relatiansh'ip&

between variabley, u“k;eﬂ none’ sppears to eaxtd, One sonet imes enr.oun:e:s Ty

S5 utuau.ons where theory'or inmltive udgment leaids: sueto beueve that )

Lk there should be:2 relatimship between two -varin‘:l but the' data’..

., simply . do nnl:‘indicnte An)' !elutionship- When this 18" the lcase, d\ere

1s I:he pomthiluy that some nt,het variabla nr variables are scv:ing ta hide

or guppress, :ha 1 ) “. These ‘supp ‘rei - often’ :eke

the form of "A" shws no u1ac1£ship to'B" 'becnnse A 15t negmvely

xela:ed to c. which 141 turn -1y positively related ‘to I “dence A is

gor' paeitively related to "B vlen one contrnls for the fects of | c

Thus Pattial corl'elat:ivn xivas a'better indication of the! " Do

’xeiucionshiy betveen each variable wich ¢ variable

than' that given by simple linear regreasion amlysis because’ m s‘inple

5 ot regressinn analyaig. the affsct nf Sther Lndeyem‘lent varleblee on tbe 5

dependenr_ v-riable 15 not controlled

N : 5 a4 m a multiple linur regression gquat:xm\ ¥ = + b (x )

¥ 15 catied dependmc

z‘ 15 a cumtan:, B a.nd choare :he partial regresunn cuefﬁcients.

For’ exa.mpl:, "B, utmd.s far the expected ghange dn Y vith a chmge of.

16'held constants - Expressed. tn another vay, ‘5t

e " oneunit tn X‘I/Whm x

!'Statisticnl \hduge 67 the smul Scmnces" (sPss), by. llla, e
Hull; Jenkins and Beat (1975) 5 p.; 302; : '




¥ : z
1s the expec(ed difference fn ¥ betveen two groups which are yﬁferent “ &

ofv X, by, oe wnit but are :he same on Xy, ¢

For this’ 1nyescigauun, a Cewuter progrima catled ""BNDO2R~~

sTEPulsE Rzmmssrou"l was uued to btatni. (1) 'Overall R,{z and 'Overau

p'3,:he test’ sxaumcs to represenz thé overall dependnce * uf physio-

98 1ogica1 1oad on. speed of fille’t:{.ﬁg and nunber. af codfigh per 75 n:. boxy

L@y ‘Partial: 4 elués of each of the tyn independent: varia‘bles (speed

of fmet,ing md mnrbet uf codfish pet 75 1b. bnx) with dzpenden( variable, Sl

Tha, ‘physiulngil:al Toad pizine tar. such ias. haart rate; blood ‘pressure; etc.

of the ﬁlleting operator ; “and (3) a multiple linenr regnesign eauation

" between: ogical load pai améter - (dependent vir; sble it ah ar

rate, ¥lood pressure, etc.). nnd speed of filleting (1ndependent variable) o

~ana mmber of odfish per' 751 box (—annthet 1ndependen: vari-ahle) B o

Fnis study has shown significant positive telaticnships becween i

5
Sork parfomance (performance rating, actial output ra‘te) and, Pyl

-

logil:a]. ioad G ed by b such e heirc Tate,

blood pressute. etc.) of the operator. “In: L\cr:ual prnctiﬂe, wharg r.he

ise ‘the mltiple .7

loads Hanagemenl: in fish pxms éan, theufote,

ression analysis tn evalune factots sud\ a8 work load 1evela, equik

Appendlx A pi195; Appeudix B, ppy 199—zul.. W ae g
‘overall Rm is ‘calied mltiple co-effielent of r:ux laxlon Lo

Mverall.F relates to'the test statistic, talled ‘overall F-ratio; Ovetall
ménd’uvexau ¥ are computed to test the eignificnnqe of regrewwn coeff-
clents i the mitiple regremon equation:”

o1 "5, thet Foratto Betwesn ba yart nd
2 for -the effettl of one or mze’additlo‘nal 4ndependex\t varinbles
on thie dependent variable.”
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.o . )
i ment comparson,’ §ob eviluation and Telative task difficultics,’ thus

improving the overall effiefency of ‘the plant without catsing any umec="

essary hiqher physiolog’igﬂ inaég on ' the operaéar'. g

2 Ty Nou of cadfish per “35.1b. box

‘nl . varhble) idependeit Varisble) -
¢ i :

‘. e (Kefar Table 30)

1 -Heérﬂnace =11 o7+9 459 (Pariamance Rating) - 1 Aa (N -
. . (6f codfish pex 751b. box)
: (nm-non r=15317, $<0.01; df.-=25)

3

= 25.05+ 0,941 (Perfommco Rating) - 0.475 (o.,
of codfish. per: 75 1b. box)” P #
R = 3970, p<0.10 d. i=2,5)

Sub. Vol 3 Reart Ral

14 "(R ='u.'ss‘

LE Hesrt mg = 79.85+0; 29 (Pe:fomme Rating) - C0.15 gio:
O : . i 't of codEfeh per 75 1b. -+ box)-
T (km =0:916; F = 18.322, p<0.01, dif, = 2,7)

W

250’ periornance ratiig-systéns, perfoxmante Fatiiy i mpzesenmd
by pexmntage. ")kmon and Time, Sludy" hy Bames (1968), P

is . called inultiple Soefficieit ob cth;iqn Forelates. :
to,-the. tesc statistic, calldd.overall F-ratio.’ Ry'and wratiu are com
puted to test the signifi sance of regression cnefficients in the" muluple
"' régression eguation! The degrees-of freedom (d.f:) associated with -
“gverall'F are’K and (-K—1) vhere N.=.'sample size and K.=mumbeg of "
_;uﬂepcndmc variables. in “theequation.: "Statistical -Package: fai the Snc
nces”, by }hg, Hull Jm\ldn siBent 1975, p. 335,

al




urn ¥
% t B .
.Systolic Blood Pressuse -Vs. PRerformance Rating, No. of Codfish per 75 lb. box . Al
J -, (s (mof Hg.) % s , £ opd g
R Dependent Variable) (¢ Variable) (L Variable)

& BT o oy 3 " (Refer Table.30)

Su'b Yo li.éyﬂtﬂlic Blood Pressure (SA)” —~82.91 + 1.827 (l"erformaum'
Rating)+ 1.931 (No. of %o \i

A b fish per 75 1b . Box)

e (Ry =.0. 897 F=10. 302, PL0; 05 d, f.

Sub ., Nu 2 Systoncmoud Pressure (sA) = 115 £.01339 (Parfnmance S
3 . Rating)+ 0.095
fish per75-15

:8
2

97.43 % 0.337 (Perfornante.
Rating)+ 0.181: (No."of cod=
fish per 75 1b...box) ;
<431, p20.05, 8.F. = 2, 7) -

Mean Heart Rate Perfurménce Rating; No- “E Cmmm per 75 1b. box
(H/R) xSystolic %

Blood Pressire (S,) . 5 g Varisble) “Vatiable)
: (b min. x o Of Hg.) - . E
(ependent Veriable) : e (Refer Tabie 30)

Sib. No. 1 (H/R # S =.18952, ¥ '277.45' (ber formance Rating) - fi07 (No.
of codfish per 75 1bi Hox) -

(Rm=0952 “F= 23.973, - p<001, df -25)“

® Suh. “No. A (H/R X Sp),

6807+ 74, 78 (Performance Raang) - 78 (Na
of codfish per’75 1b.
. (Rm= 0.980; -F =.194.25, p<0 001, d.f. = Z 7)

; Thé tpartial F-ratin valuas. of independen\'. variahles, fie.;

. kg n‘fomance rzting and nulrhe( bf ‘codfish pel 751h. box wit‘n diffemné

phyuomgmax pﬂran\eters, such 45 mean heart tite, Blaod presﬁure, cetcy,

% o wer8 obtained \lsi'ng mll’.iple regressiun analysis and are presented in

3 Ypartial F - 1s the Feratic between two varishles (dependent and
indepgndent) while’ adfisting for the effects of oneiot more ‘additional
independen: variables on. the dependent variable. ..




. Tables 33 and- 34

The mumple regtgdsicn muym showed_that predictions for
L 3

= physiological load piraneters Such as ssan heast’ rate, hlood pressure

" and product -of mean heatt rate ad ‘blood pressure were impx‘ovzd, ap, e
Soes we S . doted by. the ihcrease in :he value: of oefficisnt of detamiﬂsuun”(x )

when bnr.h periommce Tating. ami number, of undtish per 75 1. ’hcx‘we?e

uspd; Cogathe® tha Whod yerfomlnce Fabing ves'usad alone, as i Siuple;

S A tnear annlysis. i) exlmple, the value of: coeffictenti of d.e:gminuunn "

(&%) ‘for depend variable e i3 'rmce ase fmm0576 (mu

21, when only. one - independe.ut vnzlable esd: of Eillzting vas used ag

in linear regression anplysis, to. 0 859 ('I‘sble 30) fnr Subjel:r. l. when T

> @ - two 1ndependent vnr‘a\ales (speedﬁ fillel’.ing md numbez of codfiah per . .

75 . 'bnx) were used tuget)lex as in multiple regressiun snulysis. The

‘ressbn for this’ 1mPrWEment in predj.ction fur physiological: lu-d pa

1 wet:r such as ‘mean, hanzp rn:e, ete, Is t)ut 1u this 1nvsscigatinn, ai' v

i discussied ea:nu, boti speed. of filler_ing (‘pezfnmﬂnce xa:ﬂ?g) ‘and’

'numbu of. mdfuh per’ 75 1. Box veze indﬁpzndently observed tobe -

linelr rglationﬂhip with physinlosicul Toad parameter nuch ds: mean, heart

xau, etc.z Themfcm, when thsis o mdepmden: vnmbles (speed o:

) filleti-ng and l\umber of tudflsh pez 75 lb box)' are gxouped tvgst‘hat,

as"in multiple” regtes!inn unalynis, ‘they :cgethex g ve a ba;m prédic-

tion of gependegt variable such u’hea:r. rate;. et mm gi:h:r v"arilble ;-

arll:iun “in_the depeadent variable which has been:”
'Appli:d Geeral Smr_istlu' by Croxton;




attér theeffect of sumber of Godflsh’ per bok oh ‘thes above mentioned -

: speed of fundng i ance rating) afd-systolfc blcod

bewean speed of fulech\g and. sjstolic blood p;essum foi Subjéets 1 \%
2 and 4 (lele 36); -and betwezn speed, of filleting ‘and pmduc: of mém, |

hear: xxte and systnlic hluud pjﬁux‘e for Subj:nts 1 md L (Table 33),

physialogicnl léed parameters was, uintnlled. Nmbex of cudfish per.,

75 1b. bax vias found to Have, negutl‘le unm— significant Telationshi; P!

with mean heart rate for Subjects 1 and [ mme 33)  but -nd relatio

: bnsrved betwean numbet of c dfiuh per 75 lb ‘box and nyecouc 4

blaad pressu:e ~and pmducc oi menu hearc ra:e md sysmuc bluod pres-

sure (Tahlaa 33 and 36), liter I:he effec: of speed of - filleting on’ the.

above" unticmed Physiologteal: cornlates ves céntrolled

For this 1nves:igntion, 3'5’ dits were

I

- on.an 1nd1v1dua1 typc fnimng -:am Lajout, by’ fnur snbjeccs.k Tt seas
obse:ud fmm multiple regteﬂsion analysis”that in. some cases relatial\shi.ps

bet!;e:n @o vlr.ta‘bles were significmt for. :wo or three subj e-:ta but not -

fm.- au the suhjecta. " For exa.mple. the’, pm:ial x:lationahip bemeen

signi(icant for. Eubjects 1,2 and 4 but nnt signi,fin:az\t for Subje:t

(rable 30). W6 because other vamues mh as-work layout, method o6

ﬂ.lle(’ug, genernl envirmmental conditiena, etc hnve h:en kep con-

cant for-dll the auhjet::s and indepe'ndeut riable ‘mtasof iﬂh or!

12 3 this _' 4 ,‘ 4.. the resulti » . Ba because. '




of sibject variation or because of some other factors unaccounted . for.

el T A milkdple Linear !agressinn analysis, using dnmy Vatilhl.gs,

was therefnre used to pnul all the S cnnducted by

] subj:ccs, Hn a Epe:ill way, S0 88 .to giva the " oveta.'l.l trend or !‘Elntim’r

ship between perfumnnce rnting ‘(speed of £111et1ng), size of cndfish

%y B and physiological bnrmgtus stich a. mean Kt ratey systolic hload

ssure, aten Usinz‘dulmy Varsbles; dt'ves youi‘bla to adjust. ox”

Todntrl tha effect of -the m\\j &t (a mminnl Bale vamne) on the

e response . (aéan hem Fate, blood pressuu. ate.). STherefotal, 4 dLEfernt

(! blocks of dite -Frow b differsnt suhjel:ts “ould be' gl.'mlped :ogetn,;r' and

trea:ed dsone, group. Fcr this 1nvestigution. aset of d vatiabl:s

repreaerz:ed dEFerent subjects. The muldple lhmar mgms,un Equatlon‘_-

‘s ueed vas of the ‘foru

x-.n bs

VL vikte »' Y = Depandelgt variable (mean Heart rate (B/R),
T S pussun (B/P). ter) ) i [_

(&
vatllbles erfors Téting;
of undfish per 75 1b. box) : 1

> 1"5:5:15!:11:51 Packagz for the smu suences" (SPSS) by.llie,

| Hull, Jenkins, Steimbrenner and Beit (1975), pp. 373-383; "Applied
‘Regression Analysis" by Draper and Siith (1966), pp. 134-141; “scé
Appendix A, L9573 Appendﬁx B, ppzus—221 ]




oDy and x2 5= :he variat‘ion in number oi cndfiuh per
75 1bs’ box, ussncintad witf\ s\lbj;ct: vat: tiun

'l'he avmu éorrelation or avnsn r, gmn by this: equation; you: T

ahnw ‘the ‘overall deymden:r_ of -+ cha dependm: vaxiable (n:nn “heart: raten

5

R, blood: ptessu!e ®78), etc.)”on the three independent vamﬁes
(perfdmaz\ce rating, number of codtish :pix 75 b, box, and subjec:) for -
oL e conbt ed experl.mmts. The ovet.ll]. partial cer:slncinns of dEferen

1ndepend=nt vurluhlu with diffarent dependent vnriablen we!'e nbtained

2 hy entering diffet t set nf variablas An the .nhuve mu].f.lple xegressimz

“equation. - For, example, “the n\zerall pnn:m coneluti

X yn':iul F for petfomnce mmg wlth mean heart 'fate was' obtained by S

Lhe variehlu Y, ,}{, D,D X,D. ,md}( ~dn. the
& ST | 2" 21 272

'multiple Eegrusi.cm gquat:iqn am-l then

etting the tegttnsian aof Y with

3 ., » L= Suhjee: No. 1
J By D g 1 = Subject Nn. 2'.‘,
0 i S\lbja

el e -+ Danisetier’ dutmy varide. (n ) i cormpumung ymducts w:u:h s
5 1ndepen nt varisbles (X1, and X3) ‘are addedin’ the above.miltiple regres—
n when . four stbjécts are ‘to” be rep:aun:ed a8 in t_ha clse 3
" of blood vtauura (B/?) analysis.

Joverall ¥ ‘relates to the -test amu:ié Yovérali F-ratis,
. pu:ed t6 test. the. significance of regressi coef{ldenm, in. the
miltiple regrenic{n equticu. "
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the equation,’ vhich in this case is X, i.c., performance rating, gives
the required overall partlal correlation’ of performance rating (speed
g - of filleting) with mean heart rate while adjusting or controlling for

. the effect of independent varisblesy.i.e., number of codfish per 75 1b.’

1 box andxubject

B operator.” : ¢ . .

“y -
n the dependent variables, i.e., mean heart rate of the

) - a =
The significant multiple relationships-obtained using dummy varisbles :° e

© are as follows: . L b .

 ‘Heart Rate (B/R) Vs.' Performance Rating (X;), No.'of Codfish per ) ,
e . e @ | 75'db. box (x‘), Subject '
. % 5 o . o+ i (Refer Table B-5, pa 214)

. . Pl +o0.48 (xlnl)—u 7*( 2)+;A7 (x2 1)+1ao (xznz)

v ‘ , (R - o0. 595 F = 8.733, p<0.00, &£ = 8/17) e
Systolic Blood PEq_ssﬂ:e"(SA) ! ys.‘ Bersornante Rating (xls. fo. 6f Codfish
— w O Ve i o + per 75 ib. box (xZ) Swject -, - -
Le s, ¢ Tale ! .
2 o “Systolic blood’ Ppressure (s )n= $7.43 + 0. 3A &5 ) #9. 18, (x) - 180.3 (D )
: S ) + 18.58 (n)+/»saz (®p ‘#149 ‘Xﬂ’l) :
. b ER 0.3
". . o o Tae 05Dy +.0.008 (xz":) 2 T R
L 0.8972,.F = 8, 6255, peg.0L, a.f = 11/23) P ) ,
Low 4 2 W P
na " Hearg Rate (ulx) )'fSys_tolic Etoqd_l’tessu:.e (sy) YVs‘ % );(%x‘sz Cnd 1 ss{xl),
4 R - . s - B boic (Xy) il
{ ey - ; B
| Hearr. rate x Systolic blood pressura 28957 + 9,77 . ) - 11057 (X,)
¢ . o " + 12364, @) + 15793 .(0,)
N . R . “ —131B(XD2—2029(X12) ",

gy e . e "+556(x2»)+1102(x21))
®, =0. 9238, ¥ =*12. 364, p<o 01, '3 £:7="8117)
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The overall partial F values of t variables rating
and number of codfish per 75 1b. box) with different physiologichl para-

meters (mean heart rate, systolic blood pressure, etc.) were obtained

using multiple regression:analysis with dummy'variableés and are presented
_ in Table 37.
Ty aigve multiple linear: regression analysis usmg auminy. vari-

,a‘hles shoted that for thiE ity a8 o whole‘ sip\lflcmt yuaitlve Felat

- tionships extated bftween speed of finemn; (“yexfommce. mu.n.) and

mean heart rate,” systallc blood. pressure and product Of mean neut rate

and systolic blood pressure of the' filleting operator, ¢

the number of codfish per 75 1b. box (ur in other words size of fiah) and
alss the effect of subjéct variarion od the above mentioned physiological

parameters were cum‘_:olled Thus, in :his investig,ation an increage in

the speed of £illeting causés a signifi.cant increase in. the ‘mean ]\eart rate]

and sysmuc ‘blood pressure of the operatot: and vice versa (Table: 37).
vopl e
,mg aultiple Tnear regre\ssion analysis using-dummy vﬂx{ablu

also, shoved, thet for this midy'ns & whole, négative significant rela-
t1onshilp existed between number of codfish per 75 1b. box asd the, meal . ;
heart rate of the flll![ing opa!ltor, unu thg,affect of Bpeed of fillatlng

and wajecl: variation ﬂn the mean heatt Tate wag conl:elled atltilkl—

cnlly (Table i37).:" The mea huart Fage ‘of the fnlemng apentur 13-

crunes ulmificmtly as he filler.u ‘@ lower number of codfish pet 75154,

box or a bigger. llia c&dfish. No significent relatlvnahip es pheerved s

. between number b cudfiph,per 75 1|1. box-and aystnu.c blood pu sure and




4.3 RELATIONSHIP BETWEEN NUMBER OF. ROUND CODFISH PER 75 LB. BOX
AND_NORMAL QUTPUT RATE! (LBS./HR.)

Scatter diagram (Fig. 32) shows a curvilinear relationship
between number of codfish’per box (or in other vords size of flsh), and
the normal output’ rate (lbs./hr.): It' s chaazved that a decrease in
mumber-of codfish(or an increase in ‘the s codfishy, Tesulted in an

incregse in the’ nomal nutput rate (reundfish as well as’ fillets {skin»

on)) af_the iule:mg operator. and vice veisd., However, the, rate Jof
decrease of fiornal output ‘per hour for the small size (large nunber of
£ish per “given weight) vas abserved to be alt a5 high hen’ cnmpared to
-the large ‘sizé (small number of codfish per given weight).

. Output of fillets per hour for a certain size of fioh 1o the
function of “the speed of Filleting and the amount of meat removed as ‘&
“ratio-of the fotal weight of the fish, i.e., yleld. ‘Speed is ‘:i.ltectly
related to the pace and effort, whereas yield seems to depend on many
factors such as skill of the opexator, speed of fuleti;:g, size of the
fish, etc.  Here since the output per hour for all the ohserv‘ltlons were
notnalized sb'as to givé normal oitput-rate and ‘that all the operators
iillateﬂ‘a wide rangd of £1en size, the factor which could contribute
to the slowirate of- reduction of . the Giotal GutpuE peE duEfoE pRalL
size £ish 1s the eFfect of stze of £ish on yield. ‘It was observed from

‘catier’ diagran . (Pigure 27) drawn between number “of codfish

75 1b. box and: percentage yield and also _from 1inear regression analysls ¢

tesults (Tablg 27) that petcentage yields were slightly. higher. for the ©

" émall ‘size’codfish (large number of fish per.75 1b. box) as compared to, the -

SRR
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large size codfish (small number of fish per.75 1b. hu;)' for Subjects
1, 2 and 4. ﬂnwever, no sig'nif'lcunt reli\hmath‘wns abnarved between
size of fish and percentage yield for any uf the four sn.hjetts.

Table 26 and FiguYe 32 show that slgniﬂ.nanl ncn~11n=-r (:um v

liuear) tel.atl.onships existad betueen number of mdﬁsh per)ﬂ lh bnx

‘and nnmal output ‘rates, (both roundfish and fillel:s) for. auch of the "

s\lbjacts, l.e.. Subject No. 1 (p<0 01 d.:

=6), Subjgc: No.2 (p<o 05,

A - 77, Subject No. 3 (p€0.05,°d.£. = 6) and Subject No. 4 (2.0, oox

d. £ 8).

The normal dutpit rate'of round pomsy} Viried from 287 m;. per'*

¥
§
i

- Hour for the small size inshore (trap)’ undressed cod, 1.e.; 43 nuzber -
_Of fish pér 75 1b. box to 1032. Ibs. per hour for large sizé inshore

(trap) undressed. codfish, i.e., 21 number of fish per 75 1b. box{

-The normal output Tate of fillets, (skin-onf varied from 114.7

1bs./hr. for the smll Bize Anshore (trap) wndressed esdfish (0% B

L ope s §

number of fish per: 75 b box) to 461" 1bs./hr. for large sizé inshore

(trap) undxueed :odfish (21 umzi:ez of flsh ‘per 7516 Box)';
l‘he uigniflcmt xelutinnahip ubservéd betveen size o£ codfiah

. -and normal” nm:put rate susgests rJu: mnagemnt in fish p]mr_u should

- condition of the Eilh.

The mon-1inear r:h:lensh:lp tested betveen aize uf mdfiuh

output ate was s iollwu el by 2

3 Lpefer Tables 17.66 20, -4 f s i LUt
BCREON. = PR R




| Non-Linear Forn (Converted to Linéar Form) ~

Normal output rate = ax(o. of cd
(ibs/hy)

it vt or 1og,, (Normal outpuc rate) - 1og (a)'+b 1og (Nuv of
i - 410 (abs/nr) : 10 10
@ cbdf1sh/75 1b. box)-

The iollwing slgnifi,cauc' telﬂti‘nns‘hips viere ébtained: (rable 26)

4:8397-.11672 1_5;10 "

_(no. .of ‘¢codfishper .= -,
: ; _ 75 1b. box) ;

Lo L g0 (R=—D§05,p<001,d£. .s),' T T

Sub.. No: 1 1“10 cmmul output. rate of E;lller.s)

P

REN 1ogm (normal autyut taof ﬂue:s) £ 30783 - 0.94 1;;310‘ 2

e % (no. ‘of Codfish,per
751 box) [

@®= -e-ns. b0 ,5, ag, =7

Sub. Not 5 10310 (aornal autput vate of fillers) = 3.069 - 5,249 1689

b s o, o f . (mo. of codfishper’

) oL - £ LT e 751b'b) .

E (R =70.833; p=0,05; d.f. = 6) : o
AL

ets), = 3 405 = 0. 73«10310

Sub. Noi 4" log’ (normal output rate'of f:
. I (nc. of ¢odfishper -
box) | s

Sub. “No. 1 10310 (normul ottput rate of comsw,)- 5.343,= 1. 90 1cgm

(no. of codfiah per
751b. box)

et N L >(n=—0905, p‘DQl, 6) 7

.t:; of codﬁsh) = b 369 ol l 046 1ngm

vs T 0 0'Sub.iNe. 2 108, (nommal outpit

x
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Sub. Wo. 4 1egm (nomnl output rate of cadfuh) = 3.890 --0.820 log;y T
. (no. of codfish per
> . “75.1b. box) 1

s (R = -0.963, p<0.01, d.f. = 8) . <

(.4 RELATIONSKIP BETWEEN SPEED OF FILLETING,'NUMBER OF “ROUND

. "CODFISH PER 75 LB. BOX AND YIELD OF FlLLETmG

By 'Llnalr relltianahips rkrs, obgerved betwesi speed of Elllgr.ing

(perfomnc! :atinz m Ppercent) and percentuge yield (Figure 26%

<observed that percentuge ¥ield decraaaed a8 speed of Flllting increaped

und vice_ versa. | fhe tread was the samé for,all the experidets;

 The fnllwing 1galicant unaur relationships vere bserved fot a11 the

subjectu (Tuble 27y X g oy B 9 i
‘Sub. No! 1 Yield % = 63. a0 16 (perfomance rucing o percent) .
: : (R--0699,p‘005 af. =6 gy <
Subs No. 2 Yield % = ’06 6 =~ 0.08 (perfprmnce rating ‘in percent)
% R = 0. 325. p‘D 01, d.£. = 7)
Sub.No. 3. Yield % m 47.2 - 0: oz (pufommce ‘rating fn percent)
P 2 (R:»o 561, -p< 0:20, ‘dif. = '6)

' Y161d % - '0.06 (perfomance Tatitg in pefcent)

(R-—oat.,pcuus,af w80 Ly

S e dacr,aus, 1n yi.el.d wir.h et meu-n in speed oi ﬂneung

be crphmed in the’ followidg:vay. Yiald 1. ‘defined as the.ratio "

‘of weight uf Hilsts obtained fo the weig)\c [6f fish pmussea. Adehe’

“opérator ‘Increases m #peed of filleting; m op.g}ar_ot nlightly deviatés

£rom using the' ptescrxbed sequench of All the dlfferene hand mtmnu

fequired iar ﬂ.lletin; r_ha £ish co: sctly md in the- pmcezs snmetimes

sk‘lps a few, taq\ﬂxad haid: oiions’ahd go. m ‘able’ to extract leas amount

of 1 meat Etcm thé iish ‘thereby ng g & da::alee in the'yield. i o
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It ‘was also observed that the average percentage yiéld (skin-on
fillets) of Subject No. 1 with 10 years of filleting’ experience was

higher, dee.y 45, 75%, as’ compared to the, ajerage yields of 37,722 For
Subject No: -2.with four-years of fille:i.ng experienoe, nlld 37, osx for %
Subect No.. A with about 'one year of filleting exye_tience.l rn.a mcteus ot
m yield wlth expez‘ience is'to be expected since one “of the min factois
,nffe:tlng yield 14; ki1l

H\llciple Linear régression analysis was.used to evalu-te the

atféct of speed of ﬁlucmg (1ndepeuden: waxuble) and numbe: 9F cog,

Eish per 75 1b. box '(unother 1|\dependel|: v ri&bla), on the peltentage

yield (dependenv. vn:ia‘bla) of the filletihg operator.’ The £olloving
‘nul:ipl: Tegression ‘equation'vas used: -

ﬂeld % ='a+'b (performance rutlngz) +c (no. o§ mund ]csdflsh o
\Hiare, " ' “constant % - R
tr ../ bande, = partial 0 m -2 4 with
Sl o h % _rating
A /‘ . and numher of cudfish/75 1 2

ne pnrtul r—nuo' vlluas af pufomance raung anid. nynbes

of cmifish per 75 1n. box with pericntige yield for" different snb:e:ts
' are préséated in Table 35.

This study’ shoved that speed of fil1efing
T rutj_ng 2) had m\m

nt negative Tinear Felationship vuh .
* pexczn:age ynxd far Subject Nos- 1, 2 lnd 4 nnce ‘the eEEect of number

“of codfish per 75 b, Hox (or i other words size ‘of 1eh) ‘on percentm
< o yuu was controlled .z.:iscicfly

Table 35"also shoved that no ligni-
“ficant relacinnship existed “betuecn num\lar of cmmsh per 75 lb box “and

I Ipeser lele 27.

2Suhject Yo' (B <0.. 1), Su'bjec\: Nos. 1. and 4 (p<o0: 10) —=:Table 35.

i .-3xefer

113, 6F this report’
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percentage yield for Subject Nos. 1,2, 3 and 4. :
- The multiple linear régression analysis, using dummy variables
for auhjects,‘shwed that foi this study as a whole, a' ni[;niﬂcanr

negu:i.ve linear ralationship (p<0 01) e)d.!:ed between speed of ﬁlleung

and Percentage yield'(Table"37). However, ro. s1gnificant relntinnship el

was ubnwed ‘betweer sunber of xodfish per- 751b. box’ and bermntage yidid, "

‘far :m stady as ‘a'wiole (Table 37) ! o, T, SpmERE My

/The -pregent: 1||v£stigﬁtinn lias ‘shown’ that ad 'the cpenmz 1ncreanea o w

lits 'speed, af ﬂuenng, his ymd decrenses. Tt Has alss shown that an

d.m:taau 1n the speed of Eine:tng cé\laes a xignlfil:unt increase 1n the. =

o T o mm Ay sae; of the. opemzur.‘ Seaceer diagram (Figute 28)

'uns, ‘therefora. drawn be:ween perceﬂ[age yield s mean heart rateof

Reeulcs fzom the abava aca::ar d gramé and umar xeereslun
mau.y-ip (’rable za) indlcar.eﬂ 8 lineal‘ ralationship crend with negat ve

n vt tite PE.sh apetator. ST kS

17" slope between percentage yield and

ded However, ‘no aigniflcunt relationshig yas: observed betieen pemanc.ga yield

and operntor_qlmean heart: rate for all the Bubju:t (Tahle 29).

b o : S, Ia mm pxbcssxing plants, hare the preducuvny and; nmings
o the cvmpuny depend o buch ’higher yield ai fantir ﬂ:!aughpnt, the

co-: of the rau mzex1 u mm:h hi/uaa{:he cont o

7 ubuuz. ‘Results,

" grom the above, analysis therefore suggea: that vmrkiag fox higher, yie]@a,

Refer p 106 of :lug :epoz:,

i PHeart rite for aubject 2 conld not: be recnrded Eaflure of heart +.’
< tate geccrding électrodes. o ay
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which is associdted with lower speed of filleting and .consequently with

lower mean heart: rates of the. opé s tant both from economical o

as well as physiulagicai point of view. - . \

T4 RELATIONSHIP BETWEEN SPEED OF l?ll.LETIIIG NUMBER OF mum:
|+ CODFISH PER 75 LB..BOX AND Agrlm. OUTPUT RATEL

" Scatter diugrums (Pigs. 29 o 31) :hmud 5l'.:uigh]c Tine zela:ton—’

per 75.1b. }mx and actual output dte - (lbs /hr. 10 was gbserved- that'

actual olitput’ Tafe, (rmmd fish as uen as fillets) - lncteased as speed of *

. filleting of g operator ix}creaeed and vice versa (Tables 27 and 28).
was also observed that as' the npemcur Filleted'a shalder number of rousd
codfish' per 75 1b. box (ora blgge:/ size' fish), “hte actual output rate
increased (mle 28). The. linéar [regression -of ‘speed of fulemg on
actual output, rate (mund codfish), (Table, 28) was signifieant at per0:01

(Subject No. 2);Vand pe 0. 05 (Suhject Nos.. 3.and B _The linear regression

of number of codfish per 75 ib: \mx on actual outpit ‘tate (round_codfisk)
was slgnificu\t at’p 0,01 (Snbject Nos. 1-and DN (Table 28);
it & An ‘inérease in the antual antpnr_ rate'with so dneredsefltn bpend’ of- o
filleting is obvinns. Actual outpuc. rate’ of roundfish or fillets 1s ghven
by total alnﬁnnt of ush processed or fillets obmned per hoir. . A8 the B

operator increases fils speed of fllletlng, he'is Able ‘to process-a given

weight of fish'(or ptoduce # e velght of £illeks) in less :me.

l:hereby inéreasing actual our_puc rate (lbs Vi i o i

The increase in che actual output rate. of .the opem%or 2s. h\a fillets

a mller fumberof rouid ic dfish per. 75 1b,  box. (or a.bigger size Eioh), could:

S it output Fates OF both dfish and #111ets: vere-co 4.
for thts invesniga:inn. 3 i e




- (p£0.01, for subjects 2 “and 3;-

v,pernient and, dep»ndent)wbile uﬂjusting stacistically, for-the effects of one *
m the

131,

box decreases; everi though the £ish will be of larger size, the operator
%111 be able, to procéss the fish in a shorter time because the total
aumbezof. hand motions involved during the vhole filléting operation

Wil be reduced. Less mumber. of codfish meana the operator would be dotng

the, whole fill;ting‘np’etation in' Legs amount of :lme . 'This saving of. Elme.

w1l give Flger to igher output rate of the' Eiu,e:in operlacor

‘Multiple iinear Fegrey fon aialyais was dsad. o ‘draluate, the effect

‘of number, of round coafish. per 75 ib. Box - (independent varlahle) and’ speed

of Fillicing (another idepéndent variable) on'the dctual output rate
(dépemjlent Varfable of the filleting operator. Theefolldying miltiple

= ¢ : G
regression euation vas used: ;-

“Actual output rate = a-+ b (perfntmsnce ram\g ) # o'(ao. of round codfish
(1bs./hr.) . £ per 75 1b. box)

where a = constant -
and c = partial

coefficients associated with
rating

i.e
and f0. of nodfish/75 1, box
N
'

‘The 'partial F-ratio velues of pe:fo'nnance ratlngr and “nusber of

codfish per 751b. box: vith actual output rate for different ‘gubjects ‘are

presénted in Table 36. Tt was opserved ‘that apeed ‘o€ ExTlettng had sigatti-.
i

cant positive’ linear relationship with actual output’ rAte of £1llets; once

the effect of size of £sh ofi actual, output rate vag controlled: s:atlstically

p€0.05 (nr subject 4). Tn‘hle 36 aleo.

shoued that once the effect of speed of fiuedng on uctuul ou:,m: ‘rate 1s
’
contrblied, dn'increase in the mumber-of codfish per 75 '1b. box for &

decrease in plzz (lénght)’ of fish}) iciused a slgnificint, decrehse Tn the .\

Lipretal Forati' s the,'Foratio value botween 2 variables. (tnde-

or. 1abi bie:. Refer -
o 1, of this report. s ; : g
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~ actual output rate of fillets (p<0.01 for subjects 1,2 and 4; p<0.05

for subject 3)..
ki B This s:udy (Table 32) also showed that the nature of :he relation-

‘ ship and the sign‘ifl:ant 1¢vEls of speed uf finenng and numbex of

codfish per 75 1K, box with actual nutput rate renmined alncet the éane

when' dependable variable actudl our_puc rate . of filla:s (ibs. [br.) vas T

feplaced by detval »uutput raté of round cod&tsn (1bs, /hr.), in the adove |

multiple linear regression analysis.l = S : s

The: aulpiple 1inear :egresslan analysis usthg dunmy varfables’

for subjects, showed that. t'or ‘this stugg as a v-‘hulg, the speed of Hileting |

(perfox‘mance raclngx) and size (length) of - tounrl codfish h-d signi-. "} L «

ficant positive linear relationskiips with actus nur.pu: raté. (cod £1uets)

AL il g

of the filleting operator (p.<0.001, Table 37). %

Since. both speed of fuleting and slze of Fish are slgnificantly

relgsed'to actual outs ut rate’ ((11_1-:- and mugdnah)..indf ;du.uy, 3

2t " multiple regression analyéis gives a much batter prédiction of actual 5

i i1 . output rate (@aple 32), than ivei by simpla Lnéar analysis (Tables 27

. .0 and28), when Dnly one of .the above independent var{ables’ could be used.?

“The.analysis of muliipke’ should, ore, help

. in' inderstanding the-various factors affecting the work performance. of

the operator.

ihis o becaisd 1n Fish filleting, the dmount oF: miat that et

extracted from'a fish (iie. weight:of filléts). 1s a certain fixed proportion
- of the total weight, of the Tound fish." Therefore, the ratio of actual éutput .
fate of fnlats £o-actual outpur rte of Tound' fish remains almost constant.

o Phis 1a'ndged by the incréasé ‘in’the Value of cosfficient of determination
X .. (R%),when both performance rating and'number of round codfish per 75 1b. box were
i used. together ‘as- in'miltiple regression analysis (Table 32), than when performance *
3 rating or no. of round codfish per 75 ‘lb, box wag-used-alone, ds in. sigple linear -
""" . regression analysis (Tuhles 27 and 28). “Also. refer fontnate "1 of page'il8, of
this, report 3 % i
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ws, B
OBSERVATIONS: : ,’ : <
‘Species: - Cod - ) Date: 12 June, 1974. °
offshore/Inishore: ' Inshore-Trap Place: Witless Bay.
7 s B Fish Plant,-Nfld.
Input Quality:''Grade No. 1, Undressed, T A S
- Presh'- Dy daysiold iced; - ‘Subject 'No.:. 1 .
i 5 ) - < o
: v
- > B
= bian /75 Fillet. Rating. Blood ‘thess v - (mm_Hg) o ;han
Ib. box. (mins. ) Sample, - Before After T wts ./
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significant ‘at'p< 0.01
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Table No.: 21 - -Shows Linear Regression '
. * _“Analysis. Results . *
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3
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T30 86| 6ma | 10627 | ns2 “0.365 | 1857

Cye.

Jiictuall outpor rats (eo - 1 o : P 5. P e
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‘Table No.: p3 .. Shows Linear Regression
3% Analysis 'Results

(9

e 8
R K A

)

-Equation. Used:v.'Y wa¥ A

> B S




50 . S+ aTqeTIRA wnuv.uumun

> = y 10°0 >d 38 Ereie * Seigan b ot SO .E 94T %
SR '$00>a 38 uﬁuﬁu_&am ; 3
g S shrea-l : S
UOTABUTEIDISQ FO IWFOTFIFA~0D RE . S T E?nﬂm u«uanﬂi
J : JUITDTFF2-0). UOFIRTIL0D iy S ‘noTssazBay IwauTT SADUS.
£050°0 | -00°0 '2€070.| T00'0 | 00T werlgr | g [0t |n |
> - - — 1 17 mipeany ) eaeTTEs
#L69%2 | [0n50 SEL'O w€'0- | TS | TTT60T TROLIT | 9:f 8 |5€ of L. o) saEx apdine Tenady
: - ; : - v o ek ’ i
L86'T. |, nSEt0 ) 92070 | 9g-LoT- | on'nrt. | e2rece | L6 [z |
: 2 : £ @nrui)
Ton 0 920" 0 (1010, | 26'2eT | S geT [ H9ESE |- 9 '8 T cc mb..nmaua PooTq ueam m?.a.,
' rassm - = FE; 5 . s (3u/39T) <X) Eﬁd 5
. £62°2 | 96E70 629°0 1278 T6l2T 1 ToeyT | netlet | e | oT| o pe, huE iz ﬁ:ﬂ« 1
8¢6°0 | 210, | oe0 | eros |- zme | sosor: | mwser |0 e [re ] I 3
o . - % Fats 5. (BH Em xupm| o
: : x . H 0. igT - Lt ] /83e2q) - (X).’9anssa1d poo1q 35l
S £ 086°T .| HEEZ0 | g29"0 . WU6L .| - BENTT L 602T | %9°€SE -9 (-8 T unsmwﬂ x 393 a309u WA i
*egero |- €T0%0 wer+o.| ‘goo-o. | ‘ee e {=enTiet | wziret | g | 0T R LA
— - —— - - - ﬁ_tm.:v X), ?um:c. 7
166070 |. 200°0. Tho'c+| geoto: | Li6ct. | 0oscet | tnisor |- 9if @ | £: |- mo POR) B3 andano Tenasv| L.
) e 4 Y : ! i ’
~ = "SA
gle-z |- Gen-0 |, .2s9°0 | 650 0 |’ Ls*leT | 0s ST mm wﬁ L6z :
} : b AR ¥ v BH & ¥
T6870:: LTT 0™ 2HE:O. 9c"0 98°ORT.| 61:89T - :w Mmm L3l N T, CC Mﬁmmﬂuwwa vea.nn Qn.aounhm e 5
: 2 : : ] 2 - b o,
s T pﬁu&@ﬁ,@ﬂ £ (P
B F T X L i Sy - e
. - . uesw 3 | uesm 'y m ) . :
. By i . et ; . ‘
£ 7 b " %
— o S = e .v‘ o P T m L Loy e




B Analysis Results

Equation us"=d: Y =a+b (x)

E * 2 lsy -
¥ o H 8. X mean Y méan s
AL il B R T
R 3 a3 - 4
R[S B8 \varmsie /| vamianie e
| 3 ; 8
Mean heatt rate (¥) (beats/  { 1| & 775.81 112.02 | 87.00 | 0l032 | 0.786 | 0616 | 3i115*
I E T 'min) . = T =
vs. 8- 1R | u6k.13:) 106.27 | b2.78 | -0.137.| o.7ar: | 0usiv | 2.522%
l'.usl Dutp\lt tate (cnd £1sh]] B 2t =
o Gee/ne w0 |8 | 511,70 |-203.96 | 94.18 | 0.019.°| 0.823 | 0.677. | k.ogk**
Systolic blood p‘:i::s;;; @ 8 e 775.81 | 162,19 | 136.20 | 0.0337 | 6:455 % | o.206 | 1.2h9
i ool T | 6r6.ss [zas2.500|-138.73- | 0.02°fi0.670 | 0ckso | 2:302
“Actual aucpuc rata (cud fish) 7 — B 3 2 g
1o (abs/mr) ) 3.1.8]6 46k.13 | 155.00 [ 167.19. | 0.026 [ 0.113. 0.278
2 5 g 4 |08 5u-+0 .137.255 135:91 .| 0.003 "| p.129 0.367
Mean heart Tate x systolic - . 3 b 3 .
] biood pressure ® (bea"/ 1| 8|6 775.81 | “18209 71_1_278 .8.93 0.70% . ] 0.496 | 2:%29
fmin x z)v N 3.| 8.[6..] 464,13 | 16503 |'7908 | 18,52 |.0.k05 0,164 | 1.085
e s, - - -
‘Actual output: rate (cad fm.) . o i A o
X Qve/bo); 4|10 |8 511.70 | 14301 | 12830 2.87 .| 0.636 o knh 30"
LEE_WM Tineer Regression 3 ‘Carrern*‘c‘a ot o-e‘!ﬁci‘en‘t‘_

cs—efficima of Deterninatfon

T-v:

Significant af $<0,05
Significant at p<0.01
Independent var
Dependent variable
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A

ik ¢ e et ~ )
2 i i : a
1 o &N A
T 5L 35 xmeen | romean N .
- s168 oy, « e . R :
it e ey K E ) I '
: 3|55 |5F Nanmsa)[Cvamang :
True médn blood pressure (P3| L | 8 6:| 775,81 126.58. | 120.58 02007 |0.290 °-'| 0.08%_ | 0.7k3
S DY Y 676.33 | T14.k6 [108.6 | 0:009 [40.588 | 0.3u6 | 1.925
“Ys. 5 = A AT c .
‘ottput: rate (md Frony 3 8 ‘6 46413 |- 209.11-| 62.00 0.101 0.652." .| 0.425 | 2,106
?x) (uam-) - - — —
, 100.62 |-100.3 0.001 0.0u1 -4 0.602 | 0.129
‘Mean heart €¥) - (beats/ g =% 5 P 3
sl "‘fd {heoes C1iziez |a78.3 -0.637 | 0.700° |-3.749™
oy L 2 g 106.21':_ 89.01 “1ouorr | 0.tk
IR e g - ; -
No. of \cod mns 1b.box (X) 1103.96 | 11k4.2° “.0.386 |-2:b23®
‘$yatolic. blbad press\\te m. 1] 162.19 |185.1 0.006 | -0:399
- “(um.Hg) PR L 5 O] S I
g 2|9 73378 152:50 | 157.6° |'-0.15".-|-0.109"" | 0.012-|-0.290
No. of cod E1sh/75. 1. box (1) 3186 ‘hé,sz 155.0:/| 146:32 | -0.190 - . 0117 9.01h 0.288
o : g 4 Lio 137.45 | (137.1k 0:009- - |:0.019 "+ | 0,0004 o.ofs- y

Table No.: 25}

a b (x)

‘Equation. Uged n

Showo Ltsicar. negznuuen <
Analysis Results

.‘Correlation Co-efficient
Co-efficient of Determinatfon.
T-value i
Significant ‘at P< 0.05
significant at p< 0,01 -
_Independént varieble
Dependent variable’ - .




cEgh B8 .
v S b (3R % meen |- v hean & o o2 o
: VEsleSleid, - N e JEEE G B |3 R z
; 22 ¥ v .

: B e A T R R & -
Mean’ heart Tate x systolic - et a7 ' | 16208 ° T S S o 1.616 :
51604 pregoute m {haats/ 1] 8. 6 |-2k.87 " | 18209 31735 —[<543.8 0.551 | 0.303 1.61

. [min x wm.Hg) - T 5 S P : N

R 8 | 6 .| 46.62. | 16503 12829 - |-78.80 0.246 | 0.061 0.621
..of df"._ K g 3 — T e
o nEid: s TS Lo b, hoo |8 ;[ abso |ausor ‘| as63e "|-38.58. |-0.af |o.amk |-1.e97

< butput xate (cod ° . : 1T 7k 51 Togo@) [ b R . 22 e
2111 ) (i Ta'ls. | 6. [Forin® [logio(n | 2egto(@)|: |
[Nog Ets) ( ] { bm'r) LI s (1,300 2.508 4839 |=1.67 =0.005 | 0.819 |-5.2167] -
Inz.near Form. 3 = S & ] & . GRS -

: . . e "3 -0.9% - |20.713. . -2, '

Jrogyoe0 & 1nsm<a) 4o 1m0 2 49 [.7-]1.526. | 2.350 3.783 079_ 0-m3; | o 508 | -2.686

S we s e s s |2ass | 3.0k |sog |doess foeen [sees” |74
No. of cod £18h/75. 1blhn‘x‘(x) ) : ‘ - - o s

. ! 3 b o, |8 |i1.b99 " |2.228 . [.3.405:. |<0.78] -0.973 {-0.9%6 |-11.943
s (’1‘»“'/’{"3“ rate (cod f}ato 1|8 6 ) 2,548 | 5343 -1.796. | -0.905 [ o819 | -5t

-} Nor-Linear] Y = a(x)® 5 TR = S 2
In'Linear Form 2 |9 |7 |.1.526 "|2.77k 4.369 [-1.0867 |-0.670 . | 0.Mkg - |-2.389" 4
logig(x) = 1wgm(a>+b zngm(x) : - — :

e i 358 |6 | 1.666 : | 2.638 3,124 ~0.605 | 0,366 [-1.859 -
“of cod £1on/75 15, box <§o D o J e | 2 |26 | siee0 c0.963. | o.27 |-20.083% L
| 'Tabie No.? 26 *. . Shows Linea¥ Mgrusion .“Cortelation Comefficient i
f R e ‘Analysis Rasul:u N Co-efficient of Determination
<  “Fvalue 5
s : » Significant d P£0.05 = g
Fuuxtio Used: ¥ = a + 7, (X) Significant at p&0.01 . g ¥
nénd ¥ =.a(®® ,Independent variable ™\
i.c. In Linear ch 1agm(‘IT= 1ogM»€u) ' b 1ogm(x) De?epdent varisble :




(e R “é 55 Xomean'| ‘Ymean| ° i i 2
2 i AP g -
R Oy e by (oepenoent) | % B L % z
K] 3 &E mmm Vamiang, *
) viela (\mdressed ieody gl ‘87l6 |.107.83 | us.15" |- {0267 [ -0:699 /| o.u88 |52.395"
on £iller) (1) (@) ’ g T = :
k % A 27|97 70|10k | 3TiT2 20,08 ~0.825- | 0.680 |-3.86™* | i
B VB T e - - - ——— :
; £ Peiformnsd rarthg () (2) < | 3| 8|6 | 106.69 36,08 | ‘u7i2- | =00027 | 20.561 | 0.315 [-1.659
i g ' = = 7 - -
Fe H 'l» o |8 100,29 '37.06 434 —0‘_06_‘ =0.64 0.409 * |-2.34* /
¥ield (undtensed cod, skin-" | ‘1-[8 |6 |2u.g7 | usks | doisr | o.eec | o202 | 0.005 | 0.7
on £illet) (1 () - Gk L s - S 5
[N e 2:f 9if7 | 3378 | 31,72 | 30.05 |0k 0,551 | 0.203 |'1.337
No. of cod £4sh/75 1b.box (X)| -3 8|6, -Lé.se_ 36.08 uh.ag: -0».1'{5 o069l 0.182 |-2.359
‘20| 8 | aniso | ar.06” | 35.56 [ 0w {.0.362 | 0.3 | 1.097
Actual Gutput. rate (cod %8| 6 | w0783 | 353,68 [ a3k 0.53 | 0.285 | 1.546
iiue:s) (). (lhs/hr) E , TIF 7 =
—— 4 7| 130:kk | 1253729 | -229 4,374 [ 0.903:| 0.815 | 5.550** :
Perfc}mnce ratiig .(X) (%) . 816 106.69 |- 167.41 70.1 0.91 " 0.527 D.277. 1.509 N
: E iy 4 11018 ]200.29 | :187.2% | -189 3.75 .| 0.687 | o.u19 | 2.l00*
Tible Now:'27. . Shows Linear Regression Correlation Co-efficient
:: ¥ P “Analysis Results Ca—ufﬂ.cieﬂt nf Determination
: s . T-value
2 e - Significant at 2<0.05 =
Equation Used: ¥ = a+b (X)- sigaificant -at p< 0.0l 2
e . ; Tndependent varisble
: 5 Dependent varisble
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> % = g
3 T 4 : . Wk
g : % ;g Moan ¢+ . =
¥ 8. 58 - b % ¢
s e R 1) -5; ¥y | Sk el R%‘ 5 f(xl) “(x2)
E True mean blndd:p{:éx\;s HCO R Y I -?, 112658 107.8; 2487, [16.02"|0.568 0,778 0.7620.581 | 3,466 |6.599- |1.286
Vs.. Gos B % [14:46110.41)33.78"[108.9 10,104 '|-0.17§ 0.583]0:339. | 1.546 [2.157 [0.623
g T R
o ; i R 3
., “;1) °. L S £ 109'13306169/16.62 [60.09:[0.827 |-0:845 0.765]0.585 | 3.535 6.972 [3.953
e | 2 f100.64 100.2003% .50 |93.66 [0.055 [0.0k1.| 0.28%{0.081 | 0:308 fos588 Jo.223|"
2 ' i - . - i ¥
Vean Heart. rate x-trie mean 2 Juags | 107.8525.87 5346 [120:21}165.36 0.922[0%851 i L3932,
1 blood pressure (z)  (beats/ - B i . . Sl s PamleT
s : v 3] 82 fuueio| 106.69u6:62 | -2657 |107.00l 10064 0837|6700 | 5.838 |12, 370] 3380

nrfamuce ratig

ix No: of cod fl!h;ﬁ 1550 {10 10163 | 100.2g 3k .50 | 7289 [35.29 |-10.59] 0.853|0:728 9.383 [12.163] 0. 70

7| Yield .(undressed cod, akin-— a] 8 45.75 iDTAEE 24.87,| 65.59 |-0.172]-0%052| 0701 o.lh91 2.421 [4.071 {0.037}

on. ﬂuezs) (1.

5 T R i |
|37:72116,L4|33.78 k242 |-0.076| 0.110 | 0.899/0.808 12.6§6 18.906| 4. 00k

Vs.

Perfornance Tating (X

g [eapro | ey [wapro fino.

3 . 3 -
5 ) 1 s -0.033]-0.1k ol
e o i nd nshﬁg lb box 308 36.08 {10 46.62 k6,27 [-0.033] 0, 1k4) a:ro_s 0.498:p.483 |0.171 [1.834
) T e -
5 4110 37.06, 34.50142.46, [~0.059{0:01h | 0.646] 0417} 2250k |3.83k j0.127
R RS o x .. . By : Multiple:Correlation Co-efficient
Table Nok 31 - Shows‘Mdltiple Linear Regression. . F 1" Multiple 'F-rafio’. value..
i - Ahmlysis Results £(X1) ¢ Partial 'F-ratio!. Effect.of X; on Y
& i 8 ' £(X3) Pertiel 'F-ratio'. Effect;of Xp ‘on X

: Tndependent varisbles
: Dependent varieble
: S)@lfxcaz\t st p<0.05

.01 °

Bquetion Used.: Y= a+B(X;) + e(Xp)
A R 5 SERLs 2“{:‘3-e¥ff‘fenn of determination

ot S5

"SST,
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R s Mean Heart Rate (H/R x S4)
°3 (beats/min) | (beats/min x m. Hg)
Yy 'fz'z Dependent Variable Dependent Variable
& nce No.of codfish Performance fio.of codfish
[Variable — g‘g Rating (%) /75 n,‘ box | Rating (Z) |/75 1b. ‘box| &

“fsub. Mo A 1/5) s.653% | 10,1234 Jy r-890Rk il 0isOs [ - )

L Cve) (v o (e
i sub. Nou 4175 s.eaon | o822 | iiaie 0:100 |~ iy
L) Gve)| T (hve Ghved i (rve] ¥ ;

Subi No.-4|'1/7| 19.812%k ] . 3.422¢ m.zsﬂ'? ‘0. oua S

; (hve) e (el N .

fable 33, Shows 'Partial F-ratio'd ‘alues of ‘performancs. rating
. "and number of codfish/75 1b. ‘box with méan heart rate

1

..} ‘and ‘product:of mean heart rate and systolic’blood
¥ . % pressure for subjectsl, 3 and 4. Refer Table 30;

*significant at pe 0,10 p
** " ¥
g Significant” &t p< 0.01
Ll /-“H/R: Mean heart rate ~

3 8,1 systolic blood prea-ur'e

: w J%8" | systolic Blod Pressure (mm. Hg)
b a8 (n yendam'. Variable)
e84
~ LA No. of codtiuh/
; | Varsable -] % 7| Rating (1) -75
Sib. No. 1 1 Qo.gsokk At 2212
i gL 1/5 19.940 Cins) 2 (L_
Sub."Nol. 2 - 1/6 | 10,6508
" B Subi M3 | 15 0-083 - Ly i :

il wl Sub: Nos 4 . | 1/7 e 12 555** wf 235207577 o
1 } ‘ x [CaON W (hve)

St Tnble 34, “Shows 'Partial. ?ylrntio valies of performance rating .
2 and number of cof fish/75 1b, box with systolic blood
pressure for subjects 1, 2,'3 and 4. Refer:Table 30. .
é z’!meinu positive linear Yelg:hnship exlsted between 1nden‘nd2nt and:

s
5 . 'depen

. 3 de""‘ fr) fri:aibjle%-x tio' 'is the 'P-ratio’ vnlue baw“h 2 varisbles
i o y ‘for -the effects.

5 of one’ or moré lddi.:ivmu.l i.ndepemlenr_ vaxgﬁhxea on. the dependam: yarieble
! R.efet Pe'113; -of ‘this s port 3

"~ means n?ative linear relationship existed bétween independent: andi




= . ;
ik Yield (undressed cod, skin-on fillets)
i ﬁgu (Dependent Variable) (%)
mependanc % 527" perfornance No. of codfish/
Variable: —* |& >Rating (1) 7
Sub: Wo.'1 . is Gony . c 0:037
. ! - {-ve) (tye)?
“ Sub. No..2 -1/3Y 18.906%*% 4,004%
: g ve)o| - o (o)
Sub, No. 3 /5 0,171 L83k v
- - (-ve)
fsub. No. & [e1/7 s 0,127
S (tve)
. Table 35.. Shows 'vm:m T-datto!> vilués of performance rating

s

and nuab

ex ‘of codfish/75 b, box with percentage yield,

H (uudmaed cod, skin-on. filiets), subjects 12,3 and’
4. Refer Table 31. .
g , sxmifieantin: P 0,10
5 N *éignincan: at p& 0,01
. ; ) R
|8 4 | Actuar ouqm: Rate (undressed cod fille
890 Dependent Variable: (fhs:/4us)-
it o )
1ndepmd¢nc 5 EE Perfomnce No. .of codfish,
Vuri@b;le — || &% L Rating (2) * ! 75,1b. box -\
¢ Subs, Mo 1 1/5 0.301. 18,6544+
4 - (e
Sub. No. 2. | 1/6 102, 21%% 1 g0, 100k -
£ o 2 (e ). L - (=ve)
. ¥ ks - i D4k N
Subi N n 1/5 .17.an Cive) 12,024 (ve)
T 3 % ;
% * k.
| sub. Nou & 1y 8.762% () ey 56,0454, - ]
— i - -
Table’ 36

and lq.

depm)daui
% 4vE) medin
!-dependent variables,

Refer'T:

le 32,

Shows - 'Pu:ul F-ratio! vnlues of performarice ncing
m n:m T of wdﬁsh/75 1b, box.with actual output
od fillets) Eor subjects l, 2 3

(v"inmana ne&ltlve unux zelsuunshiy exiar.ed etvies sndepsnm: and

hip existed beteen h\depandent and




. ol Pooled Analysish
" Tverall Fartial Pverall 2 -
Parameter H 'F-ratio' valie lcorralation| Overall [¥3
:‘.f No.of cod{Coefficient| 'F-ratio’ (§.s
ety | o7 W Gy | Valie |
Mean Heart Rate g Lot ‘8t
hente o) g 17253 | 3.200 ousseg /| 67327 [\81.
: ) (+ve) (=ve); ‘
[ystolic Blood Pressure  jpl 1985344 | “1:384 || “0.8972 | -8.6255 |1l
. 1g) & RE S 3
: ~Cove) (v
'Mean Heart Rate ¥ ", 3 !
Kyotolic Blood Pressure [I/19]" 16:251%% | 0,064 0.9237." | 12.3637. |_§|
(baats/min x mn. Hg) 8 B v
o (tve) (v
* frrue Mean Blood s
Presouke l/26) 5.312% | ..0.109 0.9596 | 24.3048 | 11|
3 : 23
(o Be (o) (v
Mean Heart Rate x True - .
fean Blood Pressure) ~ [1/19] 12.760% | 1851\ . 0.9620 | 26.3935 | 8|
(beats/min x m. Hg) - . : T
; (+va) (e
Wctual Output Rate o T :
(cod £111ets) lL/26| 37:250% | 47,6180k [l - 0.9801" | 50:9145 |11}
S - 23
(1bs. /! T ) (e P i x
1e1d (2)' (undressed . o 5 : i
e reeay . 26| 13.713% | 0,078 0.9689 |, 32:0785 |11
A _ ve) | Gve)|| o .

. Table 37.

Sumary - l{ultipla regression .lnalysis, \sing dumy ‘variables.
Shows .'0verall Partial F-ratio'¥ value of performance rating
and, nusber of codfish/75 1b. box. (effect of subject is con-
trolled in both cases) with different parameters:
Overall Correlation Coefficient and 'Overall: F-ratio Value®

b & fox each parameter. Refer Axpendix B, Table B-5

*Significant: at 240.05

*significant at p<0.01

Also shows

“vmg ‘multiple: regres#ion siglysis with dumy, variables, Tt was poseiblc
to pool'all four distinet blocks of data, from four different subjécts

one grouj

pi 120,

2
“and d:pandent variables for. the pooled analysis:

this Teport.

2 (+ve) mieasis positive Linear relationship, extsted berveen !ndnpend:nt

(-ve) u!eans neytlve lineﬂr rela[’.bnshi
b existed betyeen ind
and, dependeuc varldbles. for the pooled analysis. Ependm

4.

Refer cnapm— 4 p. 121} 6f this report: .

R SRR .




Mean heart rate (béats/minute)

160.

¢ .Performance Tating. (%) -t

Fig. 18, Mean heart rate as a function of pérformance rating. s
MEAN Total: |No. of |Degree |Corre-'|.: i
Subject Exve(—'rt Perfor- |Round | Exper- [of ‘lation”|Sigaif-
No, ' |ience Iheart |mance - |Codfish | iments’ |freedom | Cosffi-|icant -
{ |rate . |rate [rating '{cur “ | cient |Level’
yearsiBeass/ oy ey | Jan |Lwo|
1% 10 112,02 [107.83 | 600 816 0.759 [p20.05
3.0 |- 2o Jl06.27" |106.69 |- 600 6. |0.716 p20.05
(1 “1.. [103:96 {200.29-|° 750 10 8 0:875 o001 |
Notcs " cach of. the numberé 1,2,3.:. £

graph, -refers ‘to a -paxticular cxperiment,

.étc., in’ the above

1Haarc rate fot subject 2 cofild not be recorded
i pmeni

fallure of hear
recording equ s iof hiast




175

170

Systolic blood pressure’ (um Hg)

161.

| S
947 1007+ 106, 112

! Pexfornance’ rating ()

graph, refots to a pnmcuxax cxpmm.:.

Tg, 19, Systolic blood pressure as a function of performance fating .
h - MEAN Total " [ o, of | pegree Lo
- subject \Exper-  [Systolic | Perfor- |Round ** | Exper- |of. 1 94 guid £~
No.. -|ience. |blood . |mance’ -|cogfish | iments | freedomn | Coeffi-|icant i f *
2 L rating jour . . . % | ctent.. [Level :
(yenr)|Gm ) | 7@ {avsy o ey |
T 10 162.19" 107,.&3' /600 ‘8 6 ..| 0.847 pe00r’
PNl 4 115250 {10 | 635 9. 7
30 3| 155,00 [i0s.69 | 600 7] ‘8 ] 36
RS i B YA 199.29 5750 i 10 £ 8
Not: each of the nusbers 1,2,3 s,y ee aovs |

it




. Note: “each of the numbers 1,2;3

(B/R)- % systolic. blood pressure (S,)

(beats/min’ X mm Hg) .

Mean heart rat;
(ih thousands.

fig. 20 Mean heait rate X systolic blood pressure
 systolic bl

performgiice ‘ratin;

R

106

' Perfromance rating (%)

as a function Of

No.. of

Corre-

- graph; ‘refers-to’a parti

VEAN ;
Total Degree
Exper= [(H/R x " [Rerfor-Jpoina Expér- ,,fg‘ - 7| 1ation
ience .| Sj) ' |mence . |eoirich|'iments’|freedom | Coeffi-
: Fating” fee e clent
1t 8 3 T i & % i
(?f“fﬂ)mﬁ‘n:év yerdarsy owd et im |
- : KA PP Fsa T 77 [
10X 10 | 18209 *|107.837 600 8 6. 0,947 |p<bioL
o [t B £ e S
1370 |°" 2 |16s03 |106.69 - Jo.s503 " |"EL0e
TR 143015 {100.20. -{0.980" |p 20,01




2)

Mean heart Tate (H/R).x trie méan blood pressure (T.M:B.P

“.(in. théusands) (beats/min:x mw Hg)

Mean Héart rate x true.

Fig. 21
N - of performance rating.-

Total " [ No."of |Degrie | Corrent:

7 subject | Exper Round | Exper- |of Tation |Signif-| "
dence, Codfish | iments | freedom | Coeffi-|icant™ |
: s 3 2 Cut . . ; clent | [Level '}/
2 B ? [(Beats/ TR R 1 ]
s . (years)| mi: : -2y ]
2 % & uin x, @), @bsayt | (), (N 2) (R :
oy ioxof 10, | 14198-7|107:83 8 0:881. ' 20.01
3.0 11619 . |106.69 4 v |0i70s e 0.0
: 10463_|100:29 A7 8 o.836 - Jpei0.0n |

Mstus. “edch of the nusbiers 12,3, setel; 4n ths atovel |1
graph, Tefers to'a patticular exp:xr{men:




Mean heart rate,(beats/min.)’

Ui MO Cib e, ol b G e i g
200 JOD %00 300, 600" 700 800 - 909~ 1000 _1100. 12

. Ac uul uutp\n: t.!te (undlesagd cod flsl\) (1bs / hr, )

Fig: 22. Héan heatt rateas g ifunckion of actusl gueght Fate ’ -
+ " (undressed: cod fish) e PN 5

~“ " N -

% it ngh i
X ok § ) " » . | “.
o R ﬁM____-rpnx‘ No. 6f | Degred '|.coxre~|" /.2
& Subjeet | Exper— | Mean’ tual {Round” | Exper—[of Aation |Signif-
| wo..» |femce | heart. foutput Jcogfigh | iments |freedom | Coeffi-|icant ™
.| rate.” |rate ut e R i &
s Beats/ | (1bs. ey -
5 (yea;n)(m) 4 < )m/ (ws:) | i

T X8 112,02 | 775:81 | - 600 6 p£0.05 -
30 - l106.27 |a6a.13 | ve00 | e e b oios:
4 A'. 103 96: 511.70 bTAK: B 0.823" |sz0.00 {75

Note': .,.m. oftio pupbers 12,3, erels, n the abnve
| graph, fefers. to a.particilar experiment
leare rate, £of subject 2 )

T.cﬂrdlu jui pmen!
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0 . 100

150 200 2507300 350
Actual nutpuc rate (eod Eillats) (lbs./ht.

¥ 8 " | Degree. |-Corre:
. |Subject | Exper~’ of ' | lation
No. ' |dience freedon | Coeffi-
y Tate g B cient
TF (Beats/ . [ (1bs.7 S
“(yeaxs) iy hr.)t | (abs.). () €] (N-2)" |- (R);
1% |10 fauzier | as3.ek
-2 1106.27 | 167.41
1- {108 96 18724

i each of tHe Husters 1,2,3"

: g;aw, ref

ers to’

pnrticular :xl;oriment
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-
o

e

Nean heart race YH/R). x systolié blood préssure (5,)

(n thousands) (beats/mif. x mm Hg).

7900 1000 1100
(mcizeased cod '#ah) (1bs- /he?)

Figi 24, Mear heatt.tate x: aystslic blood pressure«as s Eunccim of
: i iactual uu:pu: ‘rdte (undressed cod " fig] h)

R s:ib)ec: Expel- sig,u_
No. dencs; *|icant

Leval

(y,ear's

18209 | .775.81] g 0. fgb P2 0.05
16503 | “464.13| 600 |..'8 : |6 405" 7"-’2.«7." :

asor | sir.70] 750

each®of the' funbers 1,2,3.:..etet, ‘tn the above
graph, refers ‘to a particular experiment.: :




. Fig. 25, .

167.4

Mean heart rate (beats/min.)

Mean ‘heart

" Mg, € end e (imdi-eésed)/nm. Box -

v

rate’3s a function-of musber of cod f1sh . 7i T
(mdressed) ver 75 lh Do ,
it h MEAN . l7otal. | No: of Degee Carre- ’
Subject |Exper® . Mean - Yo ¥ und | Exper— lation |Signif-
‘No. . |fence [heart ) LXeh/75 looaeich | tments _fmeaom Coe££i-|ioRgt
5N : i - elent . [Level.
% |(vdazs) Beace o e
HE i : - P G
112,02 | 24.87 <8 6 ~0.837" |p<0.01
SR | - - o
106:27 | 46.62| 600 8 6. ' | 0.277
A e : = -
103 96 34,50 | 750 - .10 8 -0.621




)" (%),

Yield (mdréssed'cod, skin-on Fillets:

so—

gl

e

g

0 TeA B B8 94 100 1067 1iZ° T -
e Tl NORMAL, k
55 Performnce ‘myy/
¥feld as a function of performm ing. i

e Y . MEAN Total |MNo. of"
Subject |Exper==[ - [po g0y |Round | Extper :
NG, © | iemce Yield, mance)‘" dfish | fments cant -,
. i rating x: ] . Level *
(years)| @ absy - ® N i
107.83 | -600° <[ -8 p£0.051 "
110.44 | 675 . | 9 %)
106%9 | 600 | 8 | .
1 750 | 20

graphy re

' gach of:the mumbers 1,2,3.5..etel, in the above - °
K fefers to a parcicular-experiment,
=5 W : i




T EiareT
e

drotal”
£ [Round i

“ﬂ‘d 1o 'box ‘cﬁgf?“'
Sy [/ s
is.7s - |2/87 | e0n”
e | [ ens




" Fig. 28.

Mean, heart “Fat

B4
flerd (undxesaed (:J.)d skin‘on fﬂleu) (z)

35 ze %o 4z W

as func:i_o;n o Yiel

Subject,
NG

Expéz-
fence |

No.70E]

-Dagree *, G
P £

Total

i,

Codfish:| imens::{ freedon
Cut. "’ ; .

(yeaxrs) VT

(15s:)

[45 .75

]‘so&‘? i

7 36’. 09




‘Actual output-rate (cod fillets). (lbs./hr.)

o

9, Actiual output Tate:(cod'fillets]
! ratdng. T L

! +*1-+NORMAL; -
5 kg : Performnce rating. (%)

106, 1187, A%

),as a function'of performance -

{53
No,

ect: | Exper [Accyal . | Porfor-
dence’ - jgutput -, | mance:
i |rate .- *|Tating

SigiiE=
| 1cant
Level

refers to-a p

(yeazs) Tnnrd . & 1
1K 10" |353.64 £0.20' |
2 vl E T fas3iae b<0.0L
3 \0 2.1 p<0.207]
B s <005
" Note:: “each of the numbers 1,2,3




B 4 # 172,

tfate (undressed cod £ish) (Ibs./hE.)

Actual outp:

9 L L T8 126 1300 -

Performmnee r.uing &)

W MR R : ;
B BR | pegree’ | coxre- -
soper BCERT [PSTEE [ioma * oot Jol" | ik
ience; Al Codfish | ipents [freedon | Coeffi-.
i jrate ) Fating [9RHSR | Apents | | edent &
- S (€TI0 A DI W =
Amearstpgl |Gy ® b

775.81'| 107.83 | 3¢
676:33 | 110647
] | 46413 | 106169

}sai70 |

0:601 | p £0.10|

Josgos [pro.on| o

0.748" | p 20.08] *: 3
P(b.ﬂs

100.29 |




450] -

¢ 400)

<
S

300)

(Actual output rate (cod fillets) (1bs./ht.)

+ 250}

3L,

outgut l:‘al‘_ﬁ (cod f!lle:n)

cnd fLsh/?

Nusber 5f;cod *ish (mdrassed)/75 ib bo &

ai. & Funicttoniof usber of

o { Eaper-

tence e

Tate

Total

Rouns
Codfish
Cut >

{¥o. ‘of

Exper~
iments

pegree

freedom

[stenis=
icant. .
Level

{rease)

1bs./"

(N— 2)
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" Nunber, of cod F1sh (undFessed) per 75 b, bos

o . . ;
ig. 32.~ Normal output rate.(cod fillets) as.a.funcgion’
of number-'of cod fish" (undressed). per;75 1b. box.:

* eab¥of the Humbérs'l, 2, 3.%.... efe., in the

. . ) abové graph, refers to.a particilar experiment, e
Bper-a.  MEAN ocal, | eef gt go | e lf
5 | : S e
) logaran g (o Teodz oh T ;
[Fistbs)lput raveh Gt | 1 i Lebel,

<0.713

~0.835 ]
- =0.973 |




5.

SUMMARY AND CONCLUSTONS

)

Discussion and-Conclusions

: Wo:kers in industry on npetltive‘ tasks are nmully free to

- work at thetr own natural pace. . However, in “any. hmmes of repett-

g tive :asks. operators’ are not free to vnrk at their om pace, but say

2 be whjac:ad to some kind of speed :emm‘
to pressum of intense supervisi

oy work; requltemen:s of an 1nuntlv: systen, or they may have to,

{ wurkLus

They u-y be s\lbjenced

B demnds of wn'zk collesgues and

’wark under eraed mzncunn of a conwyor bel\: oT a muhinm Operators

- working ‘under Such speed m:ricums aré vetued’ as hging ue[ Thnuxh

b opaﬂ:urs working under such tnu of paced, work would foxmally give.

highu Qutputa; they may achieve" this at'the expsnse of bigher phyno-

logictal stress. ‘ g - .~

Pare of the objective of this® ntudy wés to ebaetve the rela:

cLoniips betvesn Wbtk performance. (specd oF ﬁlleting and ‘actusl ouqm:

rute) md, th= phys!.q}ogiul psrmutlrﬂ Buch” lﬂ mean hutr rat 3. blnm‘l

_ute nnd the. product of mean heart ate and blond \are!suu, of 't

fill:ting npzrn:er. vorking"in a fish ptm:easi.ng plan ulvgte “the, ;_




asked’ to vork. at’ the iollwl‘ng five different wprk paces:

Y Opem:ar s ‘own pace Of Eiu.eting (z experiments)-

b) Faster thun cha npe:ator L] pace nf filleting (1 o 2 experimgl\cs)

) 'Fmem\g for maxinum yteld @ experh!m'-s)

d). " Fastest. speed at hich the operator can safely work (1 cc z experinents)

'-e) o Slwer :han :he d‘peratut $ .owml pace “of filleting (1 t 2 experlments)

: e)qwr!.mex\za “in . total, on an 1nd1v1dual type filleting table " lnyout. £ -
‘For each exp!!':lmnt, the m\dressed" codmh were Supplied to-the bperamr Wi

. in 75 u’. f1ah boxes. nme ‘taken by tﬁe Bubjects to filleq 5B i

\
round codﬂsh boxn varied from 4 to 19.30 minutés. The numbm; -Of codfish

! pér 75.1b. box varled fm uA ‘to 56. Ruring ‘thlg athdy, the experi

_menm controls suchi as work Layout, séthod ‘of filleting, the'height

f of e workplace; :ype of aut, 1nput quéli€y of codfish, etc., were |

ke‘;: the same for alt the mbjem.. 2 KRR B 398 W i
L e oF the pr\gvxm work relating to Wik perfomance and- -

physiclcsiul memucemenn of " the human 0perntnt has kten carried out

Lehmam (1953), F\sj.nbetg‘ E (1958) Eevegutd (usa), ’Pimay, mcu




This study has shwn sxgnifuant inear posltive rdnr.xonahips

betvem spud of ﬂlletlng ‘ind ‘the’ mésm h art rate fc: all'the sub_qec:u‘

(L:ortelal:ian :asffir.-len: Ky =0, 759, y<0 DS, Ly, 710 940.0

=0: &75, p<0.01 - Table 2D)2 Ttivas “alsp” nhs:rved that' an, fncrease’

in, .peed of, tummg causés: a ngniﬁcmt Inbrawie 1n. the' .sysl:cli: 5 '

i e
fn e i blead preesute ‘of the' operator (Subgect 1 p<0 01; ubject 2, pel e

" subdect & p<0 05

Table 21). 'No slgnifiun:

nlannhip wad L

obaerved betveen .sheed: of filleting and T. HJ B (trua mean blood‘

R pl‘ess\lre') valdes. for. any ot :‘he four snbjec\:s (Table 33y, Therefpte, :

8 Ent wotking wndi:!.ms in’ lhe fish plmu, mean heut ﬂte

‘and systclic blsod ptessm (S, y Gould be cmmidererl as’ ind A‘tcm of

=)
enetgy expe_ndirute ot physlnlagicll Load on the flllatlng opem:o:

ing opar&mr (Tah].g 33, .34 and 37) " 5] 3

3 1near: rate or aubj;t:t: 2 co
wste rédording elex odes.




¥

-

Faoy

This stuly has also shown significant linear relationship between

“

actual output Tate of fillets (1bs./hr. 3 and mean heart rate for all the
sub;ec:sl(correlamon caeff;cun: 'Ry = 0.778, p<0.05; Ry = 0.604,
p<0.10; ®, = 0.818, p20:01 -~ Table 22) 2 It was obsérved that i
fncrease in actual output rate of cod fillets was asgociated with an
increace in the mean heart rate. u?‘:he £11leting npexatox. Hwever, no

sisighificant xelnunnshxp vas ubsetved bétueen nmm output rate ‘of ﬁueu

and “blood pressured (B/B)-for all tif Four subjects (Table 23y, 1: was also

noted. (Tables 22 to 25) that relauunshsps obtatned betuben nztual output.

“rate of Tound codfish and mean héart iate’ and blood pressure of the operater
were’ almost thE same as those obr.ained hetueel\ ant\lﬂl D\Itput mte of .cod
fillets and mean heart rate ‘and’ blood presgure of the operhfor. This is
because in fish filleting, the amount of meat that could be ‘extrgcted from -
a fioh (.. weight of fillets) is a “certain fixed .pmpnn:iun ofthe total
weight of ‘the round fish. Therefnre Sne ratio of actual mltpn. m:e af
' fillets to actual output rate uf round ek reasing almost constant.
In this investigati.on, the product of mean heart rate (#/R) and
blood pressure® (s/p), e, (u/v. x n/p) was al!o used to represent the
 physiological load on the opgraf.or. Feinbeig, H (1958) and De Vries anid "
Ada 972) had suggested l:hat cardiac effort, represented 'by‘i:hg 1
profuct of mean heart rate and blood pressure, could be used as an
indicator of work required Gf miscleé tissue, 1se., work output rate.
The, results from this ‘study have shoun significant positive linear

relationghips betwesn speed a: fillgting and (H/R x B/P) and also -

between actual output rate (£illets as well as- fish) gmi AH/R x B/P)

for subject 1 and’subject 4 (Tables 21 .to 24). However, no signiﬁ.l:mt

: eart rate for subject no. 2 caum'nur. Pe recorded. —- failure of heart
rate recording electfodes. "

Ry, Ry.and M are wr(elatinn‘:uefficiencs be;veen. actual ‘output rate
of fillets and mean heart rate for subjecz mno. 1, subject’no: 3 :and subject noi &

respectively. ¥
* 3poen systolic blood’ pressure (sA) and true méan bload pressure (7.1,

5 . "nmx.




huntd md wet. The general vork Layoute and methods. of brocessing are

zela[lonships could-be obaerved ‘be:vean sbové paraneters for subject ‘3.
It wis noted that the above velationships were more amm:m than

those observed betweén work perfortance (speed of £illeting and actusl
output’ rite) and blood obbawsse (/RY of ‘the Sperator (tables Heosy .. -

. but ‘were’ not' as significant as observed between vork. perinnmnce and*

mean ‘heart rate of the: perator: (Tables_ A '22 and 24), . vhich cass

slgnificanz reaﬁlts were om;nnea for; all the meu 7 Themfnre,

under the preaem: wnﬂdng l:ondibions in fish plmta, of ail the thxae 4

“ fhydtological pnrmtern (m heurt rate (u/x) blood pre e (s/y),

and product of mm hear&tn&:\e and blood preuure), meqn leart rate

nould pigbably be cons as.the-best o

o e
the physlnlcglcal Load oo the filleting opetnr.or o mmﬂng it to

work *perfornance. -

The.sarking conditions in the flshgmts are observedsto be

- poor when mmp-red to o{:her typea of 2 t ing ‘and’ fond 3

industty The human operator works:1n an ‘environment. “hich 1s co1dy

: mn: 80 efﬂclmt.- The present design of ok ayoge ‘and vmxkplace

helgbt in ﬂ.sh ;qu\lstry hls been mlntlined conltlnt for’ fuleting ei

all types of ‘species and for all stzes of fish.'Insuch ' nitutim,

tall o‘perﬂtnrs have been ohlerved o stoop down vhereas, ahart peraon.s vy

-are ohserved to ratse thetr uppet arms during the Eﬂleting npetntion.
The ope:um;s dre aiss u\lbjected to ‘pressizes from Baiagenent dnd

certlin ruquiramtn from mcenzive schenes to fﬂlac at lnxim npesd

and ‘also for mximlm yidld. Since this study has showa umﬂm:

positive relar.i.nnuhlpn b:men mk ys:forﬁnu (perfnrmm:e rating: md

actual outpit raté) and phyulnluslnll parameters (nean heart rate,

hlnod_pre_nanre, etn.), 1t71s possible that the mm;at mdﬂr preaent"




. nbserved bemem pez:em:uge yield und apezamr s mean: heart rate for all

it "canadian East’ Coast Ground Fish Processing Invesz“igauan was: "As“raw

that ‘vorking for hiher ylelds, vhich 1a assoctated with lover -
nean eart tatés ‘of: the ‘operators (Flgure. 28] Table 29), ds © i . L.
bty Erom i i lsm}llns_"v : 'wsnzuf z
Pl eh © P
£ The zelationships abnine;:l be;weeh.workmarfamancz (speed of . .

plal\[ conditions of pac:d envirpnment could be working at continumlsly

higher physiolo gical loads.

< Y s He
This btudy (Figure 28; Table 29) *has also indicated

a pegative LinearmfGlationship trend between yleld and mean %

‘ 24 . 7
“'heart rate -of each nperntﬂx- However, no -significzmt relationship was - .

the subjects ['mﬂe 297

In ﬂsh s plants. 'chz: d and ummgn of the N T

compnny depeiid o both higher y1eid dnd- tister r fhroughpnts " Gag of che -
to pnm: 3 i by Resenrch

‘and. Producr.!.vl:y Ccum:il (R.P.C. ) 14 its recent tavn!t 1977) n{

witérial costs represent the grea:esr. eingle factor within. the cost

atructure, the greatest single cost cutting ‘opportunity for the dntustry

would be the lmpxovament of ylelds. 'The labour coit increase which can

result from 2 alowar pre rates ta bigher y!.glda,

is mintmi as compared with the benefits” to be ob:amed from' lower

-matertal conts." Results from this m.-eszfgaurm therefore suggest

fiileting and actual vutput rate).and physiological purmeteru (\mm -

. heart: rate, ‘hlond presuu-:e. etc.) could be developed :o zvaluate such

" Eabbors e watk Load meu, o on, Job evaluation sad

f;culcxas. Hlll:iple regression analysis shows ‘that



"filleting operator considerably,’since the upezatur slows. dovn: vhile: filieting

] : 181.

% . N . 3 CR
in fish processing, the heart rate of the operator depends on gpeed
of filleting as well as on sizelof fish. The mltiple linear- equation '
Heart rate = d +b (spmx of filleting) + ¢ (no. of codfish per 75 ibs bnx)

could be used to compare the physialogi.l:a.l 1load 1.|xposed a the uperacor

. for different methods of filleting, for. dufe:en: heights of imrkvlace. .

for different wnrk lnyouts, for equipma:l: comparigons, e(u > 1n che

following Vay. . Suppose a devision is-to be made. aboutthe selecti

" 'the better. of’ to uvuu-ble methnds ‘of flll.etingf An uverlge skuled

jopezator can be asked to “illet’a given size of fLsh at a cer:ain speed;

say normal s'peérl and using ene particular methud of flleting.’ s mean

> hént rate conld be deternined using the pramdur& used {njehis etudy.

The same- operu:nr can then be asked té fillet the same size of £ish, at
the same svead ‘but using tha ucluer ‘method- o£ ﬂ.ueting“ Bh/mun  heaft L

rate .in I'.he second. case could llna be determined. - Thé ‘difference in ‘the

values.of mean héart ratés in theé above two cases could be atekibuted to

the dizfexence in the values of constasits: (a,.b and ©) of the: function,

~which depend on a mmher of hctoru such-as pllyair_ll condition of t’ha

operator, skill and ' experience, work layout), me:hog of ﬂlleu.ng, uorkplac,e

height, and ‘general etc. If all‘other -

“factors except me!shod of ﬂlleting were k.epl: constant m the abbve two
cased, ‘then the difference.in"the dbserved mean heart ‘rates of the fuler.er
in the two cases, would primrlly be beannae of the dlfference 1n-hethads® o

of Ftl1eitng sed. ,The sethod givisg the! lover meat'heatt ratd ind . o

thus xeptésen:mg less physiolnglcal' d ok 'cm ope'u’:‘ox would e,

for incréased yield), some speed or qutput incentive may need: t« im:orporated

. to- acliieve ‘the. opum result both: fmm emnonicnl and physiulcginal paint

view.

11n performance rncing sy&xem, ‘normal perfvmnce or lpe:d is represen ed

* by 100 percent. "}btian and Time s:udy," by. Barnes; 1968, p."380., > Ve
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dads, THey should establish the relaticships

by comting the average nm;: P £iah, per given velght or per box

ork * Lagous, ‘Bl Tiods. of p'mcesuing, 1opositicn of Tess:

perfn’m'nca for:different sizes of fm. _and deternine!vhethicr tﬁe .

filleters ‘are being snbjacud o higher physiuloglcs] otk Losd levels

ort na:, If they. aré subjected 8 higher physinlngicul dork. ‘load levels

theén @mpmze actlons such i imprcvzun;s lin the wurkd.ng Wnditiuns, :

Tessures frvm

P

ahuuld hg taken.

better empl 201 Jete

work pgrfomnce ipa fm pl.am: dpendid many ‘Eactors

curviunear relutimlhip betweeri number of, codfish

pex 75 bi box and the normal output” Fate c:aunduslk s el ad ﬁmu)

of the fillazer (Tabie 23)» A dec;ense in pumber of codfish fer 75,3, ;

box (or an 1'ncrelse in, Lhe' & of fish), relulted\ in a signiiiclnt.

mc:e.se 1n fornal m:(put( me (roundfish.as well as ﬂllets) and mg. .
'varsa. Thit study has alsc shown that the Yate ot decrease of normaf, *'-

. output. rate (ll:s /hr.) for ‘the siall size wdfhh 1.e., latge num.her

of fish per 75 1b. box; was not 4s liigh as, whan cmpare | to the laxu

size codfish, .e., alull mmber of £ish per. 75 lh. box (P1gure iz)
In mh prccelsi.ng, where the s!ze of, £sh 'varles dnily, “the

managengnt. should ac ounc for ‘these vuxmnces uhan se::tng wn:k ‘stan-

etween size of fish

end.standara output ?nce 0f £illeting’ £of s rangé of - diﬂ‘erenr_ spac:

input q\lality of £1sh, '0f fahore-inshiore tish'and the. dressed-\mdressed 3
conrlition Gf the fish. me these ralatimships the stnndsrd for_the

day, or for the hour 1 'tbe Aa.uy vatiance is 1azge. can. )ae a»ublisyed

observing the | stmdnrd autpllt wate from 'the appropriate graph: The:

approa sugggated above g :anaidetad to'be prwper <and fal vhen

3 esubushing Vork. stlndardu, as - conpared t the Be! I:i_ng of ‘an azbitrnry




fis\fre bmed on khe mltput values avuage over the _range of fish size.

ol wiu ulsn help. the mnagem\t Eram the ymlnc ot view of industrul
:elﬂtiana standlrds And incel\tives supervision “and wotken under~

sunding and ac:zptam:e uf the work. er.nndatdl. B

o)
“Multiple linear regression al\Alyais hetween speed of fillzti

S mmher of cudfhh per.75 1b. hox and sotual oitput rats: (xaundf[sh as |

vell as fma:s) has shom that speed nf filleting’ (perforance uting

aswell as.3ize'of Fish has g Eil effect on'ctual output rate T e A

._ o e, (lbe, /nr.) ('l'abhs 36 -nﬂ 37). ‘An inuxsase Ln apeed of filhting causes

a signiﬂcant ircrease (p20:QD) 1n umu output “rate whmu an tntreau fn -

no, of codfish. pur 75 18, box (nr Ln‘uthur wum, a decresse {n sm of

ﬂlh)causea a simlficﬁnt ;leczeue(13<0 01.) m uc:un outpuwacq. This study

has 'thexstote ‘shoim €hat in a fHsh ptcneseins slaat, size of fish aid -

syeed of filleting are ché\mo matn factors which affect’ the actual

astmit rate. ‘(roundﬁ.ah o5 well s filletl) of the f,uleting operator.

W, I Hshi. plants; the marisgenent. shnuld there fore accoumt for thesertwo .

faczats car:fully vhen looking for dif&rem—. ways. to msteva :he worke

3 perfamuncz, i.e. &ctunl outp\lt ate nf filletn as: vell as of ro\md—

T fun, of the filhting ‘operator, . k e B e Sk

re the’ cuét of niterial is cnnudez.bly .

“higher . then the cost, O lbour, the anoint: OF macthit, can'be: fille\:ed

" frod a £1eh'is more impdytant mn e vate' of dutput, Thnugl\ yield,

ta gome “extent, ean be related to the Bkill. of (he cpamtor, it has

o e observed that yield s also afectsd by the apud of mminm

This ntudy has .#how that an incrésse iu speed of fil].::ing uusas a

decrease ta the detd (rmes 5 a7y TR A

The, abtive. ,‘ Hyield atudies were ¢




‘;‘hat the ddéal incentive Bystem should ba based nn yielﬂ a.lpn hut‘

S dué to praccicil remns,z

tive set—up. Negatiw Slcpe! were: obcah\ed under these aondmons
uhicl\ ranged from 0,02 o0 16Y The slogse -and pnsitinns of theae .
curves, could be"altered by offers e, mnay reuard!. Dr by other forms |

S :
- tivauon, to the npermrs Fjguu 33 show! th&ncxcipma

iel, ,(ela:ianshm mder thme different 1ncem:1ve systzuﬂ as

obutved fooi r.he g:lph

145 the nunrim::n:ive system. 1t will

ome speed lncenc;lve may ne;d':q, be‘1ncorpr
<

Rer:om;:endar_ions G R o e B i

This study has Endicated linea¥ positive xeiauanships b’e’év‘eah

work performance (performance ratlng “and actiial outpu; rate) aid”

physlulugical pmramuturs-(uan heurt Tate, sys:uuc bla\sd preenute etc
of the ﬁ.lletiug Spérataz, for. a given mthod oft Ulleztng, wnrkpll«e

should

hedght (37%) and uaj(mym.z.“ © e manngemeut 10 £ish plml‘.

b these Telat “for differént method

yla:e heights and uork Y abeites The mema af Hlleting, warkplnce '

hetght nnd work- 1ayout, - zepmsenting the teast shysiological Toad on; the

L - P B e
lRefer Tablée 27, & >
. 24n effore to increase the yiﬁ w1l c\use o Preil e ke
‘rate of Cutput of filleting operato; dcra'bly, since-the uv=m=°r
sléws down hhlle .f‘lleting for inczeased yiex

3Re£er ngum 7 ana a, Bp. 23, % oF dits ‘Tepatt:

"Refer Figures‘Z and'3, ' pp., 16,17 of  this repo\.

£ ﬁlle(ing, wori -




fﬂlg:ing opdrater for a gtven ok pzrfarmance (outpul: rate etc,), o

H
shmdd be selectsd‘ i

© This study’ |]ns showi a cuzvﬂmear relationship bétween nusber,

of fish count per 75 10 box (nr in mer Hord | Sze of fm) and S

5 e X . s
) Factora Iﬁ&:\:’::ge of: aq\feﬂm )
" A3 s
“E4p; o Bahore inshore fish, and: dxeﬂud - u'ndreBsed -condttion of

r.h ﬂeh\ ‘These gzaphs shnuld gtve a hecté 1nd1culen of the' standsr;d

Ao fox che dny (ox fomh hmm_t.gme dai].y vatlnnce L fsh is, large)

"' fish ‘plants; using gzllmp e lelating table luyn_ut». o

¥ g
on :h'é nuecmg cpeu:oz énfum be inventig&:ed

Further 1nvut1gaum- of simllar nature ehauld also- e carried out, fn

as mmpared o “tne urb:ll:rnry figurz bszerl on the output va1&s averaged

over the' tn{\gg ‘af Esly size.

The prodéssing ‘plant used 1n this ‘study weighed out’ is 1bs.: of *

I

fish per bos: " Ong of its sistet plants uulqeu 100 Ths: o€ Etafl pet

{The” eﬂe:: of enantity of: ftsh per ox (oF in other woxds 1nngex

r—um per box) ‘on.the work perfomnce and p‘hyslulogi::al load'

SR In fish’ plants theré are usually-tvo types’ of fiileting table

layants (muvx.dun ype and group type) used.. This: spiidy was cqnied

: ut in a:-Fish plant \Ling mivum» type ‘E116t1ng, table, layout.

B
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APPENDIX A
COMPUTER PROGRAMS

2 [ F . d .
Vartous computer programs used during this investigation are as

followa: L . v : s

A“l Linéar and Correlation Analysis

. ;

A linégr regression-computer program called CALCPLOT wis used :
‘on ‘PDP 12, to compute linear ‘correlation between'work performance ¢
¢speed of filleting, actual output rate) and physivlogical parameters :
b \ :

(mean heart rate, blood pressure, ete.

Linear relationships were also
conputed between speed of filleting, Aumber of codfish/75 lb, box,

percentage yleld and actilal.oytput rate, etc. .A non-linear relationship

between pumber of cgdfish/75 1b. box and normal output rate 'was also

computed using CALCPLOT, by first converting the fion-linear relationship -

4nto a linear log forn. Input data information was provided using

.- teletype unit. Output freit this program included means of independent

@) and (¥) variabies, correlation coefficient (R), " : ; .

coefficients (a and b), the coefficient of determination LoR degree
K 3 of freedom (d.£.), and a Test-statistic called Students' T-value,a - . . i

measure of strength of the rel between and

variables (Appendix B, Table B-1).
Relationships tested were of the' form:

Linear Form: =a+b ()

- Nou-Linear Form: * Y = a.(0)° 5

£= ' " Converted fo Linear Form, it is: log;((Y) = log) (a) + b logo(X)
o i ;

> . W

: "CALCPLOT" by Bol L1971 . ; L
Cullege Tomdony Ené{l H.' bstrﬂl:k,»_ 1971v Depa:gm.ent of Physiology, University
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4 1
- A-2 Multiple Linear Regression and Correlation Analysis

A computer program (BMDOZR - Stepwise regression)t for IBM-digit

370/150 was used to ‘compute a sequence of multiple linear regression

equations in a stepwise manner. At each step, one variable is added to

5 s
the.regression equations. The variable added is the one which has/Ahe

highest partial correlation with the depéndent variable., Input data'is
'
be punched ‘on cards. Output. from.the prog‘tm?e Ancludes

. multiple correlation, 2oefficient: (Rm), overall F-ratio valu
value for--

at each step

‘correlation

' (matrix, pattial correlation coefficient- and partial’ F-ratio

each of !he independent vatilbles with dependgnt variable, and values

of constants and regression coefficients, etc. (Appendix B, Table B-2).

Multiple linear regression equation used was of the form:
Y =a+b(X)+ C(xﬁ 5 :
where )}:1 = speed of filleting \ .
X, = no. of ca,tfish/n 1b. box o \\

Y = mean heart tate, or blood pressure, ,or actual output
rate or percentage yleld, etc.
a=a constant

b, ¢ = regression coefficients

T T A3 Huldgle Linear Regzesuion and Correlation Analysis
i L ing Dumy Variables
A computer program (SP8§ - Regression with.dumy varisbles) for
IB‘H‘ 370/150 was uae;l. ‘Thl detailed analysis is given in Chapter 4,
; In ﬂli! investi-

"Results and Analysis] (pp. 120-122) of this report.

gation, there are four distinct blocks of data.or, in other words, the

data came from four different subjects. A set of dumsy variables was,

subjects. Using dummy variables,

used to
it vgs 'pnaéibn to pocL all four dtbetact blocks of data into one group

MDOZR. - ste
(Appendlx B Table Bz2,
Zigeatistical Package for the Social Sciences" (SPSS).by Nie, Hull,

Jenkins and: Beat. 1975. )

puise xegzesslon," University of Callfnmiﬂ. 1973.




@06,
in a-special way ard then determine the overall correlation or overall .,

E-ratia value of three independent var{ables (speed of filleting} number

: A : ;
OF codfish/75 1b. box; and the subject, a nominal variable) with depen— o
dent varisblep (mear heart rate;:blosd presbure, actual output rate,.

percentage yield, ét‘c.). It was aléb possiblé to compuce the n\‘vernll 3

pattinl co:zellr.ion or overall ys!tial F-ratio, Value of any of the A8 5 T B L

|
i
e 1ndependenc variabies (s.y. spead of ‘£111s¢dng) withthe: depandent
; variable (say, mean heartiate); atter con:xolling stattspically the |
effacta of ather independent Sariables, 1.e.s mumber of codfish/75 1.
Tl box mx subject, on the dependent vlrl!ble (mean heart ‘rate) , with “the - e g

help of this wmpu:er program (Appemitx B; Tables B-s B-6)

At Conversion of Analof Heart Beat Signals-to Digital Output

Discussed in section 3.4.3, p. 89°of this report. Also réfer

Appendix B; Tables B-3 and B=4,.pp’ 205-207..
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C1-Bxian >

J D Gy g
-NiV‘UATQ’ YES:ON 'TAPE? .NO 4

iy
i

: A i N .

X =195:€6 "YE =14649 B .

TeNY Mr"TAKES? NO s . L

mans. anp 5. #Es? YES
TMEANT =410 T83E+2

(P<0sRS IF, T>+2.443 5 Psh01 IF T>+3.714°1

Note *" Xt ‘Performance rating (1)
t (independent’ variable)

Mean heart rate (beaté/min.)
(dependent vatiable)

Linen regression annlysiu resulte (uax.ng .

L0T)“between performance rating and méan

¥ hezrt rate for subject no. 1. Algo refér
Tables 17, and. : 3
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L3 N 05/8 FORTRAN 14 ez
@ 2062 DlHENSlDN ISTORCLGEY, JSTORL7A)
oo ROCLD=
aaodg IRDOLD=E‘
@ coesz CONTINUE APPENDIX B %
~ . 9068 D0 16 i
¢ eRET1E JSTORE T
P ema 00 47 1=1,15@ -
L 691117 ISTORCI)=G
o812 CALL CLOCKCS, 180)
® coaie CALL SYNCCE, 1>
, 814 CALL -551<6, ING)
o015 IFCING. EQ. 1) GOTD S8
. ™ oote IFCL EQ. 15 GOTO. 48

CALL SYNCCZ, 35 .
IF¢J. ER. @) . GOTO 168
IRDCLE=TIME<DUM>

.. IRDTIM=1RDCLK~-IRDOLD
IRDOLD=IRDCLK 5
JSTORCIRDTIM)=JSTORCIRDTIM) +4
GOTO 18
RDCLK=T IMECDUM)
FDT IM=RDCLK~RDOLD

2 9 9

LK
!F(IRDTIN LE. @ 3) GOTO 16
INT=RDT IM+1@26, L
CALL SSMCL THPD
IFSIMP. ER. 15> GOTO 3

8

@ IFCINT. LE 2> GOTO 49
ISTORC INTA=TSTORCINT 41 :
J CALL 55M (@, ING> «
(-] . ¢ IFCING EQ. 1) GOTO S8
© BoTo 10 .
- WRITE(Z, 13) :
2 FORMAT CAHL, /.«f TIME FREGUENCY >
B %
[
7 WRITECZ, 75> TIJ, ISTORCIH)
. FORMAT CAH+, FE. 2, 146>
@ aasizo . CONTINUE e
, 6052 WRITECS, 13>
6E53 DO 35 1=1, 60
® | oosezs WRITE<, 9 I, JSTORCI)
BRSS9 FORMAT CLH+, 21400,
5656 . GOFO Z
@ cos? STOP
| BOSE END .
ol ,
LT R P
TABLE B-3:

Computer program on PDP 12, used to convert subject's heart beat
' (analog) signals recorded on mignetic tape, into digital output
§ .8 (heakt beat interval frequenéy distribution form). Refer p. 206.
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TIME FREOUENCY APPENDIX B
0.40 \ 0
0.41 0 R
0.42 0 ]
0.43 0
0.44 1
0,45 1
0.46 2 .
0.47 1
0.48 0 ~
0.49 2
0.50 0
10,51 1
0.52 2
0.53 2 |
0.54 4 I
0.55 5
0.56 7 ®
0.57 18
0.58 39
0.59 50
0.60 65 TABLE NO. B-3: (Cont'd)
0.61 99
0.62 77 Conversion of recorded heart beat analog
0.63 101 signals on maguetic tape to digital output -
0.64 91 heart beat interval frequency distribution
0.65 78 form.
0.66 78
0.67 i Subject No. 3, Experiment No. 8.
0.68 17 .
0.69 28
,0.70 18
0.71 12
0.72 9
0.73 16 .
0.74 0
0.75 7
0.76 4
0.77 1
0.78 0 N
0.79 0
0.80 0 3

IRepresents time between any two

successive heart beats (in seconds).

" (\l
S

1




APPENDIX B

LIST

SARNA

19 N=2a1

20 A1=0.0 - % ~

30 Bl=g.0 ; .

40 FOR I=1 TQ a1 ~
5@ READ X»F

60 DATA +40sBs o 41, Br 425 0’ 43585 2445 Lo 1 455 15 « 46525 < 4T |..aa.a
70 DATA 249225 +50,@» ~517 15 +525 25535 20 545 41 +55255 4565 T4

80 DATA 57,18+ +58+395 8595505605655 461,99 +625775 ¢635 101

98 DATA 64,915 +65,785 +665785 675445685 1724695285 +70, 18

100 DATA -71.125:72595.735 16527405 75: 7576545 77214 78,0
118.DATA <7905 80,0

120 A1=A1+F*X

1
168 PRINT “THE MEAN VALUE
READY .

RUN ; ) .

SARNA ; )
THE MEAN VALUES .632969 X: Tepresents time betueen any twol
T oF X .+ - successive heart beats (in,

READY ’ seconds) .
A :

F: Carrespondmg frequency for
each value

1
Mean heart rate = o Y oirt beat interval) (in seconds) X 00

. S
. = 5537505 X 60 = 94.80 beats/min. (Refer Table 14)

TABLE B-4:

B subject no. 3, experiment no. -8,
using a-computer program on-PDP 12.

Note: Input data comes from heart beat interval,.time-frequency distri-
bution computer printout. Refer table B-3, p. 206.
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