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REPETIT ‘fB BTIIuIDw ~ APPLICATION OF THE LHARNING CURVE T0
THE BUILDLING IX Dl STRY,

Two aspects of the building maerket give rise to concera: first the
large expﬁrgior in buillding activity reguired over iie plan period
to 1970 snd ocvoqg, aind second the qlgb and probably ranidl

rising, level of huilding costs in I ﬂdq. Consideration has there-
fore %o be given to ircreesing the capa01by of the industry and
improving its efficiency. (i

A&

Capacity may be expanded in two ways - through an increase in the
resources devoted to construction sctivity, and an improvement in
the efficiency oi the resources already so enmployed, As 1%t seems
iikely thet a shortage of skilled manpower will sarise during the
plan period (11), methods simed =t 1Lcr?asing the efricicncy of lab-
our use nmust be urgently congidered,

s objective is through the cx-

S

One of the methods of achieving thi
ploitation of <the 'legrulﬁg ef1 ect' d“W1on from the repetition of
an operation, which lesds 2ad > 1ab productivity,
The implementation of this iﬂEOVuLlOR, }o evor, is likely to have
considerable multinlier cifects such as to ruise efficiency over and
above that atmributablc to repepition, since the condi ulOdb to be
met inclule strict coantrol over the lsbour iaput, in

and scheduling of worl snd the introduction to the ciure

of a system of incentive payuments,

It was hoped in this paper %o pTG&vﬁt results of raoscerch into the
existence of a leoraninrng ep?eo' bulldid i ‘n Uganda. In
April of tThis year, agrecunc pt T=sionel Housing
Corporition and the then hinis and Tﬂhcvr, to conduct
an experlment in repeititive bul gt uﬂbebe.
vill be

e

The contract at lIintebbhe was for f'* 111C

gald below it is clear that & run of fiv@ is aiﬂ

in terms of repetition. ”evertheloss, o
o

~=g n o ?—a
ot
I_.l
+0
s

o O
s O
&}

C.
<t

was 10 demonstratc Tthe existsnce of a ckle
some of the problems which would arise i , A
larger site could be dealt with, 4s i effects
gquickly showed themselves in that the . a Torm

to record nsn hours per operation, somethin ke is no%

standard practise,

Unfortunstely, the experiment was a failure, and alter three montns
full time on the Sl'e, the project had to be absndoned with nothing
achieved, From the stan dp01ﬁt of research there is cothing to re-—
port - ecven the reasons Tfor feilure would be abundently clenr 40
anyone pxperienced in worik of this nature, The rojoect did, however,
succeed in arocusing a considerable smount of interest in the applic-

1
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(1) A general discussion of these matters is to be found in
'lr:\ ™
Cad

‘ (ii) OFf 1% wenl

5 renlics to a cuestion on bottlencceis to an cexpeansion
of building activiiy, 10 cited sikilled menveower and super—
—_— visory stalf,
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ation of repetitive building. In working papcrs being
in the Ministry of Works, vOﬂﬁuﬂlCut ons and JouuLﬂé, I
portance of the potential of the repetitive effcet is being ciied
as a reason Tor the nced to creste o cohereant and programmod
housing pelicy. Furtherwmore, the H.H.C, cloims to
to apply the w<thod ocn an arsy barracks coatract a
'most encoura 3 rcsaLus‘. unf
rccords of o; ation man hours on

It is perhiaps thercfore onporiune digcussing the
basis of rendtition, its *uol,mvdt Llo;, ' bicis likely

to be encountered in its application. I is said is
necessarily derived Irom npublications al rescarch GXe

perience,

It is of onterest Taat the implemoentation o
1s being widely investigated in Burope, whe
of expanding outvut with shortages of skill

e

tTive buildimg
] vroblens
Aanpower exist. Jdts

o ‘'wmodorn!

ng
ﬂppllC”thH to a develoning country is an

innovation that does not reguire the input of
productivity. (i)

A point cof clarification wust he mads in o l:tlon to the scope of
this naper. Two categories of renetitive i w0y bo dise
tinzuished, reopetition within ithe hUiTCinﬁ pY. ory and
repetition on—-site. Hoth thesc aspects of repevivion asve been
documented by £.C.18. (ii) ) t.ls peper, attertion is dovoted 10

1 k) ) N I
e o e P s oy A b akc)
LDhe LoImas Of rTorerosce 0L TaAE

ton-gite' ropetition, or to cquote
E.C.B, study, to asscss

-2 N N 3 D
ithe ind nr QrDOWJbLVluj and bullding
N e PR = Bl
costs o production ond whe degres of

repetition of ove ions corried out on-sitod {(iii)

The Theory of Costs.

The effect of repetition o building operations
reductlon of time reguirced o ¢ 1ﬁenulcol
specialiscd, porﬂtlomo, vhich

muccession (i.e. from one house

building ieans long 7uns of a b

aticn by The labour force, The

input is the imnlicit trainir
time and again.

;.J

Thus labbur costs, and perhaps some other cs tegorice o
stated to be a function of the volumd o ou*gut. Ol

the traditiozmal theory of costs, novever,
theorics, it is “ufrOth based, (1v) Jocl
lengthy discussilon of this, and polintes ou

seces ir economic snalysis *h’
refers to the o

rate of WLmJut
otaer indepecnd

(i)  Sec Green, R. Wage Levels, Duploynmont, Productivity snd
Consumption., EDRP 109,

(ii) Cost, Repetition, zintenance - ?Olcupd thCCES of Buildilng
Prices, B.0.3, SP/“CL/FOL/7, Effect of Ruporlulou on
Auiidi Operstion snd Processes On~Sito. BE.C.B, ST/ICE/HCU/14.,

ticel work, A, Alchisn hss atvcmplted To overcome tais,
apt@r ‘Uo ts & OlJ“uu in The Allocebion of Beonowic

(v) QOQA, d. LHJCSC 1011 bCOddmlCu.
(vi) dibid. ». 274,
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Among the other independent variables, he cites volume of production
lot size, and VQTLCLJ of productior.. Ho goes on to point out that
empirical measurcment ol cost curves 1is done in such a wa Yy as to
represent the theoretical formulation and to climinate other 'irrel-
evant cost forces'.

i)

This choice of variables is of course quite acceptable from a theor-
etical point of view, if the most decisive influcnce in cost determ-—
ination has been picked upon. From a practical point of view,
however, in so regulating volume as a Cetermining varieble, it is
possiblce to hide its influence altogether, for at least in building
its exploitation requires appropriatce changes in thce usual methods
of work organisatior and the pattern of demand, without which a
lesrning effect mgy rot cxist or otherwisc be of little significance.

It is perhaps intveresting to note in this conunecivion that in the
field where the repeititive effect was first studicd, the airframe
industry, while

most writers,.... are agread that rate of production
does have an iafluence on.... unilt costs,..., it is

fols to be of minor importance, within o cerialn range
of nroduction, and definitcely subordinate to the
effoct of cumulative nrodagbloﬂ.“ (i)

H

The dimportance of this relationship ig also explicitly rccognised

in a recent siudy orn econowmics of seadle, where the authors point

out that unit costs of » glven techniguc must be observed at diff-
erent points in timc so as 1o take account of the learning effect, (ii)

There arc clearly imporiant intecrconncetions between rate and volume
which increasses the difficulty of specifying the optimum position

when both rate and volume arc taken into account. Bul given what

has bheen said above, and cmpiricsl cost studics in a nusber of
industries showing constant marginal costs over a range of output (iii)
it is perhaps permissdable while anoting the existance of the two

forces in cost determination, and more importent their interconnce-—
tions, to dgnorc rate of output and concentrate on the other variable
of winich relatively little is known.

Nature of the Volume-Cost Relationship.

The best documented aspect of the learning process is that already
refered to between labour and volume of output. By repeating an
operation timc and azain, an operative gains in what may be termed
"technical knowledge! and reduces the time taken to complete an
operation,

But as the labour force becomes morc kPOthdclﬁblo and skillcd, it
has becen found that wastage of matcrials de CTeasces, and so gives
risc to another aspect of the volume-cost relgtionship.

The third source of this rclationship is concerned with complox1tles
in the production process, In traditional analysis, changes in
factor proportions and size and type of plant arc included, but
nothing is said of the complexitiem of work organisation, work

(i) Asher, H. Cost Quentity Relationships in the Airframe Industry,
- Rand. p. 86.

(ii) Pratten, C. et.al. IBeconomics of Large Scale Production in
British Industry. Cembridgce. p. 14,

(iii) The only study of cost curves in building that I know of, was
done by the B.R.5. in thce carly 1950's with reppcct to housec
building. I believe that their conclusion was that no im-
portant cconomies of scalc werc to be found,
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nethods, tool and gang co-ordination, organisation of the work

place and solution of cngincering problems, within a glven techni-
que of production. These problems arise and can only be solved
after manegement has qcquired technical knowledge of the production
process as a result of experience of operation.

Finally, as volume increascs and Jobs are repeated, tools in the
hands of workers undergo adaptation and improvement, increasing their
eifieiency.

In this paper, only the first and third arc cxplicitly trcated, the
two clearly associated in that the countribution of indircet labour
manifests itself in the labour input per unit of output. (i) With
regard to this coniribtuiion of managcncent learning, it is as well
to draw attention to criticisms of lecarning curve literature that
have recently been mades :

... with a few notcable cxceptions, the role played
by cagincers and inderect labour personncl in facil-
itating twhese increases in productivity has not been
adequately rccognised,” (ii?
The importance of this comasnt will become clear later in the paper,
though strictly Baloff's remarks apply to a somewhat different
situation that is being 8Becalt with here.

The scecond aspcct of the volume cost relationship is ommitted since
1t is in any casce a dircct function of the rate of lcarning, and
because it is fclt that ony saving wiil be a smell proportion of
the total materials cost of a building.(iii) The final factor is
ignored sincc 1t would scem from cmpirical work to make only a
small contribution to the overall learning effect, and furthermore,
it is perhaps inappropriate to talk of the introduction of sophis-
ticated hand tools into the Ugandan building industry.

Thus it has been said that learning curve analysis makes two con-

tributions to conventional cost analysis: the inclusion of volume

along with rate as an indcpendent variable, and the acceptance of

chenges in technical knowledge as being an inherent rcason for de-
cliazing unit costs. (iv)

The Progress Curvd.

The Progress Curve is the diagramatic representation of the relstion-
ship betwecn man hours input and the volume of production. It has
boeen found in a number of fields that the declince in man hours
attributable to the learning effect is sufficiently consistent to
be approximatcd by a single mathematical curve. The exact equation
differs according to industry, snd other circumstances, but most of
those fitted arc related to the form

Y = aXB (1)
This is the curve fitted to airfrawe data by the pioncer of work on
the lecarning process - T.P, Wright. The main objection to this
equation is, of course, that it has zero as ivs linit, But what is

(i) This statement is true only in terms of a labour intensive
"~ technology, and should not be taken to mean that an independent

managenicnt learaing process does not cxist in a cawitel intensive
techrnology. The latter is refcred to as 'debugging', which is
dealt with at leagth in Baloff,N. The Learning Curve. J.ILE.
July 1966.

ii) Baloff, i, ibid. p.276.

iii) Bulk purchase discounts could be considered here,

iv) Asher, H. ibid. p. 12.
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(i) For other cquation forms uscd in building, scc the R.C.E.
study.
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structural relation has boon found apnlicable to subscguont ovenis,

With regard to thce curves relating to individual opcrations iv is
clecarly of imporbance to be able to prbd ¢t the path of improve-
ment given that cach operntion will exhinit Leoturcs of its ovm,
Under thesc conditions some operationo will be advencing foster

than others, nad ~where the scquence Of fﬂerd+iah° is toon nlenlly
deternined, 1t is nccessory to forscu sze relotive speeds in order
to prevent woa ﬁcurs b“lﬂb wastoed ”nwh o -ﬂgt opersticon cannot
proécod to its work staticn becrusc a slow operation how not completed
its task, In wd&ltlon, o knowlcége of thoe operaotion curvoes is
necded to operate o system of iRO“QtZVQ paynents. Similarly, the
nature of the total nrogress surve is reguired for delivery sched-—
uling, pricing and the ordering of materiols. DEven if it can be
assumed that the totnl curve npproximates the form of ecguation (1),
the actual slope is o matter of conjecture, (1)

The problem of predictability ariscs beenusce at least two elements

of the shane of the curve, 'a! =ud 'b!, depend on clrcumstances which
arc not constont, It is Llso pogsible that these circunstorecs will
alter the cquation form,

This problem has beun touched upon by Asicr, who points out thast the
'a' and 'b' valucs of the funcition have been Tound To be associated
with the degree of preplanening of production, e eiso polants out
unqt one of the j problems thot faccesg thosc urﬂlng with pro-
gress surves is imate curveg for alrereis notv yob wAL_u.(“l)
Other writers, and particulnrly Andress (lLJ) present ~n altogether
too simplc view of this by insisting thot the pottern of improvement
1s regular enough to he prcdictmblo.

It will be roeclled thnt Two major facto vence the sanpes of
the nrogress curves -~ labour and manageria sf‘ming. Of the lattcer,
a numbﬁr of things con be said: its ipflucnec, suilding, 1S proov-
ably relatively small o8 compared to tac effcet of lebour learq1ag,
its influence on the »rosress curve is proporiional 1o the sumount of
pre-plamning, and that its cffect will bhe O"““blc acting So reduce
the man hours ner unit o utput in ¢ sories of unco-ordinated stops.

The nature of the nanagoerient contribution is such as Lo ¢
long run validity of th. progress curve. 4L CO“LraOtO“ ﬂ
the first tiwe on o reovetitive sequence will find it
nre-plenning period to forsee all thic problems and oppo
resulting from this form of orgenisation., 4s a Tuﬁult,

will be introduced during the yraouotimn run Tae cfice
be to make the slope of the function gﬁJaup¢ than thaet
on SUboLQMCQb pro<uction ruas « snd indeed W GVLJ
stability of the equation form., This resu 1 the

subsequent runs
Drogress curve
pcrlod.

5
ny of the influencoes incorpern t“” within the firet
111 now be takes over inte the oroduciion plaonni:

Consequently, a consistent snd prodicts~ble ro I
hours and volwao ca2nod® hc ﬂxnco+¢i until she manr:orinl apfrlbmtzou
to the leerning curve has been absorbhed iantao the pufi@d.
When thils is achieved, the l“f_Jl‘” curve will thgv Cascr:oc Ul

le bour learning clement wiich can reagonnbly be assumed to shov defini-

oo
S
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(i) Sec for examplc th caults of
were encournged to project o lerr ¢ ‘
observations, in Kenchie, This 1ted in undercstimotion
the curve in a nuwwnber of cnses, Kegchie,E,G. Mamufecturing
Cost Reduction..... Univ, of Cnlifornin,

(ii) Asher, . ibid, p. 25,

(iii) Anarcso, F.J. The Lenraing Curve as a Production Tool. H.B.R.

case studics, whcere wanufacturer
T Llug curve from the Tirst fcw
o




and congSistent choracteristics dependent upon the nature of ths

operaticon, This asoumes tThet technicucs of prodz tion romain con-
stant, and that
*roﬂuc*luﬂ UL
iu( reypetitive

tion,

L

tne same manngerial solutiorns will apply Crom ome
to snother (iq“b iz different contracts) thich in

> building cf houscs appenrs 1o be a reasonanble assump-

¢4 \J

Thug, *he rela*ﬁOP“hﬁp thot o fal! and bt
values nnd the cxpericnce of nt of preplonning
crn be explaired in the oho crpirical deriv-
ations of the progress eurv cautlon, and what
is rQﬁQI”O” is resenrch that the cxigstance of

gcard o The firm's

D p
a stoble ~nd congistent relati
p crience, (i)
Given that the nbove relo-
[OFc] nr O~

cess nre going Lowering
df the 's! valu:

o

C

cond in the wrogress the first
fﬂ’ value dees aot exce ] withoum rupetitive
- “hen the w11l reproscnt the

DrOCGSSs.,

Curron

The conditions of work goenigntion nccessn
e¢ffect are quite cbvicug, but 1bVLr+hblcs rely met in building.
They sre, spocis 110n11rr hy operatives on Uﬁrt] ular operations
and lorg runs in the Hroduction of o home >

y to ~chicve a learning

sature of the bulliding industry is thet specialisetion
Aand Tar from mecting the reguirements of thc

it detreccts from if. Thig can bo scen at two levels.
of the usunl craft divisions therce sro numerous
distinct operction o6 its metbers asy be reguired to cnrfy out.
For exrmple, in Brat Affﬁoﬁ, ie congldered srained to creet
brick and »lockwork -nd sering of wdlLD. Second,
cven 1f gwecialisnation is opbratioﬂ bresed, some operaticns on o
building site -re g0 complex ¢8 0 worrent sub-divigion 1f a wnz-
imum 1b3”11ng effect ig to be schicved., A good exemple of this is
bricklsying in Hurcpe, which is carricd out by of>ﬂ,ﬁ¢wbn troined

in llutLu SWSC. Tas zo complex £ moet buildings
thnt considceresbic snvii been recorded
following thoe freokdommn of this

J

: ig specialisation on a singl
in, without interruption. Howevor, a
on the Bntebbo 1t and
ruincd the cxperime nt.
3 treoining nvpears to

o work such shnt con-
ore never tnekled.

Tho basis of thoe lon:
repeated over ond over agni
haphazard alldcaticn of labour was the

it was_ o failute Yo bresk thig practice

OﬁGClﬁliSHthﬂ beyond that cenforced by A ¥

oe completely wlicn, The probloms of plannis
b}

,
U
tinuity could bl mninteoinced by cecn work

Bob

ITn additd
effect of the 1rck
duction procecgs b

opernticnsl discoptinuitics must be ~voided, The

;” Tricient uie A“”u11ﬁl control over the pro-
gived speciesl study in the B.C.L5, rgporﬁ.
Where discontinui- ize, thev are reflected in ~n upwerd kink in
the progress surve, ieh represents wastoed labour. The conditlons
to ke met include on odoquate and contiruous supply of

(i) B.C.E. p. 20.
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on site, umalnvenancs ol operaiion form, mednternance of grng compos--
Lilon, ¢ dance of bre=zs in & supvly of scrvices to the site ,
and ¢ ) 0F thcs: contitions was met on the Entebbe site.

geners1ly not determined by th
2t disnlave I”“uerS which milid
T

building firm, and
ate against long runs.
failurce of the

: ( ant of these in Ugends scoms ac
public sector S0 co-ordinate and progreomme its bullding work. The
expericince of the M.H.C., is that hﬁ Slub ig treated 28 o rezidusl
iten, undertaizen in haste ond witli¥éo-ordination if Qerlus Tunds

ev’“t atv the cnd of the financicl yc:r, This is Ffurther rcflected in
the lack of o heousing prograwme, or policy, associated with the pres-
ent five year plon, Given these conditicn, 1t is not survprising that
building is hophazard. contracts genernlly smoll and thercefore length
of run all. The cout of this lack of programming is only in part
the opportunities forcgone of cost reduction through repetition.

P

~
RN P
b.--‘._lv, sh

raditional

derable scove for the modification of the
pl ces;, both with regard to the conditions

13” repevitio in general. ”lth regard to the formoer,
1‘“f'wv“\‘f\r if is o auwmb»r that building diiffers from industry
7. genereol in «a»¢m1 mportant cffocts: The required contiruily and

» - ordination Eowe . g 1g more diflicult %o achkieve in the
pailéding industrys  sd ¢ osre mobid anG display perculzar character-
i3tics of "hpi“ “2, it oL ne operatives and rnot the work who must

e made to SIS h eploy prindtive conﬂlulon Tor work
being u;udoct : strdicicd moveament ~ne external influences.

The Sconomics of Hepetition,

S0 fnar sttention hes boen devoted to labeur hours reduciion, but the
important verisble is, ol ccourse, labour cost,

!

F;lsc sometiiing must be said sbout the likely slope of the progress
rve.,  In indus SEFLgeucrally,on 80% curve con perhaps be taken as

L«e norm, dhis woﬁ]u mean a reducticon ¢f bthe average lobour input

“C 50% aftor nirs ropetitions The E.C.E. has sugzoested thot as a
result of thoe factors uloCHSSCd at the cnd of fthe last section, the
nom oin the bhuilding i to bc Jomﬂwhﬁt lower. They
heve in fact fouad e of studics, to lic
woen 87 and 92%, side ) 1n%ion in Uganda, there
arc a number of rcesons r thinking thet the likely inpr ovumvnt will
be greater than this

Levaels of productivity in the industry in Ugandn arc gencrally recog—
niscd to be very low, nand the degree of wmnnagement Ls probably &
conuributory factor To thilis in that 1it+lc or no contril is cxercised

b

U
over the labour inpus. (i) The introduction of a repetitive system will,
in itself, ard througa the ubthpllel eflGCto,j cobbbly lead to guite
sigiifice nt cdvances in lnbouvr productivity. lu“thurrorc, recent
analysis of Africnn Isobourxr wroducblety has switched ntiention awny

-

fre: the quality of thu individual to the gquality of management,
Whe s 18 more bL”PlflC?nt is that two sources hrve cited the aptitude
of African workers Ffor repetitive work. (ii)

(@]

Cost savings can be grouped under two headingss: firet, decreases in
opcrational coste duc to ithe more ofliclent exccution of the work
manifest in incrensced productivity, and sccond, indircect cost saving

though quite accurate with reg ﬁrd

(i) This is o genc
to the N.II.C.
(ii) Kilby, P. Africen I
61, vonclus 3 and
Seminar G

5

bour troductivity Reconsidered, .J. June,
Reco- wbld:uloiv of the Lgﬂﬂdﬁ International
of Productivity.




resulting from n rcduction &n counstruction time,

The influence of idmproved pwoalgtlv1*v on building costs depends
A DAy ey ~ «

primorily on the system of remuncration cuployed. IT tn ﬁhudrlg,

or daily, systern of pryment 1s use then any goin in productivity

(’)v

ad
would be reflceted in oq1451n~ oste. DBut uncer
poyment therce is no inccentive £ r the operatives
of their increosed fneilivy nt the Jjob ~nd raiso output. IT a
piece rote gysten is Aploycd, then & : 1
will be gmnll, while irdircet sovings nre likceliy to be subo antial,

With rﬂnﬁrd o the piece rate system, it may be arguced thnt the in-
direct cost sroving in Uganda 1s likely to bo sunll sinecc thc““ slefcha
will ~ssune a anLLr pr0hbrt1@? of t;tﬁl coshs thon in B rwpc. Tc
judgo ol uAls @ = ¢og8t bre-kdown woul u ne mb@ulf@d, and 1T vould
be very inter ing to kpow wn~t the proportion of indircect cocts

to totnl Ch“ts ig for an orgnnisstion like the H,H.C.

Between the hourly ond pilecc rote systou
where the effuet on lobdour-costs deppends on the r:t'
ircentive thet haos to be offered -~uod o siven iacreo
of productivity., Inn o burcpean 'hi uoonorﬁ,
thet tho dincontive olffcrced - via i
nortion of tiie saved prid to tho
reguired in o 'lovw woge! econony.
that operrtives judge the fruits nf
the proportionnl nddition to the ™

moactery systerm of incentive vill

e

this systom of 1ucenb¢vuf involveg

T~ ,l’CT\
504 on the ._““f“wk
efPor+s in

Agsumi '(j‘

. - . eg
cuelmias OX

genernlly opernted - n leisurce MJCVr 1w _ .

returns thrt con be corn *i frem produ ctivc sisure ties,
the more iacentive is likely to he roguired undor tol

But if leisurc productive cctivitiecs are o remaneraiive, then 13
should be p SSLb]L te opernte a’léisurve incontive zvsstem, with n pro-
gressive raleing of the dnily target sev, in nccordnnce with The
slope of the progress curve. Un&ur this system, the henoefite of =
repetition will be roflected in wnge ts,.

Thus there ~re grounds for thir in labour costs

arisigg from the iatroductiosn o) X CF “Uildiq- vill
be grenter tliu thosce recorded in Buwrope. But very listle inforieotion
3
exists ns to the effect on building coste. In bAQChDS$QVPK*H, ci 18%
S Y -3 JE . - . R -, - s . - - b
rcduction in nvcr:go costs per unit wng recoxdod oB oo omosult of longtine
ening the production run fron 125 o 22 By, N

’5 In the
saving per unit of 20% resulted over the

2% 1T exterded To 1,152. It would * 3

this dnforiictlon vere given over thoe whol:s

unit one. (ii) b

Conclusions.

This paper hr-s eotbtempbed to imtraoduce the o-aei
curve, ito SOtuublbl in » Ugrndnn sibustion, nnd
that iss application would rrisc., A4S such 3

-

regenrceh outline theon the conclusion to o

(1) Steps in the marginal tax rate
operating in Jganda's fovour.

(ii) ®.C.E. op.cit., p. 96,
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An important proolom aren hos beonr pointed to tch <ocs not mecm to
have received wmuch ottention in the literature - the predictasbility
of the curve. The conclusion ronched in This paper was that in o
labour intensive opcration o stnble ond consistent progress curve was
not possible whilec importont monagerinl innovations wore beilng in-
froduced during the production pvooese -nnd Thits empiricel progrsss
curves must be derived in relation to the £ the firm,
What the literature docs do is to critici lie-
ation of the 80% curve, based on ono eguat . oW
to be very hozardous vhen tesmno TOITess cmmvéo Ok“i\ the
building of wverious circraft in iny period, €

shope of the curve will depend on the model ana

rtan

builﬂira modcl changes will not be impo
tor uwnresolved., Thusg, ng swared up by I
of this crenture of bnpﬁ ricism. (1)

This Sild, a0 Very i cosyt becn
recorded ~n of the n,  For this rorscon,
mmd becouse @Trv in ““‘“Q“ nS
outlined in o rtivhilce
cgxercise to el

is whnat mi 3 tho
strictures tione Ly thi

repetitive ”bﬁUb incressasd W1t
out the inje A capital
labour rntio pcr Umli « 1 ¥ of o

nore efficient usce of lrbour. In yﬂciﬁllﬂ, 5 crtent thrt copitnl
is better utiliged undc : e :, ! jull in the capitnl
output ration nsy !

e
ke

The iﬂtrod”c+i/n oFf repetitive bullding reguiros oS to oad
in the orgnudsnation of dumnnd, i ' 1 CRA it €h
CAnnNges are lun5 overduc. Resnc roguires To bo

ccntrnllsed, ~nd the totsl of ¢;bupd
prorrﬁmmcﬁ housing policy over
rpr“lly swnil, r8 that nt En
quu gnving Tfrow repetition are
portant is that this form of bllldl
basic services to the units, (ii)

et dn LL mnber
l’\.L a 1~J_

Finally, the repetitive eff:
ghould not be igrored, The
hes complroined of the practice v“
rocge of door sizes, This prnotlce 5
bullding =7/ith no > to the eventurl

(1)  B:
(i1) S¢
L
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