
A
C

ustom
er

P
urchase

Incidence
M

odel
A

pplied
to

R
ecom

m
ender

S
ervices

W
E

B
K

D
D

2001
A

ugust26,2001,S
an

Francisco,C
A

A
ndreas

G
eyer-S

chulz,
Inform

ationsdienste
und

E
lektronische

M
ärkte,U

niversitätK
arlsruhe

(T
H

),D
-76128

K
arlsruhe.

M
ichaelH

ahsler,
Inform

ationsw
irtschaft,W

irtschaftsuniversitätW
ien,A

-1090
W

ien.

M
axim

illian
Jahn,

Inform
ationsw

irtschaft,W
irtschaftsuniversitätW

ien,A
-1090

W
ien.

M
IC

H
A

E
L

H
A

H
S

LE
R

-
1

-
S

E
P

T
E

M
B

E
R

3,2001



Tab
le

of
C

ontents
�

Introduction
and

M
otivation

�

R
ecom

m
endations

for
a

B
roker

S
ystem

�

E
hrenberg’s

R
epeat

B
uying

T
heory

for
B

undles
of

Inform
ation

P
roducts

�

A
S

m
allE

xam
ple

�

F
irstE

m
piricalR

esults

�

F
urther

R
esearch

M
IC

H
A

E
L

H
A

H
S

LE
R

-
2

-
S

E
P

T
E

M
B

E
R

3,2001



Introduction

1.W
e

transfer
a

consum
er

purchase
incidence

m
odel

to
W

eb-
based

inform
ation

products,and

2.w
e

build
an

anonym
ous

recom
m

ender
service

based
on

repeated
cross-selling.

W
e

use:

�

Inform
ation

m
arket(broker)

�

Inform
ation

products
(W

eb-sites)

�

O
bserved

consum
er

behavior
(purchases

ofinform
ation

products)

�

M
arketbaskets

(W
eb

brow
ser

sessions)

�

Item
-to-item

sim
ilarity,correlation

�

N
o

purchase
history

(anonym
ous

users)
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A
d

vanta
g

es
of

R
ecom

m
ender

based
on

the
C

ustom
er

P
urchase

Incidence
M

odel
�

O
bserved

consum
er

behavior
is

the
m

ostim
portantinform

ation
for

predicting
consum

er
behavior

online
and

offline.

�

M
arket

basket
analysis

show
s

up
to

70
percent

cross-selling
potential.

�

Facilitates
“repeat-buying”.

�

N
otsubjectto

incentive
problem

s
ofexplicitrecom

m
endations.

(Transaction
costoffakes

high,no
free-riding,...)

�

P
rivacy

preserved
(anonym

ous
service).

�

Low
transaction

costfor
broker,fully

autom
atic.

(N
o

editor,author,w
eb-scout,...)
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A
n

M
otiv

ational
E

xam
ple
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R
ecom

m
endation

I-
Inform

ation
M

arket
w

ith
B

roker

B
roker

MM

M
M

M

MIV

m
eta

inform
ation

inform
ation

product
(w

eb-site)

view
s

internal links

I I
I

I

V
V

V

Internet

I

external links

I1.W
e

treatw
eb-sites

as
inform

ation
products.

2.F
ollow

ing
an

externallink
=

purchase
ofan

inform
ation

product
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R
ecom

m
endation

II-
P

rob
lem

s
�

C
o-occurrence

of
com

binations
of

W
eb-sites

used
in

sessions
(cross-selling)

�

R
epeatcross-selling

�

A
nonym

ous
user

sessions

Q
uestions

�

H
ow

to
m

easure
repeat

usa
g

e
for

anon
ym

ous
user

sessions?

�

W
hic

h
co-occurrences

qualify
as

non-random
?

�

H
ow

m
any

products
should

be
recom

m
ended?

�

H
ow

should
the

recom
m

endations
be

presented?
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E
hrenberg’s

R
epeat

B
uying

T
heory

I
�

D
escriptive

theory
ofconsum

ption
behavior

�

G
eneralization

ofregularities

�

S
trong

em
piricalevidence

forseveralhundred
consum

erproduct
m

arkets
since

the
1950’s

O
f

the
thousand

and
one

variables
w

hich
m

ight
affect

buyer
behavior,

it
is

found
that

nine
hundred

and
ninety-nine

usually
do

notm
atter.

M
any

aspects
ofbuyerbehaviorcan

be
predicted

sim
ply

from
the

penetration
and

the
avera

g
e

purchase
frequenc

y
ofan

item
,and

even
these

tw
o

variables
are

interrelated.

A
.S

.C
.E

hrenberg,1988
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E
hrenberg’s

R
epeat

B
uying

T
heory

II
C

onsum
er’s

decision:
1.W

hether/W
hen

does
a

consum
er

buy
a

certain
product-class?

2.Ifso,w
hatbrand

does
he

buy?
(brand

choice)

->
F

orm
alizing

the
purchase

process:

�

C
onceptofthe

“purchase
occasion”

�

A
nalysis

variables

1.analysis
period

2.penetration
-

proportion
ofcustom

ers
w

ho
boughtthe

product
3.average

purchase
frequency

-average
num

beroftim
es

the
product

is
bought

�

M
arketis

in
equilibrium

(stationary
condition)
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E
hrenberg’s

R
epeat

B
uying

T
heory

III

M
odels

and
param

eters:
�

N
egative

binom
ialdistribution

(N
B

D
)

m
odel

-m
-

A
verage

num
ber

ofpurchases
per

inform
ant

-k
-

N
egative

binom
ial

exponent
(estim

ated
w

ith
penetration

b
)

�

Logarithm
ic

series
distrib

ution
(LS

D
)

m
odel:

A
sim

pler
m

odelw
here

the
penetration

is
unknow

n
butbelow

20
%

-q
-

estim
ated

from
w

(average
num

ber
ofpurchases

by
buyer

=
m

ean
purchase

frequency)

�

D
irichletm

odel
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T
he

LS
D

M
odel

tim
e

a purchase
incidence

Intependent S
tochastic P

urchase P
rocesses 

for P
roduct 

x or P
roduct-C

lass 
x

1
2

3
4

5
n

...

custom
er

num
ber of repeat purchases r 

per custom
er

1
2

3
4

5
6

7
8

frequency F
requency distribution of 

R
epeat P

urchases
for A

nalysis period t...

Integration

1.P
urchase

processes
of

custom
ers

follow
independent,

stationary
P

oisson
processes

2.T
he

param
eters

µ
follow

a
truncated

Γ
-distribution

->
T

he
frequency

distr.
follow

s
a

logarithm
ic

series
distribution
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LS
D

M
odel:

P
roof

1.T
he

probability
p

r
that

a
buyer

m
akes

r
purchases

is
P

oisson
distributed:

e �

µµ
r

r!
2.W

e
integrate

over
allbuyers

in
the

truncated
Γ

-distribution:

p
r

�

c
∞δ

� e �
µµ

r

r!
�� e �

µ� a
µ

� dµ

�

cr!

∞δ
e �

� µ�

µ� a�µ
r �

1d µ

�

cr!

∞δ
e �

� 1�

1� a� µ � 1	

1
 a� r �
1

� 1	

1
 a� r �
1 µ

r �

1dµ

�

c
r!� 1	

1
 a� r �

1

∞δ
e �

� 1�

1� a� µ�� 1	
1
 a� µ� r �

1d µ

�

c
r!� 1	

1
 a� r �

1

∞δ
e �

� 1�

1� a� µ�� 1	

1
 a� µ� r �

1
1

� 1	

1
 a� d� 1	

1
 a� µ
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p
r

�

c
r!� 1	

1
 a� r

∞δ
e �

� 1�

1� a� µ�� 1	

1
 a� µ� r �

1d� 1	

1
 a� µ

S
ince

δ
is

very
sm

all,
forr

�

1
and

setting
t �

� 1	

1
 a� µ
this

is
approxim

ately

p
r �

c

r!� 1	

1a � r
Γ� r�

�
c

� 1	

1a � rr
�

c q
rr

�

q
p

r �
1 � r 


1�
 r
w

ith
q

�

a
1�

a .

3.If
∑

p
r �

1
for

r

�

1
,

w
e

get
p

1

�
�

q
ln� 1 �

q�
and

p
r �

�

q
r

rln� 1 �

q� .
(H

ow
ever,this

is
the

LS
D

.q.e.d.)
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LS
D

M
odel:

U
sa

g
e

T
he

logarithm
ic

series
distribution

(LS
D

)
describes

how
m

any
buyers

buy
a

specific
product

1
,

2
,

3
,

...
tim

es
(w

ithout
taking

into
accountthe

num
ber

ofnon-buyers):

P
� r

purchases���

�

q
r

rln� 1

�

q� �

r

�

1
(1)

M
ean

purchase
frequency:

w �

�

q
� 1
�

q� ln� 1

�

q�

(2)

V
ariance:

σ
2�

�
q

1�
q

ln� 1 �
q�

� 1

�

q� 2ln� 1
�

q�

(3)
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LS
D

M
odel:

A
ssum

ptions
�

S
hare

of
never-buy

ers
in

the
population

is
not

specified.

->
True

for
m

ostservices
on

the
W

eb

�

P
urchases

of
a

consum
er

in
successive

periods
follo

w
a

P
oisson

distrib
ution

w
ith

a
certain

long-run
avera

g
e

µ
.

->
P

urchases
tend

to
be

independentofprevious
purchases

and
they

occur
in

such
an

irregular
m

anner
that

they
can

be
regarded

as
if

random

�

T
he

distrib
ution

ofµ
in

the
population

follo
w

s
a

truncated
Γ

-distrib
ution.

->
A

quite
generalshape

and
also

follow
s

independence
assum

ptions

�

T
he

m
arket

is
in

equilibrium
(stationar

y).

->
E

m
piricalanalysis

show
s

thatm
ostm

arkets
forconsum

erproducts
are

m
ostofthe

tim
e

in
a

near
equilibrium

state.
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C
om

bination
of

products
�

Tw
o

products
x,i

�

Tw
o

independent
purchase

processes
(P

oisson
processes

w
ith

m
eansµ

x
and

µ
i )p
r� x�

i� �

e �

µ
xµ

rx

r!
e �

µ
iµ

ri

r!
(4)

p
r� i� x� �

p
r� x�

i�
p

r� x� �
e �

µ
xµ

rx
r!

e �

µ
iµ

ri
r!

e �

µ
xµ

rx
r!

�

e �

µ
iµ

ri

r!
(5)

->
T

he
frequency

distribution
follow

s
again

LS
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C
onsum

er
P

anel
vs.

B
ro

w
ser

S
essions

T
he

repeatbuying
theory

uses
inform

ation
from

consum
er

panels

C
onsum

er
P

anel
B

row
ser

S
essions

consum
er

products
w

eb-sites
purchase

incidence
selection

ofa
w

eb-site
num

ber
ofitem

s
boughtignored

repeatvisits
per

session
ignored

package
size

ignored
num

ber
ofpages

brow
sed

ignored
identity

ofcustom
er

know
n

anonym
ous

user
sessions

purchase
history

know
n

history
unknow

n
non-buyers

know
n

non-buyers
unknow

n

�

B
row

ser
sessions

can
be

used
as

consum
er

panels
w

ith
unobser

ved
consum

er
identity

.
T

he
identity

is
not

needed
to

use
the

m
odelatthe

aggregate
level!

�

N
on-buyers

are
notneeded

for
the

LS
D

m
odel
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B
ack

to
the

prob
lem

s

1.H
ow

to
m

easure
repeat

usa
g

e
for

anon
ym

ous
user

sessions?

T
he

m
odelalready

im
plies

repeat-buying
in

aggregated
data.

2.W
hic

h
co-occurrences

qualify
as

non-random
?

T
he

m
odel

is
based

on
strict

independence
assum

ptions.
It

estim
ates

the
probability

that
a

product
com

bination
is

used
togetherr-tim

es
by

chance.

W
e

expect
non-random

choices
(com

plem
entarity

betw
een

tw
o

products)
to

occur
m

ore
often

than
the

m
odelw

ould
predict.
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A
lgorithm

1.C
om

pute
for

all
inform

ation
products

x
in

the
brow

ser
sessions

the
frequency

distributions
for

repeat-purchases
ofthe

co-occurrences
of

x
w

ith
other

inform
ation

products
in

a
session.

2.D
iscard

allfrequency
distributions

w
ith

less
than

l
observations.

3.F
or

each
frequency

distribution:

(a)
C

om
pute

the
rob

ust
m

ean
purchase

frequency
w

by
trim

m
ing

the
x

percentile
ofthe

high
repeat-buy

pairs.
(b)

E
stim

ate
the

param
eterq

for
the

LS
D

-m
odelfrom

w

�

�

q

� 1 �

q�� ln� 1 �

q��

(c)
A

pply
a

χ
2-goodness-of-fit

test
w

ith
a

suitable
α

betw
een

the
observed

and
the

expected
LS

D
distribution

w
ith

a
suitable

partitioning.
(d)

D
eterm

ine
the

outliers
in

the
tail.

(e)
F

inally,prepare
the

listofrecom
m

endations
forinform

ation
product

x,ifthe
LS

D
-m

odelis
significantand

outliers
exist.
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A
S

m
all

E
xam

ple
I

Ja
va

C
o

d
e

E
n

g
in

e
e

rin
g

&
R

e
ve

rse
E

n
g

in
e

e
rin

g
1

.
F

re
e

P
ro

g
ra

m
m

in
g

S
o

u
rce

C
o

d
e

2
.

S
o

ftw
a

re
e

n
tw

icklu
n

g
:

Ja
va

3
.

D
e

ve
lo

p
e

r.co
m

4
.

Ja
va

-E
in

fu
e

h
ru

n
g

5
.

T
h

e
Ja

va
T

u
to

ria
l

6
.

JA
R

F
ile

s
7

.
T

h
e

Ja
va

B
o

u
tiq

u
e

8
.

C
o

d
e

C
o

n
ve

n
tio

n
s

fo
r

th
e

Ja
va

(T
M

)
P

ro
g

ra
m

m
in

g
L

a
n

g
u

a
g

e
9

.
W

o
rkin

g
w

ith
X

M
L

:
T

h
e

Ja
va

(T
M

)/X
M

L
T

u
to

ria
l

1
0

.
Ja

va
H

o
m

e
P

a
g

e
1

1
.

Ja
va

C
o

m
m

e
rce

=
=

=
C

u
t

=
=

=
=

=
=

=
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=
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=
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=
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=

=
=

1
2

.
C

o
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o
f
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va

A
p

p
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3
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E
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e
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E
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a
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g
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=
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=
C

u
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=
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=
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=
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=
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T

h
e

G
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U
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P
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5
.

M
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E
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u
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:
T

u
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1
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.
H

o
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crip
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m
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1
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U
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A
S

m
all

E
xam

ple
II

#
F

ile
:

w
u

0
1

_
7

4
(M

o
n

M
a

y
7

1
6

:4
8

:3
7

2
0

0
1

)
#

R
o

b
u

stify
le

ft
m

e
a

n
:

1
.4

6
0

8
6

9
5

6
5

2
1

7
3

9
,

e
stim

a
te

d
q

:
0

.5
1

1
0

9
0

9
2

#
R

e
p

r
f(x)o

b
f(x)th

e
o

1
-F

(x)o
b

1
-F

(x)th
e

o
1

8
7

8
3

.5
6

5
4

1
9

1
1

7
1

1
7

2
1

7
2
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F
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E
m
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R
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Q
uestions:

1.H
ow

w
elldoes
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LS

D
-m
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actualdata?

2.A
re
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recom
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V
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A
dm
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Face
V

alidation
of

R
ecom

m
endations

S
am

ple:
�

R
ecom

m
endation

lists
for

100
inform

ation
products

w
ere

random
ly

selected
(from

the
generated

1827
lists)

�

F
or

these
products

59750
co-occurrences

w
here

found

�

T
he

lists
contain

1259
outliers

(recom
m

endations)

�

E
ach

of
the

1259
recom

m
endations

w
as

inspected
for

plausibility

P
ercenta

g
e

of
plausib

le
recom

m
endations:

�

31
lists,significantLS

D
-m

odel,87� 71
%

�
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D
m

odelnotsignificant,89 �45
%

�
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χ
2

test,75� 74
%
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E
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stillseem
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outliers
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C
ontrib

ution
of

this
w

ork
�

A
nonym

ous
W

eb
brow

ser
sessions

as
consum

er
panels

w
ith

unobserved
identity.

�

E
vidence

thatinform
ation

products
also

follow
the

repeat-buying
patterns

form
alized

by
the

repeat-buying
theory.

�

E
vidence

that
the

repeat-buying
theory

provides
a

good
foundation

to
produce

valuable
recom

m
endations.
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F
urther

R
esearch

�
E

stablishing
an

em
pirical

base
for

the
validity

of
repeat-buying

m
odels

forinform
ation

products
stillrequires

additionalevidence
and

careful
investigation

of
additional

data
sets.

E
.g.

Test
the

m
odel’s

assum
ptions

using
a

personalized
a

recom
m

ender
system

.

�

E
lim

ination
of

deficiencies
of

the
current

version
of

the
anonym

ous
recom

m
ender

service
used

for
this

paper:

-
A

void
non-hom

ogeneous
age

structure
ofproducts

-
Include

tim
e

inform
ation

to
analyse

fashions,em
erging

trends,...
-

A
nalyse

the
influence

of
linking

from
organizational

units
of

the
university

directly
to

selected
parts

ofthe
broker.

�

C
om

pare
the

system
w

ith
other

approaches
(association

rules
using

support/confidence,chi-squared
testfor

correlation).

�

R
eview

the
literature

about
custom

er
incidence

m
odels

and
evaluate

their
utility

for
inform

ation
productm

arkets.
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