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un
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 d
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nt
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at
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 c
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t p
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 In

tro
du

ct
io

n 
Le

ar
nin

g 
is 

th
e 

pr
oc

es
s 

by
 w

hic
h 

an
 in

div
idu

al 
ac

qu
ire

s 
sk

ill,
 k

no
wl

ed
ge

 a
nd

 a
bil

ity
. W

he
n 

a 
ne

w 
pr

od
uc

t 
or

 p
ro

ce
ss

 is
 s

ta
rte

d,
 p

er
fo

rm
an

ce
 o

f 
wo

rk
er

 is
 n

ot
 a

t 
its

 b
es

t a
nd

 le
ar

nin
g 

ph
en

om
en

on
 ta

ke
s 

pla
ce

. A
s 

th
e 

ex
pe

rie
nc

e 
is 

ga
ine

d,
 th

e 
pe

rfo
rm

an
ce

 o
f w

or
ke

r i
m

pr
ov

es
, 

tim
e 

ta
ke

n 
pe

r 
un

it 
re

du
ce

s 
an

d 
th

us
 h

is 
pr

od
uc

tiv
ity

 g
oe

s 
up

. 
Th

is 
im

pr
ov

em
en

t 
in 

pr
od

uc
tiv

ity
 o

f w
or

ke
rs

 is
 d

ue
 to

 le
ar

nin
g 

ef
fe

ct.
 C

os
t p

re
dic

tio
ns

 e
sp

ec
ial

ly 
th

os
e 

re
lat

ing
 to

 
dir

ec
t l

ab
ou

r m
us

t a
llo

w 
fo

r t
he

 e
ffe

ct 
of

 le
ar

nin
g 

pr
oc

es
s. 

Th
is 

te
ch

niq
ue

 is
 a

 m
at

he
m

at
ica

l 
te

ch
niq

ue
. 

It 
is 

a 
gr

ap
hic

al 
te

ch
niq

ue
 u

se
d 

wi
de

ly 
to

 p
re

dic
t 

co
st.

 L
ea

rn
ing

 c
ur

ve
 i

s 
a 

ge
om

et
ric

al 
pr

og
re

ss
ion

, 
wh

ich
 r

ev
ea

ls 
th

at
 t

he
re

 i
s 

ste
ad

ily
 d

ec
re

as
ing

 c
os

t 
fo

r 
th

e 
ac

co
m

pli
sh

m
en

t 
of

 a
 g

ive
n 

re
pe

titi
ve

 o
pe

ra
tio

n,
 a

s 
th

e 
ide

nt
ica

l o
pe

ra
tio

n 
is 

inc
re

as
ing

ly 
re

pe
at

ed
. T

he
 a

m
ou

nt
 o

f d
ec

re
as

e 
wi

ll 
be

 le
ss

 a
nd

 le
ss

 w
ith

 e
ac

h 
su

cc
es

siv
e 

un
it 

pr
od

uc
ed

. 
Th

e 
slo

pe
 o

f t
he

 d
ec

isi
on

 c
ur

ve
 is

 e
xp

re
ss

ed
 a

s 
a 

pe
rc

en
ta

ge
. T

he
 o

th
er

 n
am

es
 g

ive
n 

to
 

lea
rn

ing
 c

ur
ve

 a
re

 E
xp

er
ien

ce
 c

ur
ve

, I
m

pr
ov

em
en

t c
ur

ve
 a

nd
 P

ro
gr

es
s 

cu
rv

e.
 It

 is
 e

ss
en

tia
lly

 
a 

m
ea

su
re

 o
f t

he
 e

xp
er

ien
ce

 g
ain

ed
 in

 p
ro

du
cti

on
 o

f a
n 

ar
tic

le 
by

 a
n 

or
ga

nis
at

ion
. A

s 
m

or
e 

un
its

 a
re

 p
ro

du
ce

d,
 p

eo
ple

 in
vo

lve
d 

in 
pr

od
uc

tio
n 

be
co

m
e 

m
or

e 
ef

fic
ien

t t
ha

n 
be

fo
re

. E
ac

h 
ad

dit
ion

al 
un

it 
ta

ke
s l

es
s t

im
e 

to
 p

ro
du

ce
. T

he
 a

m
ou

nt
 o

f i
m

pr
ov

em
en

t o
r e

xp
er

ien
ce

 g
ain

ed
 is

 
re

fle
cte

d 
in 

a 
de

cr
ea

se
 i

n 
m

an
-h

ou
rs

 o
r 

co
st.

 T
he

 a
pp

lic
at

ion
 o

f 
lea

rn
ing

 c
ur

ve
 c

an
 b

e 
ex

te
nd

ed
 to

 co
m

m
er

cia
l a

nd
 in

du
str

ial
 a

cti
vit

ies
 a

s w
ell

 a
s d

ef
en

ce
 p

ro
du

cti
on

. 
Th

e 
lea

rn
ing

 e
ffe

ct 
ex

ist
s 

du
rin

g 
a 

wo
rk

er
’s 

sta
rt 

up
 o

r f
am

ilia
riz

at
ion

 p
er

iod
 o

n 
a 

pa
rti

cu
lar

 
job

. A
fte

r t
he

 lim
its

 o
f e

xp
er

im
en

ta
l le

ar
nin

g 
ar

e 
re

ac
he

d,
 p

ro
du

cti
vit

y t
en

ds
 to

 st
ab

ilis
e 

an
d 

no
  

fu
rth

er
 im

pr
ov

em
en

t i
s 

po
ss

ibl
e.

 T
he

 r
at

e 
at

 w
hic

h 
lea

rn
ing

 o
cc

ur
s 

is 
inf

lue
nc

ed
 b

y 
m

an
y 

fa
cto

rs
 in

clu
din

g 
th

e 
re

lat
ive

 u
nf

am
ilia

rit
y 

of
 w

or
ke

rs
 w

ith
 th

e 
ta

sk
, t

he
 re

lat
ive

 n
ov

elt
y 

an
d 

un
iqu

en
es

s 
of

 t
he

 j
ob

, 
th

e 
co

m
ple

xit
y 

of
 t

he
 p

ro
ce

ss
, 

th
e 

im
pa

ct 
of

 i
nc

en
tiv

e 
pla

ns
, 

su
pe

rv
isi

on
, e

tc.
 

16
.2

 
Di

st
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iv

e 
Fe

at
ur

es
 

of
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ar
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ng

 
Cu

rv
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Th
eo

ry
 

in
 

Ma
nu

fa
ct

ur
in

g 
En

vi
ro

nm
en

t 
T.

P.
 W

rig
ht

 o
f C

ur
tis

s—
W

rig
ht

, B
uf

fa
lo,

 U
.S

.A
. i

nt
ro

du
ce

d 
th

e 
th

eo
ry

 o
f l

ea
rn

ing
 c

ur
ve

.  
W

he
n 

th
e 

pr
od

uc
tio

n 
qu

an
tity

 o
f a

 g
ive

n 
ite

m
 is

 d
ou

ble
d,

 th
e 

co
st 

of
 th

at
 it

em
 d

ec
re

as
e 

at
 a

 co
ns

ta
nt

 
ra

te
. T

he
or

y 
of

 le
ar

nin
g 

cu
rv

e 
ha

s 
be

en
 fo

rm
ula

te
d 

on
 th

e 
ba

sis
 o

f t
his

 p
he

no
m

en
on

.  
It 

is 
im

po
rta

nt
 to

 n
ot

e 
th

at
 a

s 
th

e 
qu

an
tit

y 
pr

od
uc

ed
 d

ou
ble

s, 
th

e 
ab

so
lut

e 
am

ou
nt

 o
f c

os
t i

nc
re

as
e 

wi
ll b

e 
su

cc
es

siv
ely

 le
ss

or
 b

ut
 th

e 
ra

te
 o

f d
ec

re
as

e 
wi

ll r
em

ain
 co

ns
ta

nt
.  

Fe
at

ur
es

 o
f le

ar
nin

g 
cu

rv
e 

ca
n 

be
 su

m
m

ar
ize

d 
as

 b
elo

w:
 

( i)
 

Be
tte

r t
oo

lin
g 

m
et

ho
ds

 a
re

 g
en

er
at

ed
 a

nd
 a

pp
lie

d;
 

(ii)
 

M
or

e 
eq

uip
m

en
ts 

ar
e 

de
sig

ne
d 

an
d 

us
ed

 to
 in

cr
ea

se
 th

e 
pr

od
uc

tio
n;

 
(iii

) 
De

sig
ne

d 
bu

gs
 a

re
 fo

un
d 

an
d 

re
cti

fie
d;

 
( iv

) 
Be

tte
r 

de
sig

n 
is 

ac
hie

ve
 th

ro
ug

h 
de

sig
n 

en
gin

ee
rin

g 
fo

r 
re

du
cin

g 
m

at
er

ial
 a

nd
 la

bo
ur

 
co

st.
 

(v)
 

Re
jec

tio
ns

 a
nd

 re
wo

rk
 te

nd
 to

 re
du

ce
. 

Th
is 

re
su

lts
 in

to
: (

a)
 le

ss
 la

bo
ur

; (
b)

 le
ss

 m
at

er
ial

; (
c)

 m
or

e 
un

its
 p

ro
du

ce
d 

fro
m

 th
e 

sa
m

e 
eq

uip
m

en
ts;

 (d
) c

os
t o

f f
ew

er
 d

ela
ys

 a
nd

 le
ss

 lo
ss

 ti
m

e.
 It

 a
llo

ws
 in

cr
ea

se
 o

f p
ro

du
cti

on
 a

nd
 

re
du

cti
on

 o
f c

os
t p

er
 u

nit
. 
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Th

e 
Le

ar
ni

ng
 C

ur
ve

 R
at

io
 

In
 th

e 
ini

tia
l s

ta
ge
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f a

 n
ew

 p
ro

du
ct 

or
 a

 n
ew

 p
ro

ce
ss

, t
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 le
ar

nin
g 

ef
fe

ct 
pa

tte
rn

 is
 s

o 
re

gu
lar

 
th

at
 th

e 
ra

te
 o

f d
ec

lin
e 

es
ta

bli
sh

ed
 a

t t
he

 o
ut

se
t c

an
 b

e 
us

ed
 to

 p
re

dic
t l

ab
ou

r c
os

t w
ell

 in
 

ad
va

nc
e.

 T
he

 e
ffe

ct 
of

 e
xp

er
ien

ce
 o

n 
co

st 
is 

su
m

m
ar

ies
 in

 th
e 

lea
rn

ing
 ra

tio
 o

r i
m

pr
ov

em
en

t 
ra

tio
: 

 
Le

ar
nin

g 
Cu

rv
e 

Ra
tio

 =
 Av

er
ag

e
lab

ou
r

co
st

of
firs

t
2N

un
its

Av
er

ag
e

lab
ou

r
co

st
of

firs
t

N
un

its

If 
th

e 
av

er
ag

e 
lab

ou
r c

os
t f

or
 th

e 
fir

st 
50

0 
un

its
 o

f a
 p

ro
du

ct 
is 

` 
25

 a
nd

 th
e 

av
er

ag
e 

lab
ou

r 
co

st 
of

 fi
rs

t 1
,0

00
 u

nit
s i

s `
 2

0,
 th

e 
lea

rn
ing

 ra
tio

 w
ill 

be
 d

et
er

m
ine

d 
as

 fo
llo

w 
: 

 
Le

ar
nin

g 
cu

rv
e 

ra
tio

 =
 ` `

20 25
 ×

 1
00

 o
r 8

0%
 

Th
is 

lea
rn

ing
 c

ur
ve

 r
at

io 
of

 8
0%

 m
ea

ns
 th

at
 e

ve
ry

 ti
m

e 
ou

tp
ut

 d
ou

ble
s, 

th
e 

av
er

ag
e 

co
st 

de
cli

ne
s t

o 
80

%
 o

f t
he

 p
re

vio
us

 a
m

ou
nt

. S
inc

e 
th

e 
av

er
ag

e 
co

st 
pe

r u
nit

 o
f 1

,0
00

 u
nit

s i
s `

 2
0,

 
th

e 
av

er
ag

e 
co

st 
of

 fi
rs

t 2
,0

00
 u

nit
s 

is 
lik

ely
 to

 b
e 

80
%

 o
f t

his
, i

.e
., 

` 
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er

 u
nit

. T
he

 a
m

ou
nt

 

1



of
 p

ro
du

cti
on

 im
pr

ov
em

en
t i

n 
th

e 
m

an
uf

ac
tu

rin
g 

of
 a

n 
ar

tic
le 

wi
ll 

de
te

rm
ine

 th
e 

pe
rc

en
ta

ge
 o

f 
th

e 
lea

rn
ing

 c
ur

ve
. T

he
 e

ffe
ct 

of
 le

ar
nin

g 
ca

n 
be

 p
re

se
nt

ed
 c

lea
rly

 in
 a

 d
iag

ra
m

 d
ra

wn
 k

no
wn

 
as

 le
ar

nin
g 

cu
rv

e.
 T

he
 u

nit
s c

ho
se

n 
in 

th
e 

pr
og

re
ss

ion
 m

us
t a

lw
ay

s h
av

e 
a 

ra
tio

 o
f t

wo
 (U

nit
 2

 
to

 u
nit

 1
, u

nit
 5

0 
to

 u
nit

 2
5,

 u
nit

 3
00

 to
 u

nit
 1

50
, e

tc.
). 

An
 8

0%
 le

an
ing

 cu
rv

e 
is 

dr
aw

n 
us

ing
 th

e 
fo

llo
wi

ng
 d

at
a.

 
In

cr
em

en
ta

l  
qu

an
tit

y
Cu

m
ul

at
iv

e
qu

an
tit

y
W

or
ki

ng
s 

of
 

av
er

ag
e 

tim
e 

Av
er

ag
e 

tim
e 

pe
r u

ni
t 

Cu
m

ul
at

iv
e

tim
e 

ta
ke

n 
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10
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Le
ar

ni
ng

 C
ur

ve
Co

lum
ns

 (2
) a

nd
 (4

) h
av

e 
be

en
 u

se
d 

fo
r d

ra
wi

ng
 th

e 
lea

rn
ing

 c
ur

ve
. L

as
t c

olu
m

n 
is 

no
t u

se
d 

in 
dr

aw
ing

 t
he

 8
0 

pe
r 

ce
nt

 le
ar

nin
g 

cu
rv

e.
 T

his
 c

olu
m

n 
sh

ow
s 

ho
w 

th
e 

cu
m

ula
tiv

e 
tim

e 
co

ns
um

pt
ion

 w
ill 

inc
re

as
e 

wi
th

 d
ec

re
as

e 
in 

cu
m

ula
tiv

e 
av

er
ag

e 
pe

r u
nit

. C
um

ula
tiv

e 
qu

an
tity

 is
 

plo
tte

d 
on

 X
-a

xis
 a

nd
 c

um
ula

tiv
e 

av
er

ag
e 

tim
e 

co
ns

um
pt

ion
 p

er
 u

nit
 is

 p
lot

te
d 

on
 Y

-a
xis

. A
fte

r 

th
e 

lea
rn

ing
 e

ffe
ct 

ph
as

e 
is 

ov
er

, s
te

ad
y-

sta
te

 p
ha

se
 w

ill 
sta

rt.
 L

ea
rn

ing
 e

ffe
ct 

ad
va

nt
ag

e 
wi

ll 
no

t b
e 

th
er

e 
is 

ste
ad

y-
sta

te
 p

ha
se

, w
he

n 
th

e 
pr

od
uc

t o
r t

he
 p

ro
ce

ss
 g

et
s w

ell
 st

ab
ilis

ed
. 
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Le

ar
ni

ng
 C

ur
ve

 E
qu

at
io

n 
M

at
he

m
at

ici
an

s h
av

e 
be

en
 a

ble
 to

 e
xp

re
ss

 re
lat

ion
sh

ip 
in 

eq
ua

tio
ns

. T
he

 b
as

ic 
eq

ua
tio

n 
 

Y x =
 K

Xs  (
it c

an
 b

e 
ex

pr
es

se
d 

as
 y 

= 
ax

-b
* ) 

...
(1

) 

* e
ve

n 
so

m
et

im
e 

it 
is 

ex
pr

es
se

d 
as

 y
 =

 a
xb , 

th
ou

gh
 b

 a
lw

ay
s 

ha
s 

a 
ne

ga
tiv

e 
va

lue
 

wh
er

e,
 

X 
is 

th
e 

cu
m

ula
tiv

e 
nu

m
be

r o
f u

nit
s o

r l
ot

s p
ro

du
ce

d 
Y 

is 
th

e 
cu

m
ula

tiv
e 

av
er

ag
e 

un
it c

os
t o

f t
ho

se
 u

nit
s X

 o
r l

ot
s. 

K 
is 

th
e 

av
er

ag
e 

co
st 

of
 th

e 
fir

st 
un

it 
or

 lo
t 

s 
is 

th
e 

im
pr

ov
em

en
t e

xp
on

en
t o

r t
he

 le
ar

nin
g 

co
ef

fic
ien

t o
r t

he
 in

de
x 

of
 le

ar
nin

g 
wh

ich
 is

 
ca

lcu
lat

ed
 a

s f
oll

ow
s :

 

s =
log

ar
ith

m
of

lea
rn

ing
ra

tio
log

ar
ith

m
of

2

Le
ar

nin
g 

cu
rv

e 
eq

ua
tio

n 
Y x 

= 
KX

s  
be

co
m

es
 a

 l
ine

ar
 e

qu
at

ion
 w

he
n 

it 
is 

wr
itte

n 
in 

its
 

log
ar

ith
m

ic 
fo

rm
 : log

 Y
x =

 lo
g 

K 
+ 

s l
og

 X
 

...
(2

)

Ea
ch

 o
f t

he
 a

bo
ve

 tw
o 

eq
ua

tio
ns

 d
ef

ine
s 

cu
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up

ply
ing

 8
00

 u
nit

s 
of

 a
 n

ew
 

pr
od

uc
t. 

Pr
od

uc
tio

n 
wi

ll b
e 

in 
ba

tch
es

 o
f 1

00
 u

nit
s. 

Yo
u 

es
tim

ate
 th

at 
co

sts
 fo

r t
he

 fi
rs

t b
at

ch
 

of 
10

0 
un

its
 w

ill 
av

er
ag

e 
` 

10
0 

a 
un

it. 
Yo

u 
als

o 
ex

pe
ct 

th
at

 a
 9

0%
 le

ar
nin

g 
cu

rv
e 

wi
ll a

pp
ly 

to
 

th
e 

cu
mu

lat
ive

 la
bo

ur
 co

st 
on

 th
is 

co
ntr

ac
t. 

Re
qu

ire
d: 

 
(a

)  
Pr

ep
ar

e 
an

 e
sti

ma
te

 o
f t

he
 la

bo
ur

 co
sts

 o
f f

ulf
illi

ng
 th

is 
co

nt
ra

ct.
 

(b
) 

Es
tim

at
e 

th
e 

inc
re

me
nt

al 
lab

ou
r 

co
st 

of 
ex

te
nd

ing
 th

e 
pr

od
uc

tio
n 

ru
n 

to
 p

ro
du

ce
 a

n 
ad

dit
ion

al 
80

0 
un

its
. 

(c
)  

Es
tim

at
e 

th
e 

inc
re

me
nt

al 
lab

ou
r c

os
t o

f e
xte

nd
ing

 th
e 

pr
od

uc
tio

n 
ru

n 
fro

m 
80

0 
un

its
 to

 
90

0 
un

its
.

So
lu

tio
n 

(a
)  

Av
er

ag
e 

co
st 

de
cr

ea
se

s 
by

 1
0 

pe
r 

ce
nt

 e
ve

ry
 t

im
e 

wh
en

 t
he

 c
um

ula
tiv

e 
pr

od
uc

tio
n 

do
ub

les
.  

Th
er

ef
or

e,
 

 
Av

er
ag

e 
co

st 
of

 fir
st 

20
0 

un
its

   
= 

0.
9 

× 
Av

g.
 co

st 
of

 1
00

 u
nit

s 
   

Av
er

ag
e 

co
st 

of
 fir

st 
40

0 
un

its
   

= 
0.

9 
× 

Av
g.

 co
st 

of
 2

00
 u

nit
s 

   
Av

er
ag

e 
co

st 
of

 fir
st 

80
0 

un
its

   
= 

0.
9 

× 
Av

g.
 co

st 
of

 4
00

 u
nit

s 
 

Co
m

bin
ing

 th
es

e,
 w

e 
fin

d 
th

at
 a

ve
ra

ge
 co

st 
of

 th
e 

fir
st 

80
0 

un
its

 
 

 
= 

0.
9 

× 
0.

9 
× 

0.
9 

× 
`

10
0 

= 
` 

72
.9

0 
 

To
ta

l c
os

t 
= 

80
0 

× 
` 

72
.9

0 
= 

`
 5

8,
32

0 
(b

) 
Av

er
ag

e 
co

st 
of

 th
e 

fir
st 

1,
60

0 
un

its
 =

 0
.9

 ×
 `

 7
2.

9 
= 

`
 6

5.
61

 
 T

ot
al 

co
st 

of
 1

,6
00

 u
nit

s  
= 

1,
60

0 
× 

` 
65

.6
1 

= 
`

 1
,0

4,
97

6 
Ad

dit
ion

al 
co

st 
of

 2
nd

 8
00

 u
nit

s 
  

= 
` 

1,
04

,9
76

 –
 `

 5
8,

32
0 

= 
` 

46
,6

56
 o

r `
 5

8.
32

 p
er

 u
nit

 (4
6,

65
6/

80
0 

un
its

) 
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(c
)

Be
ca

us
e 

th
is 

inc
re

as
e 

wi
ll n

ot
 in

cr
ea

se
 c

um
ula

tiv
e 

pr
od

uc
tio

n 
to

 tw
ice

 o
f s

om
e 

fig
ur

e 
we

alr
ea

dy
 h

av
e,

 fo
rm

ula
 h

as
 to

 b
e 

us
ed

:

 
Y 

= 
ax

b  w
he

re
 b

 =
 

log
(2

)
log

(0
.90

)  =
 –

 0
.1

52
16

, a
 =

 `
 1

00
; x

 =
 9

 b
at

ch
es

log
 Y

 
= 

log
 1

00
 –

 0
.1

52
16

 lo
g 

9 
log

 Y
 

= 
2 

– 
0.

14
52

 =
 1

.8
54

8 
 

Av
er

ag
e 

co
st 

(Y
) =

 `
 7

1.
58

 p
er

 u
nit

 
To

ta
l c

os
t 

= 
90

0 
× 

71
.5

8 
= 

` 
64

,4
22

 
 

In
cr

em
en

ta
l c

os
t =

 `
 6

4,
42

2 
– 

` 
58

,3
20

 =
 `

 6
,1

02
 o

r `
 6

1.
02

 p
er

 u
nit

. 

SU
MM

AR
Y 

 
Le

ar
nin

g 
Cu

rv
e 

Ef
fe

ct 
ap

pli
es

 o
nly

 to
 d

ire
ct 

lab
ou

r c
os

ts 
an

d 
th

os
e 

va
ria

ble
 o

ve
rh

ea
ds

, 
wh

ich
 a

re
 d

ire
ct 

fu
nc

tio
n 

of
 la

bo
ur

 h
ou

rs
 o

f i
np

ut
. I

t d
oe

s 
no

t a
pp

ly 
to

 m
at

er
ial

 c
os

ts,
 

no
n-

va
ria

ble
 co

sts
 o

r i
te

m
s w

hic
h 

va
ry

 w
ith

 o
ut

pu
t. 

In
cr

em
en

ta
l h

ou
rs

 c
an

no
t 

be
 d

ire
ctl

y 
de

te
rm

ine
d 

fro
m

 t
he

 le
ar

nin
g 

cu
rv

e 
gr

ap
h 

or
 

fo
rm

ula
, a

s t
he

 re
su

lts
 a

re
 e

xp
re

ss
ed

 in
 te

rm
s o

f c
um

ula
tiv

e 
av

er
ag

e 
ho

ur
s. 

5

Gu
ys

 if
 y

ou
 re

al
ly

 li
ke

 m
y 

ef
fo

rt
s 

th
en

 c
om

m
en

t 
in

 c
om

m
en

t 
se

ct
io

n 
so

 I
 c

an
 u

pl
oa

d 
th

is
 t

hi
ng

 
fo

r c
om

pl
et

e 
AM

A.

Th
an

k y
ou

Va
ibh

av
 T

ho
liy

a

No
te

: 
Th

is 
wo

rk
 i

s 
do

ne
 o

nly
 t

o 
su

pp
or

t/h
elp

 C
A 

Fi
na

l 
as

pir
an

ts 
so

 th
at

, w
ho

 a
re

 in
te

re
ste

d 
in 

pr
ep

ar
ing

 fo
r e

xa
ms

 
th

ro
ug

h 
ins

titu
te

's 
pu

bli
ca

tio
ns

 d
on

't 
ne

ed
 to

 c
ar

ry
 3

 d
iffe

re
nt

 
bo

ok
s e

ac
h 

tim
e.



 
CH

AP
TE

R 
16

Le
ar

ni
ng

 C
ur

ve
 T

he
or

y
Ba

sic
 C

on
ce

pt
s 

Le
ar

ni
ng

 C
ur

ve
   

“L
ea

rn
ing

 c
ur

ve
 i

s 
a 

ge
om

et
ric

al 
pr

og
re

ss
ion

, 
wh

ich
 r

ev
ea

ls 
th

at 
th

er
e 

is 
ste

ad
ily

 
de

cr
ea

sin
g 

co
st 

fo
r t

he
 a

cc
om

pli
sh

me
nt 

of 
a 

giv
en

 re
pe

titi
ve

 o
pe

ra
tio

n,
 a

s 
th

e 
ide

nt
ica

l 
op

er
at

ion
 is

 in
cr

ea
sin

gly
 re

pe
at

ed
. T

he
 a

mo
un

t o
f d

ec
re

as
e 

wi
ll b

e 
les

s 
an

d 
les

s w
ith

 e
ac

h 
su

cc
es

siv
e 

un
it 

pr
od

uc
ed

. T
he

 s
lop

e 
of

 th
e 

de
cis

ion
 c

ur
ve

 is
 e

xp
re

ss
ed

 a
s 

a 
pe

rc
en

ta
ge

. 
Th

e 
ot

he
r n

am
es

 g
ive

n 
to

 le
ar

nin
g 

cu
rv

e 
ar

e 
Ex

pe
rie

nc
e 

Cu
rv

e, 
Im

pr
ov

em
en

t C
ur

ve
 a

nd
 

Pr
og

re
ss

 C
ur

ve
.” 

Le
ar

ni
ng

 C
ur

ve
 E

qu
at

io
n 

“M
at

he
ma

tic
ian

s h
av

e 
be

en
 a

ble
 to

 e
xp

re
ss

 re
lat

ion
sh

ip 
in 

eq
ua

tio
ns

. T
he

 b
as

ic 
eq

ua
tio

n 
is 

 
y  

=  
ax

b

 
W

he
re

 
 

y 
=  

Av
er

ag
e t

im
e p

er
 un

it f
or

 x 
un

its
   

 
A 

= 
Tim

e r
eq

uir
ed

 fo
r f

irs
t u

nit
 

 
x 

=  
Cu

mu
lat

ive
 nu

mb
er

 of
 un

its
 pr

od
uc

ed
 

 
b  

= 
Le

ar
nin

g c
oe

ffic
ien

t” 

Lo
ga

rit
hm

s 
Fo

rm
ul

as
 

 
log

 a (
p ×

 q)
  

=  
log

 a p
 + 

log
a q

 
 

log
 a (

p /
 q)

  
=  

log
 a p

 – 
log

a q
 

 
log

 a (
pn ) 

 
=  

n l
og

 a p
  

 
log

 a 1
  

=  
0  

 
log

 a 1
0  

=  
1  

 
log

 a 1
00

  
=  

2 

Th
e 

Le
ar

ni
ng

 C
ur

ve
 R

at
io

 
“In

 th
e 

ini
tia

l s
ta

ge
 o

f a
 n

ew
 p

ro
du

ct 
or

 a
 n

ew
 p

ro
ce

ss
, t

he
 le

ar
nin

g 
eff

ec
t p

att
er

n 
is 

so
 

re
gu

lar
 th

at
 th

e 
ra

te
 o

f d
ec

lin
e 

es
ta

bli
sh

ed
 a

t t
he

 o
ut

se
t c

an
 b

e 
us

ed
 to

 p
re

dic
t l

ab
ou

r c
os

t 
we

ll 
in 

ad
va

nc
e.

 T
he

 e
ffe

ct 
of 

ex
pe

rie
nc

e 
on

 c
os

t i
s 

su
mm

ar
ies

 in
 th

e 
lea

rn
ing

 ra
tio

 o
r 

im
pr

ov
em

en
t r

at
io:

 
Av

er
ag

e l
ab

ou
r c

os
t o

f f
irs

t 2
N 

un
its

Av
er

ag
e l

ab
ou

r c
os

t o
f f

irs
t N

 un
its

”
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Qu
es

tio
n-

1

Di
sc

us
s t

he
 ap

pli
ca

tio
n o

f th
e l

ea
rn

ing
 cu

rve
. 

 

So
lu

tio
n:

 
(i)

Le
ar

nin
g 

cu
rve

 h
elp

s t
o 

an
aly

se
 co

st-
vo

lum
e 

pr
ofi

t r
ela

tio
ns

hip
s d

ur
ing

 fa
mi

lia
ris

ati
on

 p
ha

se
 

of 
pr

od
uc

t o
r p

ro
ce

ss
 to

 ar
riv

e a
t c

os
t e

sti
ma

tes
. 

(ii)
It h

elp
s i

n b
ud

ge
tin

g a
nd

 pr
ofi

t p
lan

nin
g. 

(iii
)

It 
he

lps
 i

n 
pr

ici
ng

 a
nd

 c
on

se
qu

en
t 

de
cis

ion
 m

ak
ing

 –
 e

.g.
 a

cc
ep

tan
ce

 o
f 

an
 o

rd
er

, 
ne

go
tia

tio
ns

 in
 e

sta
bli

sh
ing

 c
on

tra
ct 

pr
ice

s 
etc

. w
ith

 th
e 

ad
va

nta
ge

 o
f t

he
 k

no
wl

ed
ge

 o
f 

de
cre

as
ing

 un
it c

os
t. 

(iv
)

It h
elp

s i
n s

ett
ing

 st
an

da
rd

s i
n t

he
 le

ar
nin

g p
ha

se
. 

Qu
es

tio
n-

2

Ex
pla

in 
the

 le
ar

nin
g c

ur
ve

 ra
tio

. 
 

So
lu

tio
n:

 
As

 th
e p

ro
du

cti
on

 qu
an

tity
 of

 a 
giv

en
 ite

m 
is 

do
ub

led
, t

he
 co

st 
of 

the
 ite

m 
de

cre
as

es
 at

 a 
fix

ed
 ra

te.
 

Th
is 

ph
en

om
en

on
 is

 th
e 

ba
sic

 p
re

mi
se

 o
n 

wh
ich

 th
e 

the
or

y o
f le

ar
nin

g 
cu

rve
 h

as
 b

ee
n 

for
mu

lat
ed

. 
As

 th
e 

qu
an

tity
 p

ro
du

ce
d 

do
ub

les
, t

he
 a

bs
olu

te 
am

ou
nt 

of 
co

st 
inc

re
as

e 
wi

ll 
be

 s
uc

ce
ss

ive
ly 

sm
all

er
 bu

t th
e r

ate
 of

 de
cre

as
e w

ill 
re

ma
in 

fix
ed

.  
In 

the
 in

itia
l s

tag
e 

of 
a 

ne
w 

pr
od

uc
t o

r a
 n

ew
 p

ro
ce

ss
, t

he
 le

ar
nin

g 
eff

ec
t p

att
er

n 
is 

so
 re

gu
lar

 th
at 

the
 ra

te 
of 

de
cli

ne
 es

tab
lis

he
d a

t th
e o

uts
et 

ca
n b

e 
us

ed
 to

 pr
ed

ict
 la

bo
ur

 co
st 

we
ll i

n a
dv

an
ce

. T
he

 
eff

ec
t o

f e
xp

er
ien

ce
 on

 co
st 

is 
su

mm
ar

ize
d i

n t
he

 le
ar

nin
g c

ur
ve

 ra
tio

 or
 im

pr
ov

em
en

t r
ati

o. 

un
its

 N
firs

t 
 

of
co

st 
 

lab
ou

r
 

Av
er

ag
e

un
its

 
2N

firs
t 

 
of

co
st 

 
lab

ou
r

 
Av

er
ag

e
 

 
ra

tio
 

cu
rve

 
Le

ar
nin

g

Fo
r e

xa
mp

le,
 if 

the
 av

er
ag

e l
ab

ou
r c

os
t fo

r t
he

 fir
st 

50
0 u

nit
s i

s `
25

 an
d t

he
 av

er
ag

e l
ab

ou
r c

os
t fo

r 
the

 fir
st 

1,0
00

 u
nit

s i
s `

20
, t

he
 le

ar
nin

g 
cu

rve
 ra

tio
 is

 (`
20

/25
) o

r 8
0%

. S
inc

e 
the

 a
ve

ra
ge

 co
st 

pe
r 

un
it o

f 1
,00

0 
un

its
 is

 `
20

, t
he

 a
ve

ra
ge

 co
st 

pe
r u

nit
 o

f f
irs

t 2
,00

0 
un

its
 is

 lik
ely

 to
 b

e 
80

%
 o

f `
20

 o
r 

`1
6. 

Qu
es

tio
n-

 3
 

Ex
pla

in 
dis

tin
cti

ve
 fe

atu
re

s o
f le

ar
nin

g c
ur

ve
 th

eo
ry 

in 
ma

nu
fac

tur
ing

 en
vir

on
me

nt.
 

So
lu

tio
n:

 

Th
e 

pr
od

uc
tio

n 
qu

an
tity

 o
f a

 g
ive

n 
ite

m 
do

ub
led

 th
e 

co
st 

of 
tha

t it
em

 d
ec

re
as

e 
at 

a 
fix

ed
 ra

te.
 T

his
 

ph
en

om
en

on
 is

 th
e 

ba
sic

 p
re

mi
se

 o
n 

wh
ich

 th
e 

the
or

y o
f le

ar
nin

g 
cu

rve
 h

as
 b

ee
n 

for
mu

lat
ed

. T
he

 
dis

tin
cti

ve
 fe

at
ur

es
 o

f a
 le

ar
nin

g 
cu

rv
e 

ar
e:

 

(i)
Be

tte
r t

oo
lin

g 
m

et
ho

ds
 a

re
 d

ev
elo

pe
d 

an
d 

us
ed

. 

(ii
)

M
or

e 
pr

od
uc

tiv
e 

eq
uip

m
en

ts 
ar

e 
de

sig
ne

d 
an

d 
us

ed
 to

 m
ak

e 
th

e 
pr

od
uc

t. 

(ii
i)

De
sig

n 
bu

gs
 a

re
 d

et
ec

te
d 

an
d 

co
rre

cte
d.

 

(iv
)

Be
tte

r d
es

ign
 e

ng
ine

er
ing

 re
du

ce
s m

at
er

ial
 a

nd
 la

bo
ur

 co
sts

. 

(v
)

Ea
rly

 t
ee

th
ing

 p
ro

ble
m

s 
ar

e 
ov

er
co

m
e.

 A
s 

pr
od

uc
tio

n 
pr

og
re

ss
es

 m
an

ag
em

en
t 

is 
pr

om
pt

ed
 to

 a
ch

iev
e 

be
tte

r p
lan

nin
g 

an
d 

be
tte

r m
an

ag
em

en
t. 

(v
i)

Re
jec

tio
ns

 a
nd

 re
wo

rk
 te

nd
 to

 d
im

ini
sh

 o
ve

r t
im

e.
 

Qu
es

tio
n-

4

Th
e 

fol
low

ing
 in

for
ma

tio
n 

is 
pr

ov
ide

d 
by

 a
 fi

rm
. T

he
 fa

cto
ry 

ma
na

ge
r w

an
ts 

to 
us

e 
ap

pr
op

ria
te 

av
er

ag
e 

lea
rn

ing
 ra

te 
on

 a
cti

vit
ies

, s
o 

tha
t h

e 
ma

y 
for

ec
as

t c
os

ts 
an

d 
pr

ice
s 

for
 c

er
tai

n 
lev

els
 o

f 
ac

tiv
ity

. 

(i)
 

A 
se

t o
f v

er
y 

ex
pe

rie
nc

ed
 p

eo
ple

 fe
ed

 d
ata

 in
to 

the
 c

om
pu

ter
 fo

r 
pr

oc
es

sin
g 

inv
en

t or
y 

re
co

rd
s 

in 
the

 fa
cto

ry.
 T

he
 m

an
ag

er
 w

ish
es

 to
 a

pp
ly 

80
% 

lea
rn

ing
 ra

te 
on

 d
ata

 e
ntr

y 
an

d 
ca

lcu
lat

ion
 of

 in
ve

nto
ry.

  

(ii)
 

A 
ne

w 
typ

e 
of 

ma
ch

ine
ry 

is 
to 

be
 in

sta
lle

d 
in 

the
 fa

cto
ry.

 T
his

 is
 p

ate
nte

d 
pr

oc
es

s 
an

d 
the

 
ou

tpu
t m

ay
 ta

ke
 a

 y
ea

r f
or

 fu
ll 

fle
dg

ed
 p

ro
du

cti
on

. T
he

 fa
cto

ry 
ma

na
ge

r w
an

ts 
to 

us
e 

a 
lea

rn
ing

 ra
te 

on
 th

e w
or

ke
rs 

at 
the

 ne
w 

ma
ch

ine
. 

(iii
) 

An
 o

pe
ra

tio
n 

us
es

 co
ntr

ac
t l

ab
ou

r. 
Th

e 
co

ntr
ac

tor
 s

hif
ts 

pe
op

le 
am

on
g 

va
rio

us
 jo

bs
 o

nc
e 

in 
tw

o 
da

ys
. T

he
 la

bo
ur

 fo
rce

 p
er

for
ms

 o
ne

 ta
sk

 in
 3

 d
ay

s. 
Th

e 
ma

na
ge

r w
an

ts 
to 

ap
ply

 a
n 

av
er

ag
e l

ea
rn

ing
 ra

te 
for

 th
es

e w
or

ke
rs.
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Yo
u 

ar
e 

re
qu

ire
d 

to 
ad

vis
e 

to 
th

e 
ma

na
ge

r w
ith

 re
as

on
s 

on
 th

e 
ap

pli
ca

bil
ity

 o
f t

he
 le

ar
nin

g 
cu

rv
e 

th
eo

ry
 o

n 
th

e 
ab

ov
e 

inf
or

ma
tio

n.
 

So
lu

tio
n:

 

Th
e 

lea
rn

ing
 c

ur
ve

 d
oe

s 
no

t a
pp

ly 
to

 v
er

y 
ex

pe
rie

nc
ed

 p
eo

ple
 fo

r t
he

 s
am

e 
job

, s
inc

e 
tim

e 
ta

ke
n 

ca
n 

ne
ve

r t
en

d 
to

 b
ec

om
e 

ze
ro

 o
r r

ed
uc

e 
ve

ry
 c

on
sid

er
ab

ly 
af

te
r a

 c
er

ta
in 

ra
ng

e 
of

 
ou

tp
ut

. T
his

 is
 th

e 
lim

ita
tio

n 
of

 th
e 

lea
rn

ing
 cu

rv
e.

  
 

(i)
 

Da
ta

 e
nt

ry
 is

 a
 m

an
ua

l j
ob

 s
o 

lea
rn

ing
 r

at
e 

th
eo

ry
 m

ay
 b

e 
ap

pli
ed

. 
Ca

lcu
lat

ion
 o

f 
inv

en
to

ry
 is

 a
 co

m
pu

te
riz

ed
 jo

b.
 L

ea
rn

ing
 ra

te
 a

pp
lie

s o
nly

 to
 m

an
ua

l la
bo

ur
. 

 

(ii)
 

Le
ar

nin
g 

ra
te

 s
ho

uld
 n

ot
 b

e 
ap

pli
ed

 to
 a

 n
ew

 p
ro

ce
ss

 w
hic

h 
th

e 
fir

m
 h

as
 n

ev
er

 tr
ied

 
be

fo
re

.  
 

 
 

(iii
) 

Th
e 

wo
rk

er
s 

ar
e 

sh
ifte

d 
ev

en
 b

ef
or

e 
co

m
ple

tio
n 

of
 o

ne
 u

nit
 o

f w
or

k. 
He

nc
e 

lea
rn

ing
 

ra
te

 w
ill 

no
t a

pp
ly.

  
 

Qu
es

tio
n-

5

W
ha

t a
re

 th
e 

lim
ita

tio
ns

 o
f t

he
 le

ar
nin

g 
cu

rv
e 

th
eo

ry
? 

So
lu

tio
n:

 

(i)
Al

l a
cti

vit
ies

 o
f a

 fi
rm

 a
re

 n
ot

 s
ub

jec
t t

o 
lea

rn
ing

 e
ffe

ct.
 (A

cti
vit

ies
 th

at
 h

av
e 

no
t b

ee
n 

pe
rfo

rm
ed

 in
 t

he
 p

re
se

nt
 o

pe
ra

tio
na

l m
od

e,
 t

ho
se

 p
er

fo
rm

ed
 b

y 
ne

w 
or

 u
nf

am
ilia

r 
em

plo
ye

es
 a

re
 s

ub
jec

te
d 

to
 l

ea
rn

ing
 e

ffe
ct,

 w
hil

e 
th

os
e 

pe
rfo

rm
ed

 b
y 

fa
m

ilia
r 

or
 

ex
pe

rie
nc

ed
 w

or
km

en
 w

ill 
no

t b
e 

su
bje

cte
d 

to
 le

ar
nin

g 
ef

fe
ct)

 

(ii)
It 

is 
co

rre
ct 

th
at

 le
ar

nin
g 

ef
fe

ct 
do

es
 ta

ke
 p

lac
e 

an
d 

av
er

ag
e 

tim
e 

ta
ke

n 
is 

lik
ely

 to
 

re
du

ce
. B

ut
 in

 p
ra

cti
ce

 it
 is

 h
igh

ly 
un

lik
ely

 th
at

 th
er

e 
wi

ll 
be

 a
 re

gu
lar

 c
on

sis
te

nt
 ra

te
 o

f 
de

cr
ea

se
. T

he
re

fo
re

 a
ny

 c
os

t p
re

dic
tio

n 
ba

se
d 

on
 c

on
ve

nt
ion

al 
lea

rn
ing

 c
ur

ve
s 

sh
ou

ld 
be

 vi
ew

ed
 w

ith
 ca

ut
ion

. 

(iii
)

Co
ns

ide
ra

ble
 d

iffi
cu

lty
 a

ris
es

 in
 o

bt
ain

ing
 v

ali
d 

da
ta

 th
at

 w
ill 

fo
rm

 b
as

is 
fo

r c
om

pu
ta

tio
n 

of
 le

ar
nin

g 
ef

fe
ct.

 

(iv
)

Ev
en

 s
lig

ht
 c

ha
ng

e 
in 

cir
cu

m
sta

nc
es

 q
uic

kly
 re

nd
er

s 
th

e 
lea

rn
ing

 c
ur

ve
 o

bs
ole

te
. W

hil
e 

th
e 

re
gu

lar
ity

 o
f c

on
ve

nt
ion

al 
lea

rn
ing

 c
ur

ve
s 

ca
n 

be
 q

ue
sti

on
ed

, i
t w

ou
ld 

be
 w

ro
ng

 to
 

ign
or

e 
lea

rn
ing

 e
ffe

ct 
alt

og
et

he
r i

n 
pr

ed
ict

ing
 co

sts
 fo

r d
ec

isi
on

 p
ur

po
se

s. 

Qu
es

tio
n-

6

St
at

e 
wh

et
he

r t
he

 le
ar

nin
g 

cu
rv

e 
th

eo
ry

 ca
n 

be
 a

pp
lie

d 
to

 .t
he

 fo
llo

wi
ng

 in
de

pe
nd

en
t s

itu
at

io n
s 

br
ief

ly 
jus

tify
ing

 yo
ur

 d
ec

isi
on

:  

(i)
  

A 
lab

ou
r i

nte
ns

ive
 sc

ulp
ted

 p
ro

du
ct 

is 
ca

rve
d 

fro
m 

the
 m

eta
l p

ro
vid

ed
 to

 th
e 

sta
ff. 

Th
e 

m e
tal

 
is 

so
ur

ce
d 

fro
m 

dif
fer

en
t s

up
pli

er
s s

inc
e 

it i
s s

ca
rce

. T
he

 a
llo

y c
om

po
sit

ion
 o

f t
he

 in
pu

t m
eta

l 
is 

qu
ite

 di
ffe

re
nt 

am
on

g t
he

 su
pp

lie
rs.

  

(ii)
  

Pi
ec

es
 o

f h
an

d-
ma

de
 fu

rn
itu

re
 a

re
 a

ss
em

ble
d 

by
 th

e 
co

mp
an

y 
in 

a 
far

 o
ff 

loc
ati

on
. T

he
 

lab
ou

re
rs 

do
 n

ot 
kn

ow
 a

ny
thi

ng
 a

bo
ut 

the
 fin

al 
pr

od
uc

t w
hic

h 
uti

liz
es

 th
eir

 w
or

k. 
As

 a
 m

att
er

 
of 

fur
the

r p
re

ca
uti

on
, r

ota
tio

n o
f la

bo
ur

 is
 do

ne
 fr

eq
ue

ntl
y. 

 

(ill
)  

Sk
ille

d 
wo

rke
rs 

ha
ve

 b
ee

n 
em

plo
ye

d 
for

 a
 lo

ng
 tim

e. 
Th

e 
co

mp
an

y h
as

 a
de

qu
ate

 m
ar

ke
t f

or
 

the
 cr

aft
 pi

ec
es

 do
ne

 by
 th

es
e e

xp
er

ts.
  

(iv
)  

A 
co

mp
an

y f
un

ds
 th

at 
it a

lw
ay

s h
as

 a
n 

ad
ve

rse
 u

sa
ge

 o
f i

nd
ire

ct 
ma

ter
ial

. I
t w

an
ts 

to 
ap

ply
 

lea
rn

ing
 cu

rve
 th

eo
ry 

to 
im

pr
ov

e t
he

 w
ay

 st
an

da
rd

s h
av

e b
ee

n s
et.

  

So
lu

tio
n:

 

(i)
‘Le

ar
nin

g 
Cu

rv
e 

Th
eo

ry
’ w

ill 
no

t b
e 

ap
pli

ca
ble

 a
s 

all
oy

 c
om

bin
at

ion
 o

f t
he

 in
pu

t m
et

al 
is 

qu
ite

 d
iff

er
en

t a
m

on
g 

th
e 

su
pp

lie
rs

 h
en

ce
 le

ar
nin

g 
ex

pe
rie

nc
e 

wi
th

 o
ne

 ty
pe

 o
f m

et
al 

m
ay

 n
ot

 b
e 

be
ne

fic
ial

 f
or

 t
he

 w
or

ke
rs

 t
o 

de
al 

wi
th

 o
th

er
 m

et
al 

wi
th

 s
ep

ar
at

e 
all

oy
 

co
m

po
sit

ion
. 

(ii)
‘Le

ar
nin

g 
Cu

rv
e 

Th
eo

ry
’ w

ill 
no

t b
e 

ap
pli

ca
ble

  
as

 in
 th

is 
sit

ua
tio

n 
ro

ta
tio

n 
of

 la
bo

ur
 is

 
do

ne
 fr

eq
ue

nt
ly,

 la
bo

ur
s 

wi
ll 

no
t b

e 
ab

le 
to

 g
et

 th
e 

be
ne

fit 
of

 le
ar

nin
g 

an
d 

ap
ply

 th
eir

 
lea

rn
ing

. H
en

ce
, le

ar
nin

g 
cu

rv
e 

th
eo

ry
 ca

n 
no

t b
e 

ap
pli

ed
. 

 
 

   
   

  

(iii
)

‘Le
ar

nin
g 

Cu
rv

e 
Th

eo
ry

’ w
ill 

no
t b

e 
ap

pli
ca

ble
 a

s 
 in

  t
his

 s
itu

at
ion

 a
s 

wo
rk

er
s 

ar
e 

sk
ille

d 
an

d 
em

plo
ye

d 
fo

r a
 lo

ng
 ti

m
e,

 th
ey

 h
av

e 
alr

ea
dy

 a
ch

iev
ed

 m
ax

im
um

 le
ve

l o
f e

xp
er

tis
e 

by
 

ta
kin

g 
ad

va
nt

ag
e 

of
 le

ar
nin

g.
 H

en
ce

, a
t t

his
 p

oin
t o

f t
im

e 
lea

rn
ing

 c
ur

ve
 th

eo
ry

 c
an

 n
ot
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be
 a

pp
lie

d.
 

 
 

 
 

 
 

 
 

 
   

   
   

   
   

   
  

(iv
)

‘Le
ar

nin
g 

Cu
rv

e 
Th

eo
ry

’ w
ill 

no
t b

e 
ap

pli
ca

ble
 a

s 
ind

ire
ct 

m
at

er
ial

s 
ar

e 
th

e 
m

at
er

ial
s 

wh
ich

 a
re

 n
ot

 u
se

d 
dir

ec
tly

 in
 th

e 
pr

od
uc

tio
n 

(n
ot

 d
ire

ctl
y 

pr
op

or
tio

na
te

 w
ith

 v
olu

m
e 

of
 

ou
tp

ut
) a

nd
 u

su
all

y 
us

ed
 m

ac
hin

es
 (e

.g
. l

ub
ric

an
ts,

 s
pa

re
s 

pa
rts

 e
tc.

) w
ith

 le
ss

 h
um

an
 

int
er

ac
tio

ns
. 

Ad
ve

rs
e 

us
ag

e 
of

 i
nd

ire
ct 

m
at

er
ial

s 
ca

n 
be

 c
on

tro
lle

d 
th

ro
ug

h 
pr

op
er

 
m

on
ito

rin
g 

an
d 

ap
pr

op
ria

te
 s

ta
nd

ar
d 

se
ttin

gs
 a

nd
 n

ot
 f

ro
m

 a
pp

lyi
ng

 l
ea

rn
ing

 c
ur

ve
 

th
eo

ry
.  

Le
ar

ni
ng

 C
ur

ve
 - 

Es
tim

at
in

g 
La

bo
ur

 T
im

e 
Qu

es
tio

n-
1

A 
co

mp
an

y 
wh

ich
 h

as
 d

ev
elo

pe
d 

a 
ne

w 
ma

ch
ine

 h
as

 o
bs

er
ve

d 
th

at 
th

e 
tim

e 
tak

en
 t

o 
ma

nu
fa

ctu
re

 th
e 

fir
st 

ma
ch

ine
 is

 6
00

 h
ou

rs
. C

alc
ula

te
 th

e 
tim

e 
wh

ich
 th

e 
co

mp
an

y w
ill 

ta
ke

 to
 

ma
nu

fa
ctu

re
 th

e 
se

co
nd

 m
ac

hin
e 

if 
th

e 
ac

tu
al 

lea
rn

ing
 c

ur
ve

 ra
te

 is
 (i

) 8
0%

 a
nd

 (i
i) 

90
%

. 
Ex

pla
in 

wh
ich

 o
f t

he
 tw

o 
lea

rn
ing

 ra
te

s w
ill 

sh
ow

 fa
ste

r l
ea

rn
ing

.  
 

So
lu

tio
n:

 

  
(i)

Ac
tu

al 
lea

rn
ing

 cu
rv

e 
ra

te
 is

 8
0%

 
 

  
Ti

m
e 

ta
ke

n 
to

 p
ro

du
ce

 th
e 

fir
st 

m
ac

hin
e 

 
= 

60
0 

ho
ur

s 
  

Av
er

ag
e 

tim
e 

ta
ke

n 
to

 p
ro

du
ce

 tw
o 

m
ac

hin
es

  
= 

 60
0 

 8
0%

 h
ou

rs
 

  
 

= 
48

0 
ho

ur
s. 

   
   

   
  C

um
ula

tiv
e 

tim
e 

ta
ke

n 
to

 p
ro

du
ce

 tw
o 

m
ac

hin
es

 
= 

 48
0 

 2
 h

ou
rs

 
  

 
= 

 96
0 

ho
ur

s 
   

   
   

  T
im

e 
ta

ke
n 

to
 p

ro
du

ce
 th

e 
se

co
nd

 m
ac

hin
e 

 
= 

(9
60

 
 6

00
) h

ou
rs

 
  

 
= 

 36
0 

ho
ur

s 
 

(ii
) 

Ac
tu

al 
lea

rn
ing

 cu
rv

e 
ra

te
 is

 9
0%

 
 

 
Ti

m
e 

ta
ke

n 
to

 p
ro

du
ce

 th
e 

fir
st 

m
ac

hin
e 

 
= 

60
0 

ho
ur

s 
 

 
Av

er
ag

e 
tim

e 
ta

ke
n 

to
 p

ro
du

ce
 tw

o 
m

ac
hin

es
 

= 
60

0 
 9

0%
 h

ou
rs

 
 

 
 

= 
54

0 
ho

ur
s 

 
 

Cu
m

ula
tiv

e 
tim

e 
ta

ke
n 

to
 p

ro
du

ce
 tw

o 
m

ac
hin

es
  

= 
54

0 
 2

 h
ou

rs
 

 
 

 
= 

1,
08

0 
ho

ur
s 

 
 

Ti
m

e 
ta

ke
n 

to
 p

ro
du

ce
 th

e 
se

co
nd

 m
ac

hin
e 

 
= 

(1
,0

80
 

 6
00

) h
ou

rs
 

 
 

 
= 

48
0 

ho
ur

s 
Th

e 
tim

e 
ta

ke
n 

to
 p

ro
du

ce
 th

e 
se

co
nd

 m
ac

hin
e 

is 
low

er
 a

t 8
0%

 le
ar

nin
g 

ra
te

 a
nd

 h
en

ce
 8

0%
 

lea
rn

ing
 ra

te
 sh

ow
s f

as
te

r l
ea

rn
ing

 ra
te

. 
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Le
ar

ni
ng

 C
ur

ve
 - 

Es
tim

at
in

g 
La

bo
ur

 T
im

e  
(A

pp
lic

at
io

n 
of

 L
og

ar
ith

m
s 

Fo
rm

ul
as

) 
Qu

es
tio

n-
2

Th
e 

ch
ief

 o
ffic

er
 a

t m
an

uf
ac

tu
rin

g 
pla

nt
 o

f B
oe

ing
 7

77
-2

00
LR

 a
irc

ra
ft 

ob
se

rv
ed

 th
at

 w
or

k e
rs

 
pe

rfo
rm

ing
 m

an
uf

ac
tu

rin
g 

op
er

at
ion

s 
at 

th
e 

pla
nt

 s
ho

we
d 

sig
ns

 o
f a

 d
ef

ini
te

 le
ar

nin
g 

pa
tte

rn
.  

He
 n

ote
d 

th
at

 m
os

t a
irc

ra
ft 

ma
nu

fa
ctu

rin
g 

ta
sk

s 
ex

pe
rie

nc
ed

 w
ha

t h
e 

ca
lle

d 
an

 8
0 

pe
rc

en
t 

lea
rn

ing
 ra

te
, m

ea
nin

g 
th

at
 w

or
ke

rs
 n

ee
d 

20
 p

er
ce

nt
 fe

we
r h

ou
rs

 to
 m

ak
e 

a 
pa

rt 
ea

ch
 ti

me
 

th
eir

 cu
mu

lat
ive

 e
xp

er
ien

ce
 m

ak
ing

 th
at

 p
ar

t d
ou

ble
d.

  T
hu

s, 
if 

th
e 

fir
st 

pa
rt 

to
ok

 1
00

 m
inu

te
s, 

th
e 

se
co

nd
 w

ou
ld 

re
qu

ire
 8

0 
mi

nu
te

s, 
th

e 
fo

ur
th

 w
ou

ld 
re

qu
ire

 6
4 

mi
nu

te
s, 

an
d 

so
 o

n.
  

Ac
co

rd
ing

ly 
he

 r
eq

uir
es

 c
alc

ula
tin

g 
th

e 
tim

e 
re

qu
ire

d 
fo

r 
pa

rts
 4

1 
to

 6
0.

 [
No

te
: 

lea
rn

ing
 

co
ef

fic
ien

t i
s 

-0
.3

22
 fo

r 
lea

rn
ing

 r
at

e 
of 

80
%

, l
og

2=
0.

30
10

3,
 lo

g3
=0

.4
77

12
, l

og
5=

0.
69

89
7,

 
An

tilo
g 

of 
1.

48
4 

=3
0.

48
, A

nt
ilo

g 
of 

1.
42

74
 =

26
.7

5]
 

So
lu

tio
n:

 
Th

e 
us

ua
l le

ar
nin

g 
cu

rv
e 

m
od

el 
is 

 
y 

= 
 

ax
b

W
he

re
 

 
y 

= 
Av

er
ag

e t
im

e p
er

 pa
rt 

for
 x 

pa
rts

   
 

a 
= 

 
Tim

e r
eq

uir
ed

 fo
r f

irs
t p

ar
t (

10
0 m

inu
tes

) 
 

x 
= 

 
Cu

mu
lat

ive
 nu

mb
er

 of
 pa

rts
 

 
b 

= 
 

Le
ar

nin
g c

oe
ffic

ien
t a

nd
 is

 eq
ua

l to
 –0

.32
2 (

lea
rn

ing
 ra

te 
80

%
) 

Ca
lcu

lat
ion

 of
 to

tal
 tim

e f
or

 40
 pa

rts
: 

 
y 

= 
10

0 ×
 (4

0)
 -0

.32
2

 
log

 y 
 

= 
log

10
0 

 0.
32

2 ×
 lo

g4
0 

 
log

 y 
 

= 
 

log
10

0 
 0.

32
2 ×

  [3
 ×

 lo
g2

 +
 lo

g5
] 

 
log

 y 
= 

2 
 0.

32
2 ×

  [3
 ×

 0.
30

10
3 +

 0.
69

89
7] 

 
log

 y 
= 

1.4
84

 
 

y 
= 

an
tilo

g o
f 1

.48
4 

 
y 

= 
30

.48
 m

inu
tes

 
 

To
tal

 tim
e f

or
 40

 P
ar

ts 
= 

40
 P

ar
ts 

× 
30

.48
 m

inu
tes

 
 

 
= 

1,2
19

 m
inu

tes
 (A

) 

Ca
lcu

lat
ion

 of
 to

tal
 tim

e f
or

 60
 pa

rts
: 

 
y 

= 
 

10
0 ×

 (6
0)

 0.3
22

 
log

 y 
 

= 
 

log
10

0 
 0.

32
2 ×

 lo
g6

0 
 

log
 y 

 
= 

log
10

0 
 0.

32
2 ×

  [2
 ×

 lo
g2

 +
 lo

g5
 +

 lo
g3

] 
 

log
 y 

= 
2 

 0.
32

2 ×
  [2

 ×
 0.

30
10

3 +
 0.

69
89

7 +
 0.

47
71

2] 
 

log
 y 

= 
1.4

27
4 

 
y 

= 
an

tilo
g o

f 1
.42

74
 

 
y 

= 
26

.75
 m

inu
tes

 
 

To
tal

 T
im

e f
or

 60
 P

ar
ts=

 
60

 P
ar

ts 
× 

26
.75

 m
inu

tes
  

 
 

= 
1,6

05
 m

inu
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 d
ev

elo
pm

en
t 

of
 a

dv
an

ta
ge

ou
s p

ric
ing

 p
oli

cy
.  

 
De

si
gn

 m
ak

er
s:

 It
 h

elp
s 

de
sig

n 
en

gin
ee

rs
 in

 m
ak

ing
 d

ec
isi

on
s 

ba
se

d 
up

on
 e

xp
ec

te
d 

(p
re

dic
ta

ble
 fr

om
 p

as
t e

xp
er

ien
ce

) r
at

es
 o

f i
m

pr
ov

em
en

t. 
He

lp
s 

in
 n

eg
ot

ia
tio

ns
: 

It 
is 

ve
ry

 u
se

fu
l 

to
 G

ov
er

nm
en

t 
in 

ne
go

tia
tio

ns
 a

bo
ut

 t
he

 
co

nt
ra

cts
. 

He
lp

s 
in

 s
et

tin
g 

st
an

da
rd

s:
 T

he
 le

ar
nin

g 
cu

rv
e 

is 
qu

ite
 h

elp
fu

l i
n 

se
ttin

g 
sta

nd
ar

ds
 in

 
lea

rn
ing

 p
ha

se
. 

Qu
es

tio
n 

12
 

St
at

e 
wh

et
he

r t
he

 le
ar

nin
g 

cu
rv

e 
th

eo
ry

 ca
n 

be
 a

pp
lie

d 
to

 .t
he

 fo
llo

wi
ng

 in
de

pe
nd

en
t s

itu
at

ion
s 

br
ief

ly 
jus

tify
ing

 yo
ur

 d
ec

isi
on

:  
(i)

  
A 

lab
ou

r i
nt

en
siv

e 
sc

ulp
te

d 
pr

od
uc

t i
s 

ca
rve

d 
fro

m 
th

e 
me

ta
l p

ro
vid

ed
 to

 th
e 

sta
ff.

 T
he

 
me

ta
l is

 s
ou

rc
ed

 fr
om

 d
iffe

re
nt

 s
up

pli
er

s 
sin

ce
 it

 is
 s

ca
rc

e.
 T

he
 a

llo
y 

co
mp

os
itio

n 
of

 th
e 

inp
ut

 m
et

al 
is 

qu
ite

 d
iffe

re
nt

 a
mo

ng
 th

e 
su

pp
lie

rs
.  

(ii)
  

Pi
ec

es
 o

f h
an

d-
ma

de
 fu

rn
itu

re
 a

re
 a

ss
em

ble
d 

by
 th

e 
co

mp
an

y 
in 

a 
fa

r o
ff 

loc
at

ion
. T

he
 

lab
ou

re
rs

 d
o 

no
t k

no
w 

an
yth

ing
 a

bo
ut

 th
e 

fin
al 

pr
od

uc
t w

hic
h 

ut
iliz

es
 th

eir
 w

or
k. 

As
 a

 
ma

tte
r o

f f
ur

th
er

 p
re

ca
ut

ion
, r

ot
at

ion
 o

f la
bo

ur
 is

 d
on

e 
fre

qu
en

tly
.  

(ill
)  

Sk
ille

d 
wo

rk
er

s h
av

e 
be

en
 e

mp
loy

ed
 fo

r a
 lo

ng
 ti

me
. T

he
 co

mp
an

y h
as

 a
de

qu
at

e 
ma

rk
et

 
fo

r t
he

 cr
af

t p
iec

es
 d

on
e 

by
 th

es
e 

ex
pe

rts
.  
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(iv
)  

A 
co

mp
an

y f
un

ds
 th

at 
it a

lw
ay

s h
as

 a
n 

ad
ve

rse
 u

sa
ge

 o
f in

dir
ec

t m
ate

ria
l. I

t w
an

ts 
to 

ap
ply

 
lea

rn
ing

 cu
rve

 th
eo

ry 
to 

im
pr

ov
e t

he
 w

ay
 st

an
da

rd
s h

av
e b

ee
n s

et.
 

((4
 M

ar
ks

)(N
ov

., 2
01

3)

An
sw

er
 

(i)
 

‘Le
ar

nin
g C

ur
ve

 T
he

or
y’ 

wi
ll n

ot 
be

 ap
pli

ca
ble

 as
 al

loy
 co

mb
ina

tio
n o

f th
e i

np
ut 

me
tal

 is
 qu

ite
 

dif
fer

en
t a

mo
ng

 th
e s

up
pli

er
s h

en
ce

 le
ar

nin
g e

xp
er

ien
ce

 w
ith

 on
e t

yp
e o

f m
eta

l m
ay

 no
t b

e 
be

ne
fic

ial
 fo

r t
he

 w
or

ke
rs 

to 
de

al 
wi

th 
oth

er
 m

eta
l w

ith
 se

pa
ra

te 
all

oy
 co

mp
os

itio
n. 

(ii
) 

‘Le
ar

nin
g 

Cu
rv

e 
Th

eo
ry

’ w
ill 

no
t b

e 
ap

pli
ca

ble
 a

s 
in 

th
is 

sit
ua

tio
n 

ro
ta

tio
n 

of 
lab

ou
r i

s 
do

ne
 fr

eq
ue

nt
ly ,

 la
bo

ur
s 

wi
ll 

no
t b

e 
ab

le 
to

 g
et

 th
e 

be
ne

fit 
of

 le
ar

nin
g 

an
d 

ap
ply

 th
eir

 
lea

rn
ing

. H
en

ce
, le

ar
nin

g 
cu

rv
e 

th
eo

ry
 ca

n 
no

t b
e 

ap
pli

ed
. 

(ii
i) 

‘Le
ar

nin
g 

Cu
rv

e 
Th

eo
ry

’ w
ill 

no
t b

e 
ap

pli
ca

ble
 a

s 
in 

th
is 

sit
ua

tio
n 

as
 w

or
ke

rs
 a

re
 s

kil
led

 
an

d 
em

plo
ye

d 
for

 a
 lo

ng
 tim

e,
 th

ey
 h

av
e 

alr
ea

dy
 a

ch
iev

ed
 m

ax
im

um
 le

ve
l o

f e
xp

er
tis

e 
by

 
ta

kin
g 

ad
va

nt
ag

e 
of

 le
ar

nin
g.

 H
en

ce
, a

t t
his

 p
oin

t o
f t

im
e 

lea
rn

ing
 c

ur
ve

 th
eo

ry
 c

an
 n

ot
 

be
 a

pp
lie

d.
 

(iv
) 

‘Le
ar

nin
g 

Cu
rv

e 
Th

eo
ry

’ w
ill 

no
t b

e 
ap

pli
ca

ble
 a

s 
ind

ire
ct 

m
at

er
ial

s 
ar

e 
th

e 
m

at
er

ial
s 

wh
ich

 a
re

 n
ot

 u
se

d 
dir

ec
tly

 in
 th

e 
pr

od
uc

tio
n 

(n
ot

 d
ire

ctl
y 

pr
op

or
tio

na
te

 w
ith

 v
olu

m
e 

of
 

ou
tp

ut
) a

nd
 u

su
all

y 
us

ed
 m

ac
hin

es
 (e

.g
. l

ub
ric

an
ts,

 s
pa

re
s 

pa
rts

 e
tc.

) w
ith

 le
ss

 h
um

an
 

int
er

ac
tio

ns
. 

Ad
ve

rs
e 

us
ag

e 
of

 i
nd

ire
ct 

m
at

er
ial

s 
ca

n 
be

 c
on

tro
lle

d 
th

ro
ug

h 
pr

op
er

 
m

on
ito

rin
g 

an
d 

ap
pr

op
ria

te
 s

ta
nd

ar
d 

se
ttin

gs
 a

nd
 n

ot
 f

ro
m

 a
pp

lyi
ng

 l
ea

rn
ing

 c
ur

ve
 

th
eo

ry
.  
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