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Abstract. Social networking systems originally emerged as tools for keeping up 
with the daily lives of friends and strangers. They have established themselves 
as valuable resources and means to satisfy information needs. The challenge 
with information seeking through social networks is that their immense success 
and popularity is also a weakness. The data deluge facing users has surpassed 
comfortably managed levels and can impact on the quality and relevance of the 
information consumed. We developed a personalized model for predicting the 
relevance of news feed items, in order to facilitate personalized feeds. Results 
of a live analysis show that our approach successfully identifies and promotes 
relevant feed items, with the knock-on effects of increasing interaction between 
users and the contribution of user generated content.  

1 Introduction 

Social media refers to online services and portals that foster user interaction and a 
sense of community, allowing their users to establish and maintain relationships, 
share information, and express opinions. Social media evolved into a class of applica-
tions that build on the foundations of Web 2.0 and allow the creation and exchange of 
user-generated content [9]. Among other social media applications, social networking 
sites (or, in short, social networks – SNs) have gained remarkable popularity, and are 
fast becoming locations, where content is shared and found. Facebook alone reports 
more than 800 million active users (more than half of which log on daily), with an 
average user connected to 80 communities and events, having 130 friends, and using 
the system for about one hour a day [4]. 

The volume of content generated by SN users is enormous, and there seems to be 
no foreseen limits to the growth and diversity of this content. The initial mechanism 
devised for keeping users abreast of the activities of others is the News or Activity 
Feed, a reverse chronologically ordered list showing the activities of friends or fol-
lowees (see two popular examples in Figure 1). The feed typically communicates 
updates and activities carried out by all of a user's friends and followees in one list. 
While simple and easy to understand, the feed was not designed to cope with the huge 
number of friends and followees, or the volume and diversity of content contributed 
nowadays to SNs, and is crumbling under the pressure being placed upon it.  
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Fig. 1. Example news feeds: Facebook (left) and Twitter (right) 

In response to this growing issue, we investigate in this work the use of personal-
ization algorithms, which are common solutions in other information overload situa-
tions, in order to identify the content of news feeds that is most valuable for each user. 
We extend earlier works [7,14] and exploit the observable activities of SN users to 
predict the degree of relevance of the feed items for users. We judge the relevance of 
the feed items using two factors: user-to-user relationship strengths and user-action 
interest scores. Then, we filter the feed to separating relevant news items from noise.  

This paper follows up on earlier work [1] and evaluates the developed feed person-
alization approach as part of a large-scale live user study of an experimental eHealth 
portal. We present an extensive analysis of the uptake of the feeds, as well as of user 
interactions resulting from the feed clicks. The results show that the personalization 
successfully highlights relevant SN activities, assists users in establishing and main-
taining online friendships, and increases contribution of content (wall comments and 
blog posts). Hence, the pivotal contribution of this work is the thorough investigation 
of the impact of personalized activity feeds on user behaviour on a SN site, in particu-
lar on content contribution and friending. 

The rest of this paper is structured as follows. Section 2 surveys related work on 
personalization of SN feeds. Section 3 provides an overview of the Online TWD Por-
tal. Section 4 presents our feed personalization algorithms. Section 5 presents the 
experimental evaluation and discusses the obtained results. Finally, Section 6 con-
cludes the paper and outlines our future research directions.  

2 Related Work 

To facilitate a reorganisation of the news feed, a robust mechanism capable of judging 
the relevance of the users and actions in each feed item is required [3]. Recently, we 
have seen works on predictive models that examine the relationships between users 
and items on SNs, which are ideal for this purpose. Although these works concentrate 
on the development of the models, they pave the way to the application of these mod-
els in personalized algorithms, in order to alleviate the data deluge facing SN users. 

Gilbert and Karaholios developed the tie strength model [7], which classified the 
strength of a relationship between Facebook users as weak or strong based on 74 fac-
tors, divided into seven categories: intensity, intimacy, duration, reciprocal service, 
structure, emotion, and social distance. Paek et al. used SVM-based classifiers to 
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elicit a set of most predictive features and then exploited these features to compute the 
importance of activities included in Facebook news feeds [12]. These works evaluated 
their predictive models with small cohorts of users and, although the models were 
accurate in both cases, the factors included in the models were specific to the SN 
system on which they were generated.  

Wu et al. developed a model for computing professional, personal, and overall 
closeness of users of an enterprise SN [14]. 53 observable SN factors were derived 
and divided into five categories: user factors, subject user factors, direct interaction 
factors, mutual connection factors, and enterprise factors. Freyne et al. developed an 
approach for recommending SN activities of interest based on long- and short-term 
models of content viewing and activities performed by users [5]. They simulated feed 
personalization using offline logs and simulated the events from these logs. Guy et al. 
proposed to consider the content of the activity feeds for profiling users of an enter-
prise SN [8]. These works judged the strength or closeness of users based on their 
online behaviour, observed interactions, and content of their feeds. Our work expands 
the existing models to include activity interest and illustrates a high-value use case of 
personalized news feeds in a live SN. 

3 The Online Total Wellbeing Diet Portal 

The evaluation of the proposed feed personalization approach was conducted as part 
of a large-scale user study of an experimental eHealth portal. The portal aimed to 
support people embarking of the CSIRO Total Wellbeing Diet (TWD) program [11] 
and contained dietary information and tools, as well as typical SN functionalities (see 
Figure 2). The online information mirrored the content of the TWD book and in-
cluded recipes, exercises, menu plans, shopping lists, and other health links. In addi-
tion, the portal included several tools, such as a meal planer and weight tracker, which 
provided users with real-time feedback on decisions and progress [6].  

The goal of the SN was to provide online mutual support for dieters. Each user was 
represented by a profile page, which contained personal information, an image 
 

 

Fig. 2. TWD Online portal 
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gallery, a personal message board (wall) and a blog. The blogs were free-text diaries, 
to which the users could contribute as often as they wished. Privacy restrictions of the 
blogs were set by their owners, but public blogs could be seen by any user. To facili-
tate community-based information sharing, the portal contained a discussion forum. 
Here, the users could ask questions, provide support, seek advice, and discuss ideas 
and thoughts with the community. The forum was monitored by domain experts, who 
answered health-, exercise-, and nutrition-related questions posted by users. 

A key goal of the portal was to support and encourage dieters by exposing them to 
the thoughts and activities of others on the diet. By highlighting activities, like meal 
planning, weighing in, browsing recipes and exercises, and reading/writing blogs, we 
aimed to encourage users to also carry out these activities. By showing the users who 
carries out the activities, we introduced them to like-minded people on which they can 
call for support. Similarly, by providing links to blog and forum, we allowed users to 
provide feedback, support each others, and be inspired to contribute. To this end, it 
was important to make the activities and contributions of others highly visible. Hence, 
our portal included an activity feed, which aggregated the interactions of users with 
the content, tools, and SN (see the interface of the feed in Figure 3).  

 

Fig. 3. SN activity feed 

4 Personalized News Feeds  

The feed presented a target user ut with a list of activities performed by others. Each 
item ix included in the feed references two components: the subject user ux who per-
formed the activity and the action ax that was performed, e.g., wall comments, forum 
posting, or content viewing. When the feed was visualised, both the user name and 
action were hyperlinked, such that clicks on ux, i.e., user clicks, provided access to the 
profile page of the user who performed the activity, whereas clicks on ax, i.e., action 
clicks,  led to the content viewed/contributed by the activity.  

Our personalization algorithm assigns to each feed item a relevance score S(ut,ix), 
which represents the predicted level of interest that a target user ut will have in item ix 
and is computed as a weighted linear combination of a user-to-user score Su(ut,ux) and 
a user-action score Sa(ut,ax), where wu and wa denote the relative weights of the two 
components as seen in Equation 1: 

S(ut,ix)=wuSu(ut,ux)+waSa(ut,ax)                    (1) 

Following the feed mechanisms applied by the popular SNs (see examples in  
Figure 1), we presumed that activities of users with which ut had closer relationships 
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would attract higher interest than activities involving actions of importance to users. 
Hence, we assigned static weights of wu=0.8 and wa=0.2, which emphasise activities 
performed by relevant users.  

The user-to-user relevance score Su(ut,ux) reflects the closeness of a target user ut 
and a subject user ux, derived solely from their online interactions. To compute this 
relevance score, we deployed a modified variant of the tie strength model developed 
in [7], adapted according to the closeness factors proposed in [14]. Some of the origi-
nal factors of [14] were related to the enterprise environment and were found inappli-
cable to the TWD Online portal. Hence, we used four categories of factors: 

- User factors (UF) – online behaviour and activity of the target user ut. 
- Subject user factors (SUF) – online behaviour and activity of the subject user ux. 
- Direct interaction factors (DIF) – direct interactions between ut and ux. 
- Mutual connection factors (MCF) – interaction between ut and {uy} and between 

ux and {uy}, where {uy} is the set of mutual friends of ut and ux. 

The user-to-user relevance score Su(ut,ux) was computed as a linear combination of the 
scores of these four categories of factors:  

Su(ut,ux)=wufSuf(ut,ux)+wsufSsuf(ut,ux)+wdifSdif(ut,ux)+wmcfSmcf(ut,ux)    (2) 

Since the functionality and the components of the enterprise SN presented in [14] 
were similar to those offered by the TWD Online portal, we assigned to the scores of 
these four categories relative weights that are proportional to the original weights 
derived in [14]: wuf=0.178, wsuf=0.079, wdif=0.610, and wmcf=0.133.  

Category scores Suf(ut,ux), Ssuf(ut,ux), Sdif(ut,ux), and Smcf(ut,ux) were computed as a 
linear combination of the scores of the factors belonging to each category. For the UF 
and SUF categories, we derived 32 factors that reflect the individual behaviour of ut 
and ux,. These include the number of forum/blog/wall posts they initiated/answered/ 
rated, the number of active sessions/days, the number of times they updated/viewed 
the content/images in their profiles, and others. Also, we derived 28 factors for the 
DIF and MCF categories that, respectively, reflect the direct interaction between ut 
and ux, and their interaction with the set of their mutual friends {uy}, i.e., the users 
who friended both ut and ux. These factors included the number of answers/ratings to 
each other's forum/blog/wall posts, number of sessions/days they interacted with each 
other, whether they friended each other, duration of their friendship, and others.   

The scores of the factors were computed using the observed frequencies of various 
user interactions with the TWD Online portal and normalised1 to the [0,1] range. The 
scores of the UF and SUF factors were computed in the same manner, but using the 
frequencies observed for users ut and ux, respectively. The scores of the DIF factors 
were computed using the frequencies of direct interactions between the two users. The 
scores of the MCF factors were computed2 by averaging the individual DIF scores 
computed for the two users ut and ux across their mutual friends, i.e., across a set of 
users  {uy}, who are online friends of both ut and ux. Table 1 presents four factors with 
the highest weight within each category.  
                                                           
1 The scores of the UF and SUF factors were normalised by dividing the observed frequency of 

the user by the maximal frequency observed for any other user. The scores of the DIF and 
MCF factors, which involve multiple users, were normalised using Jaccard's similarity coeffi-
cient. Due to space limitations, the details of the normalisation are omitted. 

2 Due to space limitations, the details of this computation are also omitted. 
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Table 1. User-to-user relevance factors and their weights 

UF SUF DIF MCF 
factor weight factor weight factor weight factor weight 

# forum 
posts added 
by ut 

0.02031 # forum 
posts added 
by ux 

0.00899 has ut 
friended ux 

0.07627 has ut 
friended 
{uy} 

0.01656 

# posts in 
ut's blog 

0.02031 # posts in 
ux's blog  

0.00899 # days ut 
interacted 
with ux 

0.04576 # days ut 
interacted 
with {uy} 

0.00994 

# ut's com-
ments in 
blogs of 
others 

0.01015 # ux's com-
ments in 
blogs of 
others  

0.00449 # ut's posts 
in ux's blog 

0.03814 # posts in 
{uy}'s blog 

0.00828 

# images in 
ut's profile 

0.01015 # images in 
ux's profile 

0.00449 # mutual 
friends of ut 
and ux  

0.02670 # mutual 
friends of ut 
and {uy} 

0.00580 

 

In a similar manner, we calculated the user-action interest score Sa(ut,ax). This 
score reflects the importance of action ax for user ut and is informed by the frequency 
of performing the action ax and the frequencies of performing other actions [2]. The 
user-action relevance score Sa(ut,ax) is calculated as shown in Equation 3, where 
f(ut,ax) is the frequency of user ut performing ax, f(ut) is the average frequency of all 
actions performed by ut, f(ax) is the average frequency of all users performing ax, and 
f() is the average frequency of all actions performed by all users. 
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This computation quantifies the relative importance of ax for ut and normalises it by 
the relative importance of ax for all users. The user-action score Sa(ut,ax) computed 
using Equation (3) and the user-to-user score Su(ut,ux) computed using Equation (2) 
are aggregated into the overall feed item score S(ut,ix), as shown by Equation (1). 
Items having the highest predicted scores were included in the feed. 

5 Evaluation 

Over 8000 individuals were recruited to participate in a large scale study of the TWD 
Online portal over a period of 12 weeks in late 2010. The study mainly focused on 
health-related outcomes, such as weight loss and engagement with the diet. 5279  
users participated in the study, but only a portion of these were relevant to the pre-
sented analyses, as not all users had access to the activity feeds and not all those who 
had access interacted with the portal when the personalization became active (after a 
bootstrapping period of one week). Of those who had access to the feeds, each user 
was randomly allocated to an experimental group at recruitment time, such that half 
were exposed to personalized and half to non-personalized feeds. Users in the person-
alized group were shown personalized feeds, in which the items were scored as de-
scribed in Section 3, while users in the non-personalized control group were presented 
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with chronologically ordered feeds. By default, the feeds included 20 items (with the 
highest scores or most recent timestamps), but the users could adjust this parameter.  

5.1 Activity Feed Uptake 

Overall, the level of user interaction with the news feed was lower than expected, 
with 137 users generating 530 feed clicks over the course of the study3. Table 2 sum-
marises the number of users who interacted with the feed, i.e., clicked on feed items, 
the number of sessions that included feed clicks, the overall number of logged clicks 
and their breakdown into user clicks (on the user name) and action clicks (on the ac-
tion that was carried out), and the user- and session-based click through rates, CTRu 
and CTRs [13], computed as the ratio between the overall number of clicks and the 
number of users and sessions, respectively, as observed for both groups. 

Table 2. Feed uptake 

 users sessions clicksu clicksa clicks CTRu CTRs 
personalized 64 125 159 87 246 3.844 1.968 
non-personalized 73 159 155 129 284 3.890 1.786 

 

We note that users interacted more with the non-personalized feeds (both the num-
ber of users and overall numbers of clicks), but the observed CTRu was comparable. 
However, the personalized feeds appear to provide more relevant information, as 
communicated by their higher session-based CTRs. Note that the percentage of user 
clicks in the personalized feeds was 64.6%, in comparison 54.6% in the non-
personalized feeds. That is, users in the personalized group were more interested in 
the subject users who performed the activities than users in the non-personalized 
group. This can be explained by the weighting mechanism of Equation (1), which 
assigned 80% of the overall weight to Su(ut,ux) and only 20% to Sa(ut,ax). Thus, activi-
ties of users with high user-to-user score dominated over activities with high user-
action score, and this was reflected by the higher percentage of user clicks. 

We compared the average number of feed clicks per session with clicks for each 
group. Table 3 shows the percentage of sessions, in which N (from 2 to 12) feed 
clicks or more occurred. For example, in 42.4% of sessions where personalized feeds 
were presented and at least one feed click was logged, two or more feeds clicks were 
recorded, while for the non-personalized feeds two or more clicks were recorded in 
37.1% of sessions. The percentage of sessions with multiple clicks in the personalized 
group was consistently higher than those observed in the non-personalized group, 
although no statistically significant difference was detected4. Overall, the higher CTRs 
and rate of sessions with multiple clicks show that the personalized feeds attracted 
more user attention and, thus, deemed more relevant than the non-personalized feeds. 

                                                           
3 A small portion of clicks were omitted from the analyses due to technical issues that resulted 

in unreliable user logs. 
4 All statistical significance results refer to a two tailed t-test assuming equal distribution.  
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views resulted in wall posts, showing that users view profiles not only when they 
intend to write wall messages. Furthermore, significant increases in the contribution 
to blogs and forums were made by users viewing personalized feeds, when compared 
to non-personalized feeds. Thus, personalization sparked social interactions with other 
users and encouraged contribution of content to blogs and forums, as intended.  

Refining this analysis and concentrating on activities immediately following the 
feed clicks, Table 5 summarizes the average number of SN-related activities recorded 
within five user activities following a feed click5. We note similar trends: higher lev-
els of blog and forum contributions, profile views, and wall posts within the immedi-
ate activities following clicks. The most frequent activity to follow a click was profile 
viewing. Note that in this case, the majority of forum and blog activities were con-
sumption rather than contribution. This is in line with prior research, which showed 
that consumption of user-generated content normally exceeds contribution [10]. 

Table 5. Five activities following feed clicks 

 blog bl-cont bl-cons forum f-cont f-cons profile wall 
personalized 0.760 0.187 0.573 0.407 0.041 0.366 1.825 0.037 
non-personalized 0.630 0.095 0.535 0.394 0.007 0.387 1.429 0.018 

 

Overall, the personalization of activity feeds had a prolific impact on activities car-
ried out on the TWD Online portal. It increased the volume of traffic to the user pro-
files, social interactions through message walls, and contribution of user-generated 
content to blogs and forum. Thus, personalization played an important role in the 
sustainment of the social features of the portal. The contribution of user-generated 
content is pivotal for the sustainability of any SN, as it invites users to return for fur-
ther interactions with the portal and increases user engagement. Likewise, it is impor-
tant in facilitating social support for users embarking on the diet, which, from the 
health perspective, was the primary goal of the TWD Online portal.  

5.4 Feeds and Friending 

The developed relevance scoring mechanism inherently presumes that users are more 
interested in the information pertaining to the actions of their articulated group of online 
friends in preference to information relating to other portal users. To this end, we ex-
amined the links between online relationships and feed clicks. It should be noted that the 
TWD Online portal is not a typical friendship-based SN reflecting offline friendships; 
very few users were familiar with other participants prior to the study.  

Of the 246 clicks logged in the personalized feeds, in 79 cases (or 32.1%) the tar-
get and subject user established an online friendship over the course of the study. In 
the non-personalized feeds, this happened in 78 cases out of the 284 logged clicks (or 
27.4%). Thus, the ratio of clicks on items representing activities of friends in the per-
sonalized feeds was higher than in the non-personalized feeds. We hypothesise that 

                                                           
5 Feed clicks themselves were excluded and only five activities after the click were analysed. 

The sum of each row is less than 5, as health- and content-related activities were excluded. 
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6 Conclusions and Future Work 

This work was motivated by the aggravating information overload problem in SNs, 
which is only exacerbated by the simplistic nature of network news  feeds. We devel-
oped a personalized model for predicting the relevance of news feed items to an indi-
vidual and applied this model to produce personalized news feeds to participants of a 
live study of an online diet portal. This paper discusses the observed impact of the 
personalization on user interactions with the portal and other participants.  

The results show that the uptake of the personalized feeds was higher than of the 
non-personalized ones, which had a prolific impact on the sustainability of the SN. 
Firstly, the personalized feeds appears to promote items of higher relevance  within 
the news feeds, assisting the users in the identification of relevant activities. Secondly, 
it was found that the personalized feeds increased the contribution of user-generated 
content to the forum, blogs, and walls. This was observed both for immediate activi-
ties following the feed clicks and for the entire duration of the sessions. Thirdly, the 
personalized feeds highlighted the activities performed by online friends, while not 
limiting user awareness of activities of other SN users.  

In the future, we plan to revise the scoring model and investigate the appropriate-
ness of its adaptation to the domain and application in hand. We also plan to ascertain 
the accuracy of the user-action scoring, as it was not based on extensive prior re-
search. We intend to extensively evaluate these in a large-scale live user study. 
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