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ABSTRACT

Many small online communities would benefit from in-
creased diversity or activity in their membership. Some
communities run the risk of dying out due to lack of par-
ticipation. Others struggle to achieve the critical mass nec-
essary for diverse and engaging conversation. But what
tools are available to these communities to increase partici-
pation? Our goal in this research was to spark contributions
to the movielens.org discussion forum, where only 2% of
the members write posts. We developed personalized invi-
tations, messages designed to entice users to visit or con-
tribute to the forum. In two field experiments, we ask (1) if
personalized invitations increase activity in a discussion
forum, (2) how the choice of algorithm for intelligently
choosing content to emphasize in the invitation affects par-
ticipation, and (3) how the suggestion made to the user af-
fects their willingness to act. We find that invitations lead
to increased participation, as measured by levels of reading
and posting. More surprisingly, we find that invitations
emphasizing the social nature of the discussion forum are
effective, while invitations emphasizing non-social aspects
of the discussion are less so.
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INTRODUCTION

Vibrant online communities offer ways for people with
common interests to connect and organize their contribu-
tions for common purpose. Many online communities, es-
pecially those providing member-contributed content, con-
tain both an archive of domain information and a social
space where members exchange information and interact
[18]. Typically, visitors first “lurk” at the periphery of the
information space; later some of them become active par-
ticipants in the social space [15].

Not all communities are equally successful. Some commu-
nities have a sufficient or excessive volume of posts, and
may wish to encourage lurking over posting [15]. Other
communities die from lack of participation. Butler found
that over 50% of a large and diverse sample of email-based
groups failed to receive a single message over the course of
a four month study [4]. These communities might be helped
by the presence of additional posters, who will contribute
content, or even by additional lurkers, whose visible pres-
ence can help encourage contributions from other users
[16]. MovieLens (http://movielens.org), the movie recom-
mendation community which is the site of the research re-
ported here, is one such community that would benefit from
increased posting and lurking: only 19% of members visit
its discussion forum, and only 2% write posts.

What tools are available to online communities to increase
the level of participation? One class of tools is designed
incentives, mechanisms built into a software interface that
encourage or motivate users. It has become common for
online systems to make visible some display of users’ repu-
tation and grant enhanced system privileges to users who
contribute more or better content. For example, Yahoo!
Answers participants  (http://answers.yahoo.com) earn
“points” and “levels” for contributing answers of any qual-
ity, and Slashdot members (http://slashdot.org) are allowed
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some powers as forum moderators and meta-moderators
after earning enough “karma” from activities such as writ-
ing high quality posts.

In this research, we explore personalized invitations, a par-
ticular type of designed incentive. Personalized invitations
encourage members to visit or post in a discussion forum
by augmenting the user interface to emphasize the presence
of interesting content. The success of personalized invita-
tions relies on intelligent computation to generate appropri-
ate content for display, as well as appropriate presentation
to maximize the visibility and potential effectiveness of the
appeal.

There is reason to believe that displaying invitations to us-
ers may lead to action. A fundamental principle in human
behavior is that people do things to minimize their behav-
ioral costs or effort. Zipf [23] identified this principle in the
1940s, using it to account for humans’ tendencies to de-
velop shorter words as the words become more frequent in
a language (e.g., “television” compressing to “TV”), to
communicate most with people who are close by, and to
select the pie closest to the front of the freezer. This princi-
ple helps explain why people make decisions heuristically,
rather than through a rational analysis of costs and benefits
[20], and why they use heuristic processing of persuasive
messages rather the more systematic analysis of the evi-
dence that a message presents [5].

We further believe that the use of personalization to tailor
the content of an invitation to a particular user will improve
on a non-personalized call to action. Prior work in recom-
mender systems has shown that personalization can help
users make decisions when faced with uncertainty [10]. E-
commerce Web sites have used this knowledge to build
personalized interfaces to increase sales [19]. In addition,
Internet users claim to prefer personalized content to non-
personalized content [9].

We measure the success of personalized invitations by the
degree to which they increase the amount of activity in a
discussion forum. Since this research is focused on com-
munities that suffer from too low a level of activity, the
amount of activity in the forum is an important indicator of
success. We measure total activity in terms of posts read
and written.

In the following sections, we describe and evaluate algo-
rithms and interfaces for delivering invitations. At the high-
est level, we find:

Invitations emphasizing the social nature of the discus-
sion forum increased user activity, while invitations
emphasizing other details of the forum were less suc-
cessful.

The results from this research can be used by designers who
wish to increase participation in a discussion forum. Intelli-
gent algorithms can relate users in the community with one
another to as a way of breaking the ice and encouraging
new relationships. And new interfaces can emphasize social

features such as the names of other users and recent post
text to emphasize the presence of interesting people and
discussions.

RESEARCH QUESTIONS
We have three questions we wish to answer:

RESEARCH QUESTION 1: OVERALL. Do personalized
invitations lead to increased participation?

RESEARCH QUESTION 2: ALGORITHMS. Do different al-
gorithms for choosing the content of the invitation af-
fect users’ response rates?

RESEARCH QUESTION 3: SUGGESTIONS. How does the
suggestion made in the invitation affect users’ willing-
ness to act?

These questions are broad, and could be investigated in a
variety of ways. We have chosen to pursue our investiga-
tion in the context of MovieLens, because this site offers us
the opportunity to run controlled field experiments with
large numbers of users. MovieLens offers an abundance of
data about users’ movie preferences, and allows us to track
both posting and reading behavior.

In the subsequent section, we describe MovieLens and its
discussion forum, in order to provide some sense for the
opportunities for designing personalized invitations. We
follow this with a description of the general framework for
generating personalized invitations. Finally, we report on
two iterative field experiments in which we evaluate several
variants of personalized invitations that represent interest-
ing points in the design space.

RESEARCH CONTEXT

MovieLens is a movie recommendation web site where
people rate movies and receive movie recommendations.
The site has more than 100,000 registered users, and aver-
ages over 2,000 unique visitors each month. MovieLens
collects movie ratings from its users, and uses automated
collaborative filtering [17] to generate personalized rec-
ommendations.

In June 2005, MovielLens was augmented to include a dis-
cussion forum. MovieLens’s forum (based on open-source
mvnForum) is a non-hierarchical, threaded conversation
space with two main areas of conversation: one for talking
about movies, and the other for talking about MovieLens.
These forums are publicly visible, but posting requires
(free) registration.

While the discussion forum has attracted some dedicated
users, the number of regular forum users is a small fraction
of the total number of MovieLens users. Of the approxi-
mately 12,000 unique members who have visited MovielL-
ens since the launch of the forums, only 19% have visited
the forums, and only 2% have posted one or more mes-
sages. Of the people who read the forums, 88% are lurkers
(people who read but do not post). Lurkers may help in-
crease participation, by motivating posters [16]. MovieLens



shows the presence of lurkers by displaying read counts
next to threads, and by showing a list of online users on the
front page of the forum.

One distinguishing feature of the MovieLens forums is its
ability to recognize and understand references to movie
titles in posts [7]. Recognized movies are hyperlinked and
recommendation information is presented alongside the
forums interface. Figure 1 shows a post with two linked
references. Movie recognition enables several of the per-
sonalization algorithms described in this research below.

BobZ Some Recommendations Reply | Reply with Quote
Sep 21, 2005 5:20:45 PM

Your predictions:

Life Aquatic.. T
I watched The Life Aquatic with Steve Zissou, which was
****1 4.5 stars |x

quirky and funny. The best comedy I've seen in years,

I've enjoyed some great movies from Netflix recently. Last night

Finding Never .. & #

KKK K  [Not seen =] | Earlier in the week I saw Finding Neverland. Also a great
movie.

Figure 1. Forum post with two movie references.

Movie recognition is enabled by two custom tools, the
movie-linker and the movie-finder. The movie-linker allows
members to manually insert a movie reference into the text
of their post, using an AJAX-based completion interface for
quick movie searches in-place. The movie-finder automati-
cally inserts linked references when titles are found in the
content of the post. Our approach to automatically discov-
ering movie entities in post text is related to prior work
done in the field of natural language processing (e.g. [14]),
although our focus has been on improving the usability of
named entity recognition systems. The movie recognition
interface and architecture used in MovieLens are described
in more detail in [7].

THE DESIGN SPACE

Personalized invitations are persuasive messages that en-
courage members to visit or post in a discussion forum.
While the potential design space for invitations is large, we
consider two main aspects: the algorithms used to select
content for display, and the nature of the suggestion made
to the user. We do not investigate other potentially interest-
ing aspects, such as visual design or the timing of the pres-
entation.

Figure 2 gives a conceptual overview of the design space
we consider. An invitation, shown in the lower-right corner,
has two components. Content refers to a system entity (e.g.,
a forum post, a movie, or a user name) that comprises the
focus of the invitation. Suggestion refers to the request
made of the user, and the presentation of the request. While
a suggestion is coded into the invitation’s design, content is
dynamically generated. To find content, a content selection
algorithm searches through system data for entities to dis-
play, possibly based on the target user’s preferences or us-
age history.

Target User

System Data

Invitation
Suggestion
Content Selection
Algorithm > Content

Figure 2. Conceptual Diagram of the Problem
Space.

Figure 3 shows an example of a personalized invitation on
the MovielLens home page. The content selection algorithm
(Rare Rated, see below) has found a movie entity (Nicholas
Nickleby (2002)) that the target user has rated, but that few
other users have rated. The invitation suggests that the user
start a new thread about this movie, stating that the user is
“one of only a few” members who is able to take this ac-
tion.

Tell Others About Nicholas Nickleby {(2002)
You're one of anly a few MovieLens members who have rated Nicholas Nickleby (2002).
Post and share your thoughts.

Figure 3. MovieLens home page with one of the
invitation variants from experiment 1 (magnified).

In the following section, we describe the first of two itera-
tive experiments on the effect of personalized invitations.
We propose and evaluate several algorithms for intelli-
gently choosing content for display, and examine the effec-
tiveness of various suggestions for action.

EXPERIMENT 1: INVITATIONS TO POST

Our first experiment tested the overall effectiveness of invi-
tations that ask users to post messages in the MovielLens
discussion forum. Invitations designed for this experiment
asked a user to either start a new thread about a specific
movie or to reply to an existing post. We developed several
algorithms for recommending posts or movies to supply the
topic of the invitation.

People universally seem curious to learn about themselves
and how they are similar to and different from others [8],
suggesting invitations that emphasize ways that a person



differs from other members of the community. Prior work
by Ludford et al. showed that participants in a discussion
forum were motivated by knowing what unique perspective
they can bring to a group, and that knowledge increases
their participation [13]. Thus, a target user’s uniqueness is
something that designers might choose to emphasize in an
invitation. For example, in MovieLens, we might point out
that a user can write about a movie that few other members
have seen, or that a user’s opinion about a movie is unique.
We extend the work of Ludford et al. by building algo-
rithms that automate the selection of content that empha-
sizes uniqueness, and by evaluating the algorithm’s poten-
tial for enhancing the effectiveness of invitations to partici-
pate.

Extrapolating from the law of least effort [23], we can ex-
pect to elicit more contributions if we minimize the effort to
participate. One way to vary the effort involved in writing a
post is to either ask users to reply to an existing post, or to
ask them to start a new topic of conversation. We hypothe-
size that replying to a post is a lower cost action than start-
ing a new thread. By offering a specific post to reply to, we
constrain the space of things to talk about. We test this idea
by comparing the effectiveness of invitations asking users
to start a new thread with invitations asking users to reply
to an existing post.

Content Selection Algorithms

We recommended two types of content that have the poten-
tial to make an invitation compelling in MovieLens — mov-
ies and forum posts. The trick is choosing the right movie
or the right post.

Recommending Movies. The MovielLens movie recommen-
dation system offers many plausible ways for choosing
movies to include in an invitation, such as: recently-rated
movies, highly-rated movies, poorly-rated movies, rarely-
rated movies, highly-recommended movies, and movies
that are influential to a user’s recommendation model.
Cosley et al. investigated several of these algorithms to find
movies for users to edit for accuracy in MovieLens. They
found that the choice of algorithm had a large effect on
users’ willingness to help [6].

Based on the best algorithm from Cosley et al.’s investiga-
tion [6], we developed Rare Rated, an algorithm designed
to choose a movie the user will be able to write about in the
forums. This algorithm searches the target user’s ratings
history for rarely-rated movies — defined as movies with
fewer than 250 system-wide ratings — and picks one to dis-
play at random. As a baseline algorithm, we also developed
Rated, an algorithm that chooses a movie for display at
random from the target user’s rating history.

Recommending Posts. There are a variety of ways to
choose forum posts for inclusion in an invitation. Surpris-
ingly, there is little in the research literature that discusses
the problem of recommending posts that users may be in-
terested in reading. But one can imagine many plausible
algorithms for this task, ranging from collaborative filtering

to content-based algorithms.

One approach to choosing forum posts for display relies on
what we call indirect recommendation: the use of knowl-
edge in one domain to recommend items in another domain.
In MovielLens, we can choose posts for display in an invita-
tion by combining our knowledge of users’ movie tastes
with our knowledge of which movies have been mentioned
in the forum.

There are several ways to use indirect recommendation to
choose posts for display. We may recommend posts that
mention movies a user is familiar with, that mention mov-
ies a user likes or dislikes, that mention movies the poster
and the recipient of the invitation agree or disagree about,
and that are written by authors who are similar or dissimilar
to the recipient of the invitation.

For this experiment, we developed Disagree, an algorithm
which recommends forum posts for users to reply to. This
algorithm searches for posts referring to movies the target
user has rated. Each post is scored on the maximum differ-
ence between the user’s rating and the post author’s rating
of a movie referenced in the post. The system chooses the
post with the largest disagreement score for display in the
invitation. We developed the baseline algorithm Random
Rated Post, which randomly chooses among all posts which
refer to a movie the target user has rated.

Invitation Variants

We designed four variants of a personalized invitation in
this experiment. These variants shared the same basic vis-
ual design: each contained a link to a movie the user had
rated and a link to a page for writing posts. Figure 3
(above) shows a screenshot of the MovieLens home page,
with an example invitation highlighted. The four invitation
types were:

1. New Thread + Random Rated. This invitation asks
MovieLens users to start a new thread about a movie. The
system randomly chooses a movie the user has rated for
display in the invitation. This invitation is worded as fol-
lows:

“Tell Others About [MovieTitle] — You have rated the
movie [MovieTitle]. Post and share your thoughts.”

2. New Thread + Rare Rated. This invitation asks Moviel-
ens users to start a new thread about a movie, emphasizing
their ability to make a unique contribution by selecting con-
tent with the Rare Rated algorithm. We modify the bolded
portion of the previous wording to state “you’re one of only
a few MovieLens members who have rated...”.

3. Reply + Random Rated Post. This invitation asks users to
reply to a post in the forums. The system searches for posts
that refer to movies the user has rated, and chooses one at
random. This invitation is worded as follows:

“Tell Others About [MovieTitle] — A recent post men-
tions the movie [MovieTitle], which you rated [Your-



Rating]. Post and share your thoughts.”

4. Reply + Disagree. This invitation asks users to reply to a
post in the forums, emphasizing the potential of the user to
provide a new perspective to the discussion by selecting
content with the Disagree algorithm. We modified the
wording above to include the sentence “We think you dis-
agree with the poster about this movie.”

Methods

Our subjects were drawn from the pool of new and return-
ing MovieLens members during 17 days in December
2005. We randomly chose 1/5 of the MovieLens members
as the control group; the remaining 4/5 were assigned to the
experimental group.

The control group continued to use an unmodified MovieL-
ens interface for the duration of the study. The unmodified
interface includes several paths to the forums: every page
contains a header with a link to the forums, the front page
contains a list of links to three recent forum posts, recently
mentioned movies in search results link to forum posts, and
each page devoted to a movie links to recent relevant forum
posts.

The experimental group used the same MovielLens interface
as the control group, with the addition of an invitation at the
top of three pages: the MovielLens home page, the forums
front page, and the page listing the threads in each forum.
Each time a user in the experimental groups viewed one of
these pages, one of the four invitation types was chosen at
random, personalized, and displayed.

Results

The experimental group consisted of 1,611 users who
logged in a total of 6,392 times. The control group con-
sisted of 410 users who logged in a total of 1,552 times.
19% of the experimental group viewed at least one post, as
compared with 20% of the control group. 3% of the ex-
perimental group posted at least once, as compared with 1%
of the control group. 9% of the experimental group clicked
on an invitation at least once.

The MovieLens pages that contained invitations in the ex-
perimental condition were viewed 27% more often by sub-
jects in the experimental condition than by subjects in the
control condition. Recall that in this study, each time a user
views a page with an invitation, the content of the invitation
is changed. We hypothesize that users viewed these pages
more often because they were intrigued by the presence of
the invitations, and acted to explore the different invitation

types.

Overall Participation. Table 1 shows the mean number of
posts written and viewed per user. To test for significance
we used the non-parametric Kruskal-Wallis test. Users in
the experimental group viewed (means = 15.2 vs. 11.8, p <
.01) and wrote (means = .17 vs. .04, p < .01) posts more
often than users in the control group.

Control Group | Experimental Group

Posts Written 0.039 0.168

Posts Viewed 11.868 15.240

Table 1. Mean number of posts written and viewed
per user.
Finding 1. Invitations increased participation.

New Thread vs. Reply. Table 2 summarizes the total num-

ber of invitation views, clicks, and posts over the duration
of the experiment, across all users.

Views | Clicks | Posts
New Thread 2397 17 9
New Thread + Rare Rated 2500 48 5
New Thread Subtotal 4897 65 14
Reply 2480 65 1
Reply + Disagree 2446 172 5
Reply Subtotal 4926 237 6

Table 2. Total views, clicks, and posts by invitation
type. Only posts directly caused by an invitation are
counted as posts. It is impossible to know exactly
how many posts were indirectly caused by the pres-
ence of the invitations.

Reply invitations were clicked 237 times, while New
Thread invitations were clicked 65 times. This difference is
statistically significant, based on a logistic regression model
built to predict whether or not a user clicked on the invita-
tion (z=4.84, p<.01). However, New Thread invitations
directly led to 14 posts, while Reply invitations only led to
6 posts. There was not enough data to detect a statistical
difference.

Finding 2.  Users were more likely to click on
invitations asking them to reply to a post than on
invitations asking them to start a thread.

Table 3 summarizes the number of clicks per user, grouping
invitations by algorithm type. Across both the New Thread
and Reply invitation types, users clicked on invitations with
content emphasizing their uniqueness (Rare Rated and Dis-
agree) more frequently than on invitations using the base-
line algorithms (Random Rated and Random Rated Post).
The effect of these algorithms on users’ click rates is posi-
tive and statistically significant, tested with a logistic re-
gression model built to predict whether or not a user will
click on an invitation (z = 3.52, p < .01).

Low Uniqueness High Uniqueness

New Thread .0036 .0099

Reply .0137 .0401

Table 3. Invitation clicks per user by invitation type.
High Uniqueness counts the Rare Rated and Dis-
agree algorithms together, while Low Uniqueness
counts the two baseline algorithms together.

There was no difference between the high uniqueness and




the low uniqueness algorithms in terms of posting behavior.

Finding 3. Invitations emphasizing uniqueness led to
more clicks, but not more posts.

Discussion

Research Question 1: Overall. Compared with the control
group, users who received invitations read more and posted
more, as shown in Finding 1. It also appears that invitations
increased the overall activity level in the forum. Although
the fluctuations of posting levels contain too much noise to
draw statistical inference, there were on average more posts
per day during the experimental period (19.5) than during
the two weeks immediately before (13.7) and after (12.5)
the experiment.

Did invitations spark valuable content, or did they lead to
lower quality posts? Although quality is subjective and
difficult to measure, we propose that one sign of a post’s
quality is whether it leads to further conversation. Of the
293 posts written during this experiment, the 20 posts di-
rectly caused by invitations have been replied to an average
of 1.7 times, as compared with an average of 0.8 replies for
the remaining 273. 75% of the posts directly caused by in-
vitations received at least one reply, as compared with 64%
of the other posts. Thus, invitations led to posts that were
read and replied to.

However, there were also undesirable outcomes. In one
instance, a new post author created a thread about a movie
that had already been discussed elsewhere — an action
which more senior members noticed and corrected. Lampe
and Johnston suggest that old and new members alike bene-
fit when new users spend time learning the customs of the
community by reading posts before they first post them-
selves [11]. Thus, in our second experiment, we adjusted
our suggestions to ask users to read posts, in order to give
new users a chance to acclimate to the community before
being thrust into the position of posting.

Research Question 2: Algorithms. Finding 2 shows that the
algorithm for choosing content does matter. For both invita-
tion types, personalization that emphasized uniqueness
made a positive difference to response rates. One user
commented on the personalization:

It's kind of interesting to see what movies pop up... and
that I am "only one of a few" to have rated the movie.

The Reply + Disagree invitation variant was especially
effective at generating clicks. It led to nearly three times as
many clicks as the Reply + Random Rated Post variant.

Research Question 3: Suggestions. Finding 1 presents con-
flicting results concerning fundamental issues of presenta-
tion. While users were more likely to click on an invitation
asking them to reply to a post, they were more likely to
write a post when asked to start a new thread. Although the
post-writing result was not significant, it remains a surprise.
Replying to a message intuitively feels like a lower-cost
action than writing a new thread, because the topic of con-

versation is more constrained. Based upon feedback from
MovieLens users, we believe that this data may be ex-
plained by a shortcoming in the algorithms used to find
posts for the Reply invitation variants: we asked users to
reply to potentially very old posts (up to six months old).
One user wrote:

Don't ask me to reply to a post that's more than a
month old. (Better still, two weeks.)

In the next experiment, we address this concern by filtering
recommended content for recency.

Next Steps. One of the most significant effects from ex-
periment 1 was the increased activity generated by the Dis-
agree algorithm. This invitation variant led to nearly three
times as many clicks as the baseline invitation asking users
to reply to a post that mentioned a movie. It may have been
successful by creating a sense of curiosity about other us-
ers: “who do | disagree with about this movie, and why do
our opinions differ?” We hypothesize that the Disagree
algorithm made more visible the social nature of the discus-
sion forum. Therefore, in experiment 2, we explore other
invitations which emphasize the social nature of the forum.

EXPERIMENT 2: INVITATIONS TO READ

We revisited our design of personalized invitations in our
second experiment, based on the experimental findings
from the first experiment and feedback from users. We
wished to study other aspects of invitation design. First, we
wished to design invitations that bring users into the forums
as readers, to give new users the chance to explore before
they post. Second, we wished to understand other social
dimensions of algorithms for choosing content.

People use familiarity to reduce cognitive effort. Habit en-
ables people to make repeated decisions without having to
think through the alternatives each time. People reduce the
possibility of incorrect or suboptimal decisions by seeking
familiar sources. Studies show that “mere exposure” [22]
can explain people’s attraction not just to other people, but
also to music, art, and food. Repeated contact over time
causes a person to like other people and objects more.
These observations suggest that invitations presenting fa-
miliar items or people will be more effective than invita-
tions that present unfamiliar items or people. Thus, in this
experiment, we either chose familiar or unfamiliar content
for display in the invitation.

How much should we reveal about the content of the invita-
tion? The invitation might be more or less specific about
the recommended content. For example, we might choose
to display an entire post, or we might simply show the sub-
ject line. The study of the psychology of curiosity (e.g.
[12]) posits that motives often stem from incongruities or
information gaps in the world. If we display less informa-
tion about a post, will that enhance users’ curiosity? Or,
will displaying less information cause us to omit details that
are especially compelling to the user, such as a the title of a
favorite movie, or an especially intriguing username. We
test these ideas by varying the specificity of the information



displayed in the invitation.

Content Selection Algorithms

Because we wished to emphasize social aspects of the dis-
cussion forum, we exclusively choose post content for in-
clusion in invitations. We especially were interested in ex-
amining the power of emphasizing the social nature of the
forums. Thus, we developed two algorithms, one that is
intended to emphasize the social, and one that is intended to
emphasize the unsocial.

Our social approach to choosing posts relies on users’ his-
tory of viewing the discussion forum. By tracking which
users have viewed which conversation threads, we can
compute a familiarity score from any user to any other user.
The Relaviz system [21] used a graphical display of the
asymmetrical familiarity between pairs of users to encour-
age participation by connecting lurkers and posters. We use
a similar computation to discover relationships between
users, but use the output to recommend posts written by
familiar or unfamiliar users. The recommendation of famil-
iar users is only possible for MovieLens members who
have previously viewed forum posts.

We call our algorithm that implements this idea Familiar
Poster. This algorithm chooses among posts written in the
last week based on whether or not the target user has previ-
ously viewed posts by that author five or more times. Re-
quiring fewer views weakens users’ familiarity with post
authors, while requiring more views further restricts the set
of posts to recommend; we looked to balance these two
factors. We developed a corresponding baseline algorithm,
Unfamiliar Poster, to recommend posts written by authors
the target user has seen fewer than five times.

To test whether any effects of familiarity were due to the
social effects of making other users visible, we also devel-
oped a non-social approach to recommending posts with
familiar or unfamiliar content. Just as we may believe that
users are attracted to the forum by the presence of other
users, we may also believe that users are attracted to the
forum by the movies that are discussed.

Our algorithm for recommending posts on the basis of their
movie content is called Familiar Movie. It returns the set of
posts written in the last week that reference one or more
movies the target user has rated. We developed a corre-
sponding algorithm, Unfamiliar Movie, that returns the set
of posts which mention movies the target user has not rated.
While a single post may contain both rated and unrated
movies, in the invitation we only show the movie chosen by
the algorithm.

Invitation Variants

We made several changes to the overall design of invita-
tions in MovielLens in preparation for our second experi-
ment. The biggest change was that the invitations no longer
asked users to post, but instead recommended that users
visit the forums to read a post.

Some subjects thought that getting many different invita-
tions per session (the time between login and logout) was
too demanding in the first experiment. Thus, we designed
these invitations so that users would view the same invita-
tion throughout their session. Clicking removed the invita-
tion from the user’s interface for the duration of the session.
Users could also explicitly hide the invitations for the re-
mainder of the session using a “hide” link. Users who had
clicked “hide” in three or more sessions were given a “hide
forever” link that permanently removed invitations from
their view when clicked. 65 out 1,917 users clicked the
“hide” link at least once; 11 users chose to permanently
hide invitations, of whom 6 are repeat forum posters.

Figure 4 shows a sample invitation. The most prominent
visual change to the invitation design was the inclusion of
the subject line of the recommended post, as well as up to
125 characters of preview post text. To avoid confounding
our experimental manipulation, we stripped references to
movies from the preview text. To do this in a natural way,
we searched the post for the first phrase beginning with 125
characters without a movie reference. Failing this, we used
the first 125 characters of the post, replacing movie titles
with the string “...”.

MovieLens Forums Recommendation {hide)

Qur system recommends the following new post for you, which was written by & PolarisDiB,
and mentions the movie Matrix, The {1999):

Re: Too much CGI?
So there isn't any disjunction between the characters and the world they inhabit, except
maybe very difficult moments like wh... (read more)

Figure 4. A sample invitation from the MovielLens
home page during experiment 2. The post preview
text is used with the author’s permission.

There were a number of variants of this basic invitation, as
described below.

Specificity Variations. We call invitations that contain more
information about the recommended post more specific.
Users were either shown the name of the author of the rec-
ommended post, or they were not. Similarly, users were
either shown the name of a movie referenced in the recom-
mended post, or they were not. We randomized the order of
the name and the movie in invitations that displayed both.
Named entities were shown in bold, green text to draw at-
tention to their presence. We added small icons next to
these named entities to further distinguish their presence.
We adjusted the two icons to be the same size and ap-
proximately the same level of luminosity.

Familiarity Variations. We also varied whether or not the
invitation’s named entities were familiar to the user. In the
case of a movie, we varied whether we used the Familiar
Movie or the Unfamiliar Movie algorithm to select the con-
tent. In the case of a post author, we either used the Famil-
iar Poster or the Unfamiliar Poster algorithm. We ran-
domly chose among the intersection of these sets of posts
for display.



Credibility Variations. We designed four different wordings
to use as the opening phrase in the invitation. Two of the
wordings were designed to exploit the credibility of the
MovieLens recommender system by implying that “our
system” is making a recommendation for the user.

Our system predicts you'll enjoy the following new post
Our system recommends the following new post for you

The other two wordings did not imply that it is the system
making the recommendation, but left the source of the rec-
ommendation unspecified:

We think you'll like the following new post
Check out the following new post

Methods

The second study took place for 17 days in February and
March, 2006. All MovielLens users who logged in during
this period and who met our entrance criteria were exposed
to the experimental manipulation. We did not include a
control group because we had established the efficacy of
the invitations in the first study, and because we were pri-
marily interested in measuring the effect of experimental
manipulations.

For the purposes of analysis, we split user sessions in this
experiment into two groups:

1. ForumHistory: users who have visited the forums in a
previous session

2. NoForumHistory: users who have never visited the
forums

Users in ForumHistory received the full set of invitation
variations, while users in NoForumHistory received all
variations except for those that require a familiar post au-
thor. Users were moved from group NoForumHistory to
group ForumHistory after their first visit to the discussion
forum. Users who could not receive the full set of invitation
variations did not receive any invitation, and these sessions
are not included in the analysis. For example, users who
had not rated any of the movies that had been referenced in
the past week of forum posts could not receive the familiar
movie variation, and were excluded.

Due to the exploratory nature of our study and a limited
pool of users, we used a half fractional factorial design, a
design that gives us main effects and lower-order interac-
tions, but sacrifices higher-order interactions. We chose 8
out of 16 runs of a full, four-factor, two-level, factorial de-
sign [2]. The factors are: showing a movie title, familiarity
with the movie title, showing a user name, and familiarity
with the user name. The levels are: ForumHistory and No-
ForumHistory.

Our data are nested by nature, since each user can have
multiple sessions. We analyzed the data using hierarchical

linear modeling (HLM) techniques [3] to control for ran-
dom effects at the user level. We then determined the sig-
nificance of our results using HLM analyses.

Results

2,415 users logged in to MovieLens during experiment 2.
1,917 of these users participated in the experiment by view-
ing an invitation. 10.5% of the participating users clicked
on an invitation at least once. Table 4 summarizes the num-
ber of users, sessions, and invitation clicks that took place
during the study.

Unique Users | Sessions Clicks
ForumHistory 704 3012 193
NoForumHistory 1213 3225 80
Total 1917 6237 273

Table 4. Number of users, sessions, and invitation
clicks in experiment 2 by user group.

Overall, users in ForumHistory clicked on an invitation in
6.0% of their sessions, as compared with users in NoFo-
rumHistory, who clicked in 2.5% of their sessions. This
effect is significant in our model (p < .01). This effect
might be expected, given that users in this group had visited
the forums in the past.

Credibility. Table 5 summarizes the percentage of invita-
tions that were clicked by wording. The two wordings that
contained the phrase “our system” led to users clicking on
the invitation 50% more often than with the other two, a
significant effect in the regression model (p < .01). Overall,
the most effective wording was “Our system predicts you'll
enjoy the following new post,” with 99 clicks. The least
effective wording was “Check out the following new post,”
with 51 clicks.

Wording % Clicked
Our system predicts you'll enjoy the follow- 5.4
ing new post
Our system recommends the following new 5.0
post for you
We think you'll like the following new post 4.1
Check out the following new post 2.6

Table 5. Percentage of invitations clicked for each
wording, across all groups. The first two wordings
emphasize the credibility of the source of the rec-
ommended post.

Finding4.  The wording of the invitations mattered.
Invitations were more effective when they were worded
to emphasize the credibility of the recommendation.

Specificity: Usernames. Simply showing the name of a fo-
rum poster in the invitation has a positive and significant
statistical effect on click rates (p < .01). Importantly,
though, this effect only applies to users in ForumHistory, as
shown in Figure 5. The interaction effect between user
group and showing the poster’s name is statistically signifi-
cant in our model (p < .01).
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Figure 5. Effect of poster's name on click-through
rate by user group.

Finding 5.  Invitations were more effective when they
showed the name of a post author, but only for users
who had previously visited the forum.

Specificity: Movies. Showing the title of a movie in the invi-
tation had ambiguous effects. It actually slightly depressed
the click rate for users in NoForumHistory (from 3.3% to
3.1%), although it increased the click rate for users in Fo-
rumHistory (from 5.6% to 6.5%). Neither change is statisti-
cally significant.

Finding 6.  Invitations were not improved or
worsened by displaying the name of a movie.

Familiarity. We failed to find evidence that our personaliza-
tion algorithms for detecting familiar movies and forum
authors improved the success of our invitations. While we
initially saw evidence that suggested showing familiar
movie titles increased click rates (from 4.0% to 5.4% across
groups), further analysis showed that our findings were
confounded. Whether or not a user was familiar with a
movie is correlated with the total number of times the
movie has been rated in MovielLens (correlation = .448).
Thus, it is impossible to know if the increased click rate is
due to the user’s familiarity with the movie or its overall
popularity. When both factors are included in our model,
neither is significant.

Likewise, we do not find evidence that showing familiar
user names affects click rates. While it is the case that click
numbers were slightly higher when a familiar name was
shown (8.3% click rate when the name was familiar vs.
6.9% when the name was unfamiliar), the effect is not sta-
tistically significant.

Finding 7. Invitations were not improved by
familiarity-based personalization.

Discussion

Research Question 2: Algorithms. Our algorithms for
choosing posts on the basis of entity familiarity (or lack of
familiarity) had no effect on users’ rates of clicking through
to the discussion forum. Perhaps this finding (Finding 7)
points to a fundamental tension between familiarity and
curiosity: while familiar people and items may be more
comfortable and liked, unfamiliar people and items may

heighten a target user’s curiosity. For example, we might
hypothesize that some forum users would be more inclined
to click on an invitation with an unfamiliar user name
(“who is this?””) while other users might be more inclined to
click on an invitation with a familiar name (“I remember
you, you were interesting”).

We are not sure the degree to which this finding might gen-
eralize. It is possible that there are types of content or other
domains for which familiarity algorithms are more useful.
For example, in domains where the volume of traffic is
much higher than ours, choosing familiar users could make
the community feel more intimate, encouraging users to be
social.

Research Question 3: Suggestions. Finding 5 and Finding
6 taken together show that in MovielLens, showing user
names helped increase clicks, while showing movie titles
did not. Why is this the case? One possible explanation is
that showing the name of a poster emphasizes the social
nature of the discussion forums. The perceived value of
visiting the forums is enhanced by emphasizing features
that are not available from the movie recommendation in-
terface: the written opinions of other users.

CONCLUSION

We have investigated the usefulness of personalized invita-
tions, an intervention designed to increase participation in
an online discussion forum. We found that invitations had
an immediate impact in MovieLens over the short-term,
causing users to write and view more posts.

We experimented with several algorithms for choosing the
content of invitations, with varying success. Our algorithm
designs were influenced by theories from social psychol-
ogy: uniqueness and familiarity. While uniqueness turned
out to be a useful principle in our algorithm design, famili-
arity did not, perhaps confounded by users’ curiosity to
learn about new things. It is possible that familiarity-based
personalization algorithms would be more effective in other
domains, especially larger communities where it is more
difficult to locate content written by familiar users.

Invitations emphasizing the social nature of the discussion
forum increased user activity, while invitations emphasiz-
ing other details of the forum were less successful. While
showing the name of a movie did not lead to increased user
interest, showing the name of a post author did. Disagree,
the algorithm we consider the most successful in this work,
emphasized the presence of social interaction and related
the target user directly to a post author. The forums are a
social space; users were more drawn to them when the so-
cial aspects were emphasized.
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