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Abstract

We analyze the role that popularity and novelty play in attracting

the attention of users to dynamic websites. We do so by determining

the performance of three di�erent strategies that can be utilized to

maximize attention. The �rst one prioritizes novelty while the sec-

ond emphasizes popularity. A third strategy looks myopically into

the future and prioritizes stories that are expected to generate the

most clicks within the next few minutes. We show that the �rst two

strategies should be selected on the basis of the rate of novelty decay,

while the third strategy performs sub-optimally in most cases. We also

demonstrate that the relative performance of the �rst two strategies

as a function of the rate of novelty decay changes abruptly around a

critical value, resembling a phase transition in the physical world.
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1 Introduction

As millions of people use the web for their social, informational, and

consumer needs, content providers vie for their limited attention by

resorting to a number of strategies aimed at maximizing the number

of clicks devoted to their web sites [1]. These strategies range from

data personalization and short videos to the dynamic rearrangement

of items in a given page, to name a few [2, 3, 8]. In all these cases the

ultimate goal is the same: to draw the attention of the visitor to a

website before she proceeds to the next one [4]. Obviously, the more

interesting and relevant the site the more valuable it will be to users.

In addition, since users need to decide among the existing plethora of

links and sites, their popularities are a determinant of their success,

for people often click on given links for no other reason than the fact

that many others do. If we add the fact that without novelty attention

tends to decay in time, one has a �rst order list of the requirements

for capturing people’s attention.

Within this context, we have recently shown that there is a strong

interplay between novelty and collective attention, which is universally

manifested in a rather swift initial growth of the number of people

looking at a new item within a site and its eventual slowdown as

interest fades among the population [7]. This result suggests that

ordering the links of a given page by their novelty can guarantee a high

degree of attention. This is indeed the case in many news websites,

notably digg.com.

And yet, given the role that popularity plays in attracting the

attention of users, a natural question arises as to whether alternative

orderings, like one giving priority to popularity over novelty, might

not do better at attracting viewers to a site.

This paper answers this question by taking the dynamics of col-

lective attention to a �ner level of detail and examining the role that

popularity and novelty play in determining the number of clicks within

a given page. In particular, we study three di�erent strategies that

can be deployed in order to maximize attention. The �rst strategy

prioritizes novelty while the second emphasizes popularity. The third

strategy looks myopically into the future and prioritizes stories that

are expected to generate the most clicks in the next few minutes. We
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show that the �rst two strategies should be selected on the basis of the

rate of novelty decay, while the third strategy performs sub-optimally

in most cases. Most interestingly, we discover that the relative perfor-

mance of the �rst two benchmark strategies as a function of the rate

of novelty decay switches so sharply around some critical value that

it resembles phase transitions observed in the real world.

The work is organized as follows. We �rst study the question

of whether or not the location of a link in a page determines the

overall number of clicks in a given time interval. Having answered

this in the a�rmative through an empirical study of digg.com, we

then proceed to introduce a set of indexes whose values determine

the optimal strategy to be pursued in order to maximize attention to

a page. Using measured values of the rate of decay from digg.com

we built a realistic simulator to collect statistically signi�cant data to

measure each of the indices introduced.

We then study the performance of each of these indices as a func-

tion of the decay rate and show which strategy optimizes viewing for

given values of the decay. Most importantly we compute a full phase

diagram that indicates at a glance the optimal strategy to use given

the parameter values of the site. This phase diagram exhibits a sharp

boundary between the choice of prioritizing novelty over popularity,

thus resembling a phase transition.

Finally we summarize our results and discuss their implications for

the design of dynamic websites.

2 Location matters

In this section we study how the order in which links are placed within

a webpage (e.g. the news stories of digg.com) determines the number

of clicks within a certain time frame. Assume that time 
ows discretely

as t = 0; 1; 2 : : : minutes. Let Nt denote the number of clicks, or digg

number of a story in digg.com, that appeared on the website t minutes

ago (in this case we say that the story has lifetime t). As we showed

earlier [7] the growth of Nt satis�es the following stochastic equation:

Nt+1 = Nt(1 + artXt); (1)
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where rt is a novelty factor that decays with time and satis�es r0 = 1,

Xt is a random variable with mean 1, and a is a positive constant.

This equation takes into account two important factors that to-

gether determine the growth of collective attention: popularity and

novelty. The popularity e�ect is captured by the multiplicative form

of Eq. (1), and the novelty e�ect is described by rt. All other factors

are contained in the noise term Xt.

We next take the analysis to a �ner level by considering a third

position factor. A news story displayed at a top position on the front

page easily draws more attention than a similar story placed on later

pages. Hence the growth decay art should depend on the physical

position at which the story is posted.

In the speci�c case of digg.com, its front page is divided into 15

slots, being able to display 15 stories at a time. The stories are always

sorted chronologically, with the latest story at the top. If we label

the positions from top to bottom by i = 1; 2; : : : ; 15, we can modify

Eq. (1) to allow for an explicit dependency of a on i:

Nt+1 = Nt(1 + airtXt); (2)

where ai is a position factor that decreases with i.

The assumption that the novelty e�ect and the position e�ect can

be separated into two factors rt and ai needs to be tested empirically.

To this end we tracked the growth rate for each slot, rather than for

each story. For multiplicative models it is convenient to de�ne the

logarithmic growth rate

st = log Nt+1 � log Nt: (3)

When a is small (which is always true for short time periods) we have

from Eq. (2)

si
t � airtXt (4)

for a story placed at position i at time t. Taking expectation of both

sides, we have

Esi
t � airt; (5)

since EXt = 1.

The logarithmic growth rate si
t can be measured as follows. For

each �xed position i, if a digg story appears on that position at both
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