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Abstract

This study aims to develop an understanding of abivity taking place on “Social News”
websites which use quantitative democratic inte$ad he data analysed were 3,446,522 votes
from one such site (Reddit.com) for a single moBtita were analysed in terms of Users, Links,
and Sub-Reddits. Exploratory analyses revealedek@onential distributions dominate many
facets of activity on the site — conforming to tRewer-Law observed by previous research.
Users, Links and Sub-Reddits were Partitioned atoMedoids to determine if there were
different “types” of each. Clusters fitted to Usdeta suggest that Users tend to take on different
roles in the community by prioritising a certaimdiof activity (i.e. voting or submitting). A
concept of “community involvement” was found useafuldescribing the different types of User
on the site. Furthermore, Row-Column associatiodetssuggested that the users who were the
most active and involved were the most likely tdoreit popular content. Latent trajectory
analysis was also employed to look for patternthéotemporal distribution of votes on Links.
The potential for quantitative democratic interfade facilitate communication between large
groups of people is discussed; and some proposalsidw these systems might be further
studied are put forward.
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1 Introduction

1.1 The Internet and social change.

There is a wide variety of literature available aibthe internet and its potential to change aspefcts
society. From a sociological perspective a loth# titerature is theoretical in nature (e.g. Hansen
Berente & Lyytinen, 2009); in particular there is@b-set of literature dealing with how the intérne
may affect the political process (e.g. Agre, 20@)me authors have theorized that the internetcoul
involve citizens so much more directly in demoaasiystems that their nature would change
qualitatively (e.g. Grossman, 1995).

There is also a (largely separate) body of litematdealing with empirical research on peoples’
participation in online social activities; much &fis from a computer science/communications
perspective. Most of this empirical research destls older forms of web communication, like e-mail
(e.g. Butler, 2001), Web-pages (Albert, Jeong &Baasi, 2004), and Usenet discussion/news groups
(Himelboim, 2008). One of the most often-reportediings of these studies is the utility of a Power-
Law distribution in describing the data (e.g. Aden2000; Raban & Rabin, 2007). The Power-law
distribution describes a trend whereby the majooitycontent is being produced by a minority of
individuals. Another noteworthy concept within thierature (with particular relevance here) isttba
Information Overload (e.g. Nye, 2002; Jones, Ra&viRafaeli, 2002). The essence of this concept is
that as the amount of content in a system increidsgEsomes harder for Users to access the content
most suited to them. There are advantages to amsysblding a lot of information from many Users -
the more information a system holds the more likelis to contain the information a given user
requires; but when the quantity of information isfigiently large, allocation of Users’ attention
becomes more important.

While functionality like Web-Pages and E-mail sigpantly expedited existing forms of
communication (e.g. mail and publication) and higdiicant impact on society; we would argue that
they did not themselves offer anything qualitayvakw. In the last few years web technology has
developed to facilitate forms of communication whioto seem qualitatively different to those which
existed before the internet. The term “Web 2.0frégjuently used to describe sites offering forms of
communication which, at the highest level, could fumction offline (see Wikipedia.org; itself an
example of a Web 2.0 site).

One particular breed of these Web 2.0 sites whichresearch will focus on is the “social news” or
“social book-marking” site. Since 2005/2006 welesihave been emerging which are devoted to this
kind of interaction, several of these now have dangser-bases (e.g. Digg.com, Reddit.com,
Delicious.com). Broadly speaking, these sites etdassort and aggregate external web content; any
member can submit content and also rate the costdmhitted by other users. These ratings are then
used to rank all submitted content, and these nagiskare used to determine the prominence with
which said content will be displayed on the sitedther users. More recently (in the last yeara)r s
established sites like Facebook.com and Googleltra begun to integrate this kind of functionality
into their existing services.



1.2 What makes these sites relevant to social sdisis?

The concept of voting on the internet is not itsalfirely new, for many years it has been posdinle
individuals to vote in on-line opinion polls. Theing which makes social news sites different irs thi
regard is that users’ votes have significance beybe expression of opinion. When a user gives a
positive vote to an item of content on these siti@s; act makes it more likely that other usershef
site will be exposed to this item of content (tlo@werse is true of negative votes). When an ind&id
first visits this site they will generally only seentent which has been endorsed by the commuhity o
users on the site through its quantitative demacnatierface.

We do not mean to say that the way in which usttbease sites share news is itself of relevance to
social scientists. Rather, the relevance of thées §ies with the quantitative democratic integac
itself; and the other purposes a system like thghtrpotentially be used for. These sites seenffar o

a way around the previously noted problem of Infation Overload; indeed this could be thought of
as theirraison d’etre Allowing Users to vote on each others’ contert tiee potential to shift some of
the burden of sorting through hundreds or thousahdsurces to find the most worthwhile - from the
Individual to the Group. When an Individual visitge site they see immediately the recent content
which the other users in the group have deemed mvosthy of their attention. If quantitative
democratic “Social News” systems do offer a wayuarb Information Overload to some degree, this
in itself would represent a significant developmémtcomputer-mediated communication — and
consequently would warrant the re-visiting of sa@ueiological theories regarding the Internet.

The democratic nature of these systems also raigergesting questions about the psychological
effects of participation. Older forms of online cammnication (such as Usenet Groups and Bulletin
Boards) tend to employ a hierarchy which distingags between Members and Moderators (also
sometimes Administrators). Most Users of theseuess would be classed as Members —defined by
their ability to submit “posts”. A minority of Usernthe moderators) are explicitly given power over
the submissions of other users, and charged withtorong this content to ensure that it is accelgtab
appears in the correct location, etc. Newer “Sobials” sites buck this trend; every User has the
power to both submit their own content and votéh@ncontent submitted by others. The responsibility
for moderation has essentially been delegated @octimmunity at large. Social Identity Theory
(Tajfael & Turner, 1979) suggests that the perforogaof this role at the group level will have
consequences for the way Users perceive this coitynrdrand consequently what their membership
and participation means to them. It is probablé tha up/down voting (integral to how these sites
work) will be an important factor in determiningwandividuals construct their shared identity as
users of a given site. There is also a chancehigidentity will be stronger than those assodatéh
older forms of online communication - because mesbdeve more means whereby they can
participate in the “community”, and more power bagn placed in the hands of this community.

The democratic interfaces behind “Social News”ssiee quite a recent phenomenon; and therefore
there are many unanswered questions regardingsteethey could potentially be put to. For example,
could an interface like this be used to share aigarose ideas or solutions to problems? Would it
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work with scientific, political or economic ideasfow would the use of a system like this effect the
quality of “content” which is generated in any/eaoh these areas? Older forms of online
communication (bulletin boards, Usenet) have alydseken applied to most of these fields and so these
answers are known to some extent. Quantitative deatio interfaces have however only been
deployed in a few different contexts thus far (rhostews-related); therefore much less is known
about how they operate and what they can be usedf fwe wish to consider what lies ahead for the
Internet and Social change — it seems pertinelutalo closely at the emerging social groups for whom
online democratic activity is an everyday reality.

1.3 Purpose of this research

Quantitative Democratic systems would seem to hidnee potential to circumvent some of the
problems of Information Overload — and consequenthy facilitate new forms of communication
between larger groups than was previously possiliis potential; and the fact that these systeras ar
largely unknown to the social sciences - provigepsdtus for the present research. This research will
however not address these issues directly becaeyeate much too broad to tackle in the available
time. Rather, this piece of research is intendddydhe groundwork for a programme of primary data
collection and experimentation. As such, the puepafsthe present research is to investigate prgcise
how the behaviours of individual users combineddgrm the functions they have been allocated as a

group.

1.4 Why Reddit.com?

To this end, we have approached one of the aforeomexdl social news sites and requested data to
analyse. The site which was chosen is Reddit.cdmerel are several characteristics which make this
site particularly suitable for our purposes. Priilgathe domain of the quantitative democratic syst

is larger on this site than others. While othezssdllow users to vote on submitted content anpladis
this content accordingly, Reddit.com extends thigtesm to cover comments on this content as well.

A visitor to Reddit.com will see the top 25 itemsomntent ordered by recent user voting activity
(these can actually be displayed along a varietysef-determined criteria, or viewed in terms & th
“Sub-Reddit” they were submitted to). If this vigitviews the comments on a given item of content,
these comments are also threaded and displayectardance with their aggregate positive/negative
votes. In fact, there are only three items of conte this site which are not subjected to usemngot
and ranked accordingly. These are one sponsoreddppearing in blue at the top of the list of radk
items), one advertisement (displayed to the righthese ranked items), and the page footer (which
contains links to pages maintained by the Redditiadtrators, and also links to affiliate sites).

The other major characteristic of Reddit.com whtdkes it suitable for this research is that itefns o
content can be simple statements or questionstedret the Reddit.com community (known Self
links). This feature was added soon after thessiginch to facilitate the development of a Reddih
community. This community takes quite an actives fiol discussing aspects of how the site does, and
should operate; informal monitoring of popular @ntfor several months suggests that some of the
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more popular Self links submitted are related tovitbe site operates (ideas for improvements,
complaints about problems, etc.).

The site’s administrators take very little contodlmoderating the site’s content; until recentlgrén
were no known instances of links being manuallyetéel by administrators. On 2@ugust 2009 a
User submitted a link which exploited a hole in ®®ars.com (American department store website)
site’'s code. This exploit allowed users to linkagroduct and control the product categories that
product would appear to belong to. Sears contaRettlit.com’s parent company and asked for the
link to be removed, and Reddit's administratorsydudmplied (Reddit Link —Where did my post
about Sears.com's URL-hackable categories go? &ctublly being censored)? This prompted a lot

of discussion by Reddit Users about the decisioorénthan half of the links on the site’s front page

the day related to this), with a lot of complaiatsd some threats to quit using the site among the
contributions.

This reaction suggests that many of the site’ssu$eel quite strongly that the determination of
prominent links should always be left to the sitecsnmunity. The strength of this reaction suggests
that the control of prominent content granted tlgfothe democratic interface might be an important
part of what it means to be a member of the Remtalit. community. It should be noted however that
the backlash from this decision was directed mofeears than the Reddit administrators; suggesting
level of trust in the administrators that they wibnbt take such an action unless it was unavoidable
Reaction from Reddit's users was by no means ur@msnhowever; for all the links complaining
about Sears or Reddit's administrators; there \ats® some prominent links and comments defending
the behaviour of both Sears and Reddit's admin@isa

Casual observation also suggests that some of thaenation performed by users operates along
certain conventions, some of these being quiteiipés the community. Comment threads (and even
some links) frequently make reference to some ne@stablished pattern of up/down-voting related to
particular content (e.g. links beginning with “H&eddit” receiving a disproportionate number of
votes). The site’s community have also developeadesof their own words and phrases to describe
things related specifically to using the site. Erample; “Down-modding” is the term used for voting
negatively on a piece of content. “Reddit Rageaipattern whereby one user takes offence at the
down-voting of their content perceived to be instégl by a second user (usually with a comment) -
this user then apparently seeks out links or contsnembmitted by the “offending” user and down-
votes these in retribution. These characteristitssuggest quite a strong sense of community.
Furthermore, this is a community which is quitenfij@arent and accessible to “outsiders” because the
users discuss its specifics frequently and openly.

Finally, the software behind Reddit.com is OpenrSeu which has two benefits for this researcls It
possible to check specifics of how the softwareraigs where desired, and it will be possible tatere
copies (or modifications) of this site’s infrastiue for experimental purposes later in the projébe
one exception to this transparency is the site’s-dmeating/anti-spam code, which is a closely
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guarded secret. A link which reaches the Reddit.é@mt page has been estimated to bring about
75,000 visitors to the site being linked to; thbewe been several instances of individuals orggou
setting up commercial services whereby they receagment to generate traffic like this through
Reddit.com. It is for this reason that the antiatitgy code exists, and the importance of its sgcisec
also why we do not have access to it.

1.5 Who uses Reddit.com?

The data which we have obtained from Reddit.cony oaVer the “link-voting” and “link submission”
behaviours of registered members for the month afddl (more details about this data in subsequent
sections). We have not conducted any analysesedirdiffic which this site receives; but basic detai
about traffic at certain points in time are ava#ablsewhere. The graph below shows “daily unique
visitors” for the site between July 2008 and Janp2f09, and was produced by one of the site’s co-
founders (Ohanian & Golliher, 2009).

Unique Visitors to Reddit.com
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Figure 1.5-1. Showing unique visitors per day on &ldit.com. — from Ohanian & Golliher, 2009.

The above graph suggests that the site’s numbemajue users” per day has doubled from 250,000
to 500,000 in the six months to January 2009. dukh be noted that this measurement will record a
user who visited the site every day in the timdqakas one unique user per day (i.e. if the sitd ha
250,000 unique users on consecutive days thesd conteivably be exactly the same 250,000 users).
Private communications with our Reddit contact eded that the site had 5,664,590 unique visitors
(by IP address) in March 2009.

Reddit.com has also been included in an analysisaafial network sites” which offered demographic
information on users (Chapelle, 2008). The methaixi to produce the following data are however
not known, so it may not be reliable. This reparggested that 80% of Reddit's users are Male and
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20% Female. Over 75% of the site’s users are edddatthe level of Bachelor’'s degree or higher; and
about 65% are aged between 18 and 44, with the coostnon age group being 35-44 (30% of users).
Traffic reports from Alexa.com suggest that an ageruser spends 5-6 minutes on the site per day,
visiting between 5-6 links on the site. Alexa.comparts for the last year also show a large surge in
Reddit's “global reach” in January 2009, from lgban 5% to 10% in one month - presently
(Alexa.com - Septembel"@009) between 15% and 20% of global internet ugsisReddit.com.

1.6 Research Questions to be addressed with the Rigccom data

The purpose of analysing data from Reddit.com isgan an understanding of how the site’s
democratic interface is actually being used byni&snbers to regulate the display of content onitke s
This broad interest has been broken down intoiassef questions which will be addressed here with
this data; there follows a brief description of leapiestion and the methods which will be used to
address it.

Q1: Can users of Reddit be broken down into differgyypes’ of user based on the ways in which they
used their account in March? Every user accourth@nsite is functionally identical in that eachleus
has the capacity to submit/vote/comment with egueaghting. Given this equality of account statas, i
will be interesting to see whether users take ffierdint roles in the running of the site by prisiitg a
certain kind of activity. To address this questiasers will be clustered based on the frequency and
nature of their behaviours on the site in Marchy.(@umber of votes, number of link submissions,
proportion of positive/negative votes, sub-categgrin which behaviours occurred, timing of
behaviours, etc.).

Q2: Can submitted links be classified as belongingiffergnt ‘types’ based on the kind of voting
behaviour they elicit from users? Here we are priganterested in picking out links which are
popular/unpopular/controversial. Presumably, eastk’d individual qualities will be largely
responsible for determining the frequency and matof voting activity it receives from users.
Unfortunately, we do not have access to qualitainfermation about these links; aside from the
category they were submitted to and whether theyself” links. As such, links will be classified
according to the kind of voting activity they reasil and any available indicator variables.

Q3: Can sub-reddits be classified as belonging to diffe‘types’ based on the patterns of activity
which occur in them? Sub-Reddit and Link clusteas be produced in combination (e.g. Sub-Reddit
type could be used as an indicator when clustekings) to add another explanatory variable if
required.

Q4: Are there any patterns to the temporal distributbrotes? Latent trajectory analysis will be used
to look for clusters of links with different votingatterns.

Q5: Do certain ‘types’ of user submit (or vote on) eert'types’ of link? Our primary focus here will
be salient (i.e. popular) links; it is predicteationly a small proportion of submitted links wiiceive
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the kind of voting activity required for them to bedely disseminated (i.e. through the site’s front
page). We will seek to identify any ‘user types’omire disproportionately responsible for submitting
certain kinds of link.

2 Overview of the Data

2.1 The Data

The data provided by Reddit cover the month of M&009;only data relating to “link votes” has
been provided,so the analyses which follow do not consider tharoenting aspect of the site at all.
As noted above; a “link” submitted to Reddit canableonafide link to an external site, but it casoal
be a link to an internal page on Reddit where & lnge posted a statement or question (‘Self’ links)

The initial data-set offered was a table of evesteweceived in March (4,336,406 votes) with an ID
number for the link it related to, an ID number the user who submitted it, the value of the vote
(positive or negative), and the date and time wtienvote was submitted. This initial data-set
included votes which had been rejected by thesséati-cheating code, which was problematic for our
purposes.

Reddit were approached again and asked for a tdbl®tes which excluded those which did not
actually count; we also asked for data on an asfayther aspects which could be used as explanatory
variables (they were kind enough to provide moghese). The new table of link votes which counted
contained 3,446,522 entries, revealing that 889)88és (about 20%) had been rejected as spam in
March. The same details noted above were provideddch of these votes.

The additional data we received at this time camegithe links. Tables were provided which showed
the User ID of the member who submitted each lihk, date and time of this link’s submission, the
“sub-reddit” (i.e. sub-category) the link was sutied to, and whether the link was “is_self”. Salf i
the name given to the links mentioned above whizmak direct to external pages but to a statement
or question submitted directly to Reddit. Whenrk lhas a value of 1 for “is_self” it is one of thes
statements or questions, a value of 0 means ipisgzer link to another web-page.

The volume of votes being considered in this redearas immediately identified as a problem; most
statistical software packages simply refused tonapélata-set this large. SPSS was the only package
identified which could view the data-set, but itl dgio by only loading a small percentage of the s/ote
into memory. This made carrying out any calculation transformations of the data extremely time-
consuming, even a simple operation like orderirg \thtes by a given criterion took as long as 15
minutes. It was clear that an alternative apprdachis data was required.

2.2 Handling the data

The only way to handle this amount of data seemebletto work from the kind of SQL database
which it came from in the first place. To this eadpcal MySQL database was set up and all the data
imported into it. This allowed an operation liketstg the votes by a given criteria to be perfornred
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a few seconds. MySQL was chosen because a graphiegiace is available (phpMyAdmin) which
allows tables in the database to be easily crematddtonsulted.

In order to produce data that was amenable testai analyses, many transformations were required
The fastest way to achieve this was to write cugtoograms in a language which could interface with
the MySQL database. These programs could perfoentdlints and calculations required with a high
level of efficiency and store the results in nebiéa of the MySQL database. Python was chosen for
this purpose because it has a reputation for fityiland efficiency, and a module is available ki
facilitates interfacing between Python and MySQL.

The Python scripts which were written to work witie data are included #ppendix D. The details

of how these programs worked will largely be onditteere. Instead, we will discuss here the detdils o
the new data-sets which were created for statisitalyses; with reference to the Python scripelus
to create them.

2.3 Transforming the data — and summary statistics.

With the data arranged in tables of a MySQL datakiasvas possible to generate a count of the
number of positive and negative votes in total.ti@f 3,446,522 total votes: 2,635,688 were positive
(76.5%), 787,874 were negative (22.9%) and 22,9684) were Null votes. Querying our contact at
Reddit revealed that a Null vote represented atamte where a user changed their mind about a vote
they had previously submitted and cancelled satd.\lastances of this behaviour are uncommon in
the data.

2.3.1 User Data

Our primary interest in this data is the userghs®is where the re-coding proper began. A newsJse
table was created. The User ID for every vote m\thtes table was then extracted, and these were
inserted into the Users table without duplicatiggogulate_user_ids.pyD41). This revealed that
102,232 different users registered at least one @otReddit in March.

Next a program was written which would cycle througyery User ID in the Users table: pull the
votes for this user from the Votes table, countribenber of positive, negative and null votes; then
update the Users table with these variables and tletal number of votes
(populate_users_with_vote nospg). It should be noted that when a user on thessibmits a link,

a positive vote from them is automatically attrimlitto the link, so the act of submitting a linkcals
counts as a vote. This program took about 12 hmmuexecute because it involved searching through
the table of 3.5 million votes 102,232 times. lIttlés necessity of searching through 3.5 million
records which has generally been responsible soctimputational intensity of generating useful data

By way of comparison: a subsequent program thatked through the Link Authors table (370,710
records) - to count the number of times a user dwnitted a link and add this count to the Users
table - took only one hour to execufgopulate _users_with_sub_nos.pp3}. Once all these counts
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were in place, another program was written to dsdsame information, expressed as percentage of
total activity, to the Users table. This programad_percentages_to_user_votes.y4)-expressed a
user’s positive, negative and null votes; and #isar link submissions - as a percentage of ttoda
voting activity in March. The program also subteatttheir number of negative votes from their
positive votes to give an aggregate positive-nggatotes total. All of these variables were subexitt

to the Users table.

2.3.2 Summary statistics for Users data

Consultating of the Users table at this point réaca few interesting facts. Of the 102,232 usdre w
voted in March, 33,589 (33%) only registered ontev@6,190 users (25%) made one link submission
and this was their only action on the site in Marthis probably reflects the ease with which an
individual can sign up on Reddit, and suggeststtiede 26,190 users may have signed up for the sole
purpose of submitting a link.

At the other end of the spectrum; the user withrtteest votes in March registered 23,776 votes and
95% of these were negative; suggesting that theés bas taken on the role of moderating content
which they do not consider worthy downwards (knawthe community as “down-modding”). 12 of
the top 30 voters have negative aggregate scaresh{ey made more negative than positive votes),
but there is considerable variation in the propoiof positive/negative votes submitted by thmugr

of 30 users. There were 171 users who each regstaore than 1000 votes, 872 users who registered
more than 500 votes each, and 7,757 users madethaord 00 votes each.

In terms of link submissions; the user with the tio&k submissions made 1,246 submissions and this
represents 75% of their activity on the site. If ek users by their number of link submissions; fo
11 of the top 30 link submitters this behaviourresgnts more than 95% of their activity on the. dite
we consider again the top 30 voters, none of tlinegk a rate of even 1% link submissions as a
proportion of activity.

These summary statistics provide some evidenceppast of the hypothesis that users will take on
different roles in the running of the site. We h&wosvever thus far only considered users at thedsigh
end of the activity scale; and even in this smetlug there is considerable variation in the dedgoee
which users concentrate on one form of activity.

2.3.3 Links Data

A table displaying information in terms of Links svthe next to be created. The process of populating
this Links table with initial variables was verymsiar to that employed for the Users table. The
following programs were used to carry out thesedi@mations: gopulate link_ids.py-D5) &
(populate_links.py-D6). The Links table contained some additional piemfeimformation taken from
the supplementary explanatory variable tables;etlvesre the sub-reddit each link was submitted to,
whether the link was a self-post, and also the datktime of the link’s submission.



2.3.4 Summary statistics for Links data

There were 370,710 links submitted in March in ltol&,808 (5%) of these were “nullified” by the
site’s anti-cheating code and therefore have zetesvassociated with them. Of the 352,902 links
which were not nullified, 167,668 (47.5%) of thes®y received one vote (i.e. the vote automatically
cast when they were submitted). The link with thestrvotes in March received a total of 5,997 votes,
86% of these being positive.

It is interesting to note that when sorting linkg tbtal number of votes, 10 of the top 30 voted-for
links are Self-posts. A total of 13,353 links amedf-posts, just 3.8% of the total number of non-
nullified links. Impressions at this point suggettat the Self-posts may have attracted a
disproportionate amount of voting activity.

2.3.5 Sub-Reddit data

A table displaying counts of behaviours in termghef Sub-Reddit they occurred in was produced at
this stage ffopulate_SR_ids.pyD7 & populate_sub_reddits.dy8). Most of the fields in this table
were generated from the links table (i.e. numberlimfs and votes per sub-reddit, counts and
proportions of positive, negative and null votés)addition to the variables in User and Links &l
the Sub-Reddits table contains values for the geenamber of votes per link in the category and als
the average aggregate score for a link in the oaye@,184 sub-reddits saw activity in March, btit o
these 730 (33%) only had one link submitted to thExamination of the Sub-Reddits table reveals
that a single sub-reddit accounts for 150,042 @2.5f the links submitted in March; this is the
general/default sub-reddit.

2.3.6 Vote timing

We now move to a consideration of temporal faciorthe voting activity from Reddit in March. Of
all the votes cast on links in March, only 81,62B¢) were cast for links submitted before tfie 1
March (“Old Links”). This gives an initial impressi that the voting activity of users will concem¢ra
on new/fresh links (i.e. whether or not a giverklill receive enough votes to reach the front page
will probably be decided within a few days of itgogission).

Every vote and link-submission event in the datadaecorded date-time; these were supplied in the
format Year-Month-Day Hours: Minutes: Seconds. Thisnat is difficult to work with, so an inbuilt
MySQL function was used to convert the times toxdime. Unix time represents time as the number
of seconds which have passed since midnight Jaridat@70; storing times in this format makes it
easy to find the number of seconds which passetdest any two given points in time.

A program was written to calculate, for each vabe number of seconds which passed between the
link submission time and the time at which the wetss castdalc_and_store_secs_since_link_sub.py-
D9). This program retrieved the times associated withiven link and every vote attributed to it in
Unix time; then subtracted the link-post time frone vote time to produce a measure of “seconds
since link submission” for the votes tables. Thisgpam also divided the “number of seconds since
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link post” value by 60 to generate a “minutes sihicke post” variable, and this was also storedha t
Votes table.

To compliment the measures of real time generdbede it was decided that order variables should
also be generated for votes. Generating theseordes- variables required one of the most complex
and computationally intensive programs written this project §enerate_vote orders.[@y10). This
program cycles through every link ID, extracting lst of vote IDs ordered by the
seconds_since_link_post variable. An accompanystgf vote orders is generated in synchrony with
the extraction of ordered vote IDs. Each vote okggue is also divided by the total number of votes
for the relevant link, to generate a proportionatev order variable. Then the vote order and
proportional vote order values are stored in thée¥dable under the appropriate vote IDs, and the
program moves on to the next link.

This program took about 40 hours to execute, whbead completed every vote (except those for links
submitted before March®™las no submission time was available for thesd)shaote order value and

a proportional vote order value. A vote order ah&ans the vote was automatically generated when
the link was submitted; votes with an order of Zevihe first vote to be cast for that link by aresth
user, vote order 3 was th&2etc. etc. Proportional vote order values rangmfp.0002 to 1. Lower
proportional vote order values mean that the vas vast early in the “voting lifetime” of the linthe
maximum proportional vote order value is 1, andéheotes were the last to be cast on a giventink i
March.

2.3.7 Adding extra variables to the Users and Linkslata-sets.

The next program to be written calculated the nafahe vote order values (proportional and absplute
for each user and stored these in the Users tgopulate_users with_avg_vote ordersjit).
These measures will be used as a rough guide tthema given user tends to vote early or late & th
voting lifetime of a link (average order proportjpand on average how many votes a link already has
when they vote on it (average absolute order).

The program written and executed after tldd_extra_vars_to_users.pt2) calculated a series of
additional user variables. The first of these, agerminutes since link post, is related to the rorde
variables above in that it offers a time-based \eant; the difference is that this measure exdude
automatic link submission votes (which are alwaysi@utes after link submission). Looking at all
three “temporal” averages in combination will gaejuick insight into the number of minutes which
pass after link submission before the user volesnumber of pre-existing votes on the link when th
user votes, and the sequential position of the'sisete relative to other votes on the link befarel
after.

The other variables added in this program relatehtracteristics of the links a user votes on. &hes
include the number of different sub-reddits a wse#ed in and their average number of votes per sub-
reddit; and also the proportion of a user’s votésctv were registered for Self posts. These measures
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will be considered when investigating whether useting behaviour is affected by recorded
characteristics of the links (e.g. are there usdrese voting activity is concentrated on one or two
sub-reddits? are there users who vote much mo8etrinks than other types?).

The next program to be writtenadd_controversy to_links.dy13) generated two more link
measurements which should provide a means of gainsight into the kind of content a given link
represented. These measurements have been tewnuoetioVersy”; the basic measurement was
calculated simply by comparing the number of pesithind negative votes on a link and taking the
smaller number. Therefore this measure can be tliaidgs the number of votes on a link which were
cancelled out by votes in the opposite directidmniswas represented as an absolute value, anéslso
a proportion of the larger figure (e.g. 0.1 meaf%olof votes were negated by votes in the opposite
direction, low controversy; 0.9 means 90% of votese negated by votes in the opposite direction,
high controversy).

Finally, several scripts were written and executddch added some extra variables to the Users,
Links and Votes tables. A scripygnerate_user_reg_order.f324) was written to rank users’ 1D
numbers; these ID numbers are generated when argsges their account, so smaller IDs represent
older accounts. In the raw data ID numbers range ff7,713 to 5,774,442; these have been ranked
from 1 to 102,232 to provide an ordinal measuréak old a user's account on the site is (smaller
equals older). The Links and Votes tables alsoivedetwo additional variables each at this stafye; t
hour (0-23) and day (1-31) of submission were réedrseparately to the full dates and times, foe eas
of access.

Extracts from the data tables used during theiotlg analyses are included Appendix F.

3  Analysis of Users data

3.1 Descriptive statistics and exploratory analysis

A total of 102,232 users registered at least orte ywhich was not rejected as spam) on Reddit in
March; therefore the full Users dataset which wesdpced contained 102,232 cases. This number
gives an immediate indication that the vast majawit people who browse Reddit (5,664,590 unique
users in March) do not contribute in any way toidieg which content appears on the site. 33,589 of
the users who were active in March (33%) only tegesl one vote; while at the other end of the
spectrum the user with the most votes registered7B3votes in March. The following histograms
(Figures 3.1-1 A-D show that user voting frequency follows an expuaiaé distribution.
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Figures 3.1-1: showing (A) The entire range of vatig activity (B) Users with between 2 and 100
votes (C) Users with between 10 and 100 votes (Dgdys with 100-1000 votes.

Link submission frequencies also follow the expdrrdistribution Figures 3.1-2 beloy. These
distributions suggest that the activity levels aéddit's User-base (both voting and submissions)
conform to the Power-law cited above as frequdming associated with online communication.

42,788 users (42%) made no link submissions in Mared 26,190 users (25%) made just one link
submission. The user with the most link submissiorgle 1,246, and this represented 75% of their
activity on the site. Of the top 30 link submittatssubmitted more than 430 links; for 28 of th&fe
users, link submissions represented more than 3abew activity in the data; for 11 of these 3@rs
link submission represents more than 95% of thetivity. If we compare these users to the top 30
voters; none of the top voters had a link submissate representing even 1% of activity.
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Figures 3.1-2: showing the number of link submissits per user (A) for the full range of
submission behaviour, and (B) for only those Usemsith between 2-50 link submissions.

If we look at link submission as a proportion ofiéty on the site Figure 3.1-3A below we can see
that many of the users have a link submission ptmpoof 0 (42,788 users - 42%) or 1 (37,434 users
37%). Of the users with less extreme link submisgooportions; most have between 0-20% link
submissions, but there are also some small peaksand the 35% and 50% marks.

In terms of voting direction, 62,700 (61%) of useegistered only positive votes in March (this
includes all users who only submitted links), whilgb42 (2.5%) registered only negative votes.
Figure 3.1-3Bbelow shows the proportion of users’ votes whichengegative; there are again a large
number of users at the 0% end of the scale, buhdingber of users at the 100% end of this scale is
much smaller than seen with proportional link sugsiuns.
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Figures 3.1-3: (A) showing users’ link submissionas proportion of activity, and (B) showing
users’ negative votes as proportion of total votes.
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3.2 Clustering Users

Exploratory analyses revealed that the count vesalvhich will form the basis of user clusteringy(e
vote and link submission frequencies) are all eeptially distributed. This means that the bulk of
users are situated towards the very low end oresaakasuring activity; critical variables to coesid
if we wish to understand how the site’s user-basaraderating its content. Given that the impontanc
of a user’s role in the moderating the site’s conie in some way proportional to their level of
activity, the users which are the most interesirggthose who are most active.

3.2.1 Minor issues with the Users data

Some problems with variable values that could neegigt effect clustering were noted at this stage.
Users’ average voting order should have a minimataesof 1, but 417 cases were found with a value
of less than 1; similarly users’ proportional liskbmissions should have a maximum value of 1 but
2,665 users were found with values greater tharhé.first issue comes about because the user only
registered votes for “old links” (i.e. those subett prior to the 3 March); these votes were not
considered when generating average user votingstethis is only a problem when the user only
made votes on old links (therefore they would haneaverage voting order of 0). The second issue
relates to the site’s anti-cheating code, and coabesit because some of the users’ link submissions
were rejected as spam but there are still tracdbasfe in the data. The solutions to these problems
were to remove the 417 users with average votidgroof less than 1 from the clustering analyses
altogether; and to change the proportion of linkrsissions to 1 for users who had a value greatar th

1.

3.2.2 Choosing a clustering algorithm

Clustering on the raw counts was likely to resnlthe total votes variable dominating the procdss o
cluster formation, with most clusters concentratimgthe low end of the scale where most of the data
were. This suspicion was confirmed by running salvErmeans and Partitioning Around Medoids
analyses (more specifically: the CLARA (Clusteribgrge Applications) implementation) in the
software package R. Results with the K-means dlgariwere highly sensitive to the algorithms
starting point due to the large and exponentiaibfridhuted nature of the data-set. K-means clusters
also tended to concentrate on clusters represensags with relatively small numbers of votes, the
cluster with the largest number of votes havingeamof about 50-150. The CLARA algorithm had
similar difficulty producing clusters which repreged users at the higher end of the activity sdale,
faired slightly better here than K-means. CLARA tsaine other advantages; its basis in medoids
rather than means makes it more suited to this &drtthta, it produces stable solutions, and analyksi
average silhouette widths offers a way of easilyngaring the fit with varying numbers of clusters.
For these reasons most subsequent clustering asdhgve been undertaken by Partitioning Around
Medoids (using CLARA).

3.2.3 Transforming the data to make it more suitedo clustering

It was clear that the raw count data needed toaresfiormed prior to clustering if we were to progluc
useful clusters. Two methods of transforming dagaenavailable; standardising all of the variabkes (
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that the numerical range of each was more sintias giving them more equal weight) or manually
re-coding them into factors.

The first method of data transformation to be erygtbwas standardisation, and this was done in two
ways. Firstly, variables were transformed by sudbing their mean, and dividing by their standard
deviation (this approach has the advantage thateslumedoids could be easily back-transformed to
yield interpretable values). Average silhouettelttvifor clustering solutions with between 2 and 65
clusters suggested that the optimal solution f@r skandardised data was just two clusters; ormge lar
cluster with a very small activity level and onewemall cluster with a medium activity level. The
second means of standardisation was employed thrtheysoftware package SPSS, and resulted in
variables which all had a mean of 0 and a standavihtion of 1. The average silhouette width fas th
approach suggested that either 3 or 4 clusters o@mmal, depending on exactly which variables were
being considered. These clusters were howevercdlffio interpret, and it was felt that a detailed
summary of user behaviour would need to utilise yrmaore clusters.

At this stage the second method of data transfaomatvas employed; re-coding variables into
categories and clustering on these categories. appwoach immediately produced more useful
clusters which covered the spectrum of user agtleiels much more adequately. This approach also
had the advantage that specifics of how variableseveoded could be tweaked to produce better
clustering solutions. This approach appeared tthéenost suited to generating useful and intergstin
clusters; therefore it was decided to focus atbentin finding the selection of variables, and means
re-coding these, which would produce the bestitih the data.

3.2.4 Finding the best Users clustering fit

In this process of refining the clusters betweem2® 30 different data-sets were assessed, edtlawit
different combination of indicator variables orfdient way of factoring these. For each data-set
produced: the CLARA function was used to generdwstering solutions with between 2 and 65
clusters; these were then compared by averageusiiteowidth to determine the optimal number of
clusters for that data-set (average silhouettehnpdivts for the final version of each data-set teltex

are included inAppendix A). CLARA was then used to fit this clustering saat (with optimal
number of clusters) to the data and the resulte wepected to see what the clusters represented an
how well the cases in the data fitted the clusteseng silhouette plots and Wk statistics).

Details of all data-sets considered in this proe@isnot be reported here; instead we will concatd
on the final data-set produced for clustering, dbsty precisely how it was produced then moving on
to interpretation of the clusters.

Variables included in the final Users clusterintguson were as follows: Total votes, ID age, Avezag
Absolute Voting Order, Proportion of Negative vgtBsoportion of Link submissions, and Proportion
of votes registered for Self-posts. Total votetmken as the most important of these variablealsss

it represents a user’s total level of activity imetdata; it was therefore broken down into nine
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categories, while ID age and Average Voting Orderaasplit into five categories each (details below
in table 3.2.4-). Proportional variables (Negative votes, Link sugsions, Self votes) all have values
ranging from O to 1; left as they are, these véeslwill have much less weight in the determinatibn
clusters than the 5/7 point scales. These variatdekl be transformed such that they take the same
range of values as the aforementioned factors; ewsome of these variables (in particular,
proportional link submissions) have the majority aafses situated at the extremes of their scale.
Variables like this would tend to take on much maveight in cluster determination than an
exponentially distributed variable like total voiethey were represented on the same scale.

It was therefore decided to leave the proportiorsilables used in clustering on their original 0-1
scale; this would limit the extent to which theseiables helped to define clusters, but it wouildl s
possible to look at differences in these propogibatween clusters.

Table 3.2.4-1below shows details of how count variables wereaded into factors. ID age is a
measure of when a user account was created ointeha salue of 1 represents roughly the oldest 20%
of accounts, while a value of 5 represents the seaecounts. No additional information about these
ID ages is available; they were not explicitly sligb in the received data, instead they have been
opportunistically extracted from the data becauseeasure of account age was sought. ID age re-
coding parameters are straightforward (5 categ@aed representing 20% of users) and therefore are
not included irtable 3.2.4-1

Total Votes Average Absolute Voting Order
Level | Total Votes | No. Users | % of Votes Level | Voting order | No. Users Label
1 1 33,217 1% 1 1 39,684 Link Submissions
2 2-5 24,025 2.2% 2 1.01-10 5,769 Fresh Links
3 6-10 10,503 2.4% 3 10.01 - 100 12,016 Young Links
4 11-25 12,584 6% 4 100.01 - 500 | 30,142 Established Links
5 26 - 50 7,810 8.2% 5 500.01 + 14,138 Large Links
6 51-100 5,920 12.2%
7 101 - 200 39,50 16.2%
8 201 - 500 2,869 25.7%
9 500+ 867 26%

Table 3.2.4-1: showing factor definitions and fregancies for the re-coded Total Votes and

Absolute Voting Order variables.

As previously noted; Total votes has more categdsecause we wished to bias the clustering solution
towards using this important variable, and alsoamls producing clusters which represent userseat th
higher end of the activity spectrum. The columriable 3.2.4-1,showing the percentage of Votes
attributable to users from each Voting activity éanlustrates why it is important to have clusters
representing the users at the high end of the votals measurement. 51.7% of all votes registened o
Reddit in March are attributable to just 2.8% o #ctive users, with 26% of these coming from the
top 867 voters. 13.4% of active users in March n&$é of the votes registered.

Average Absolute Voting Order is the mean ordea aker’s votes, a voting order of 1 means that the
user was the first to vote on a link (i.e. theymiited the link), the higher the voting order therm
people voted on the link before the user. Thisalde has been included for two reasons; firstly, it
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allows us to differentiate between users who vatdresh links and those who vote on established
links - in doing so it might be possible to identigroup(s) of users who are disproportionately
responsible for determining which content will be@popular (possibly the Users who preferentially
vote on fresh links). This variable was split i@egories in a way which maximised its usefulness
for this purpose; the labels table 3.2.4-1above illustrate what these categories represent.

The second reason for including this variable & ih will add more weight to link submissions in
clustering; as a voting order of 1 means the uskemdted the link, a mean voting order of 1 means a
user’s only votes were those which accompanied duibmissions. As this value of 1 exists on a 5-
point scale it will have more weight than a 1 oe fitoportion of link submissions variable. This is
desirable because whether a user submits linketeswvith their account is second in importance onl
to their level of activity; and exploratory analgssuggest that most users will either always oenev
submit links, so the clustering solution shouldabée to reflect this.

There were many other User variables that coulde Hasen included in the final data-set to be
clustered; the number of variables was deliberdiatited to include only those which were good
indicators of the most important attributes of usenaviour, and efforts were made to avoid inclgdin
variables which represented the same informatioulifferent forms (e.g. percentage positive and
negative votes are inversely related, counts ofeaxgde votes or link submissions are related to the
count of total votes, and average minutes sin¢éedost is indirectly related to average voting oyde

One variable which seemed to provide a useful irisigto the data but was not included in the
clustering solution is average proportional votorger. This variable gives an indication of when a
user voted in the “voting lifespan” of a link whicould be very informative. If this variable was
combined with absolute voting order it could befukm identifying any users with disproportionate
influence over which links become popular and nezea lot of votes. This variable was excluded
because of its usefulness in associating user tyitbslink success. If clusters are formed with an
indicator of link success built in, this could imdiuce an artificial correlation into the later afsais of
relationships between user types and link typethodigh this variable was not included in clusteiling
has been singled out for analysis later in thearebe(see sectioh.4.]).

The fit of promising looking clustering solutionsagvalso assessed more formally by comparison of
their WK statistics. Wk offers a measure of diseabetween cluster centres and the cases attribmted
each cluster. This was calculated by first finding raw data variable medians for members of angive
cluster, then for every member of that cluster eamfiable measure was subtracted from its median
and the results squared and summed; this was egpfatmembers of every cluster to produce a total
Wk for the whole clustering solution. These valuese initially calculated on raw data scores bet th
differing scales of variables caused problems hereportional measures such as proportion of link
submissions or negative votes could only be wrong maximum of 1; whereas the ID_Age variable
ranged from 1 — 100,000 and was uniformly distedolitso it was not uncommon for a case to be off
by 10,000 on this measure. For this reason Wkssitzdiwere calculated on standardised dsdanple
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R code in Appendix B, variable means were subtracted from the raw siatee and they were then
divided by their standard deviation; this made ¢bstributions of different variables to the Wk much
more consistent. Wk scores for a range of solutesaseported itable 3.2-2below; these include the

optimal 58-cluster solution based on variablesatsgorised ir3.2-1above.

Clustered on (optimal 2 clusters 18 clusters 58 clusters
Raw data (18) 576448.4 527513 521260.6

Standardised data (2 649463.1 533516.3 528605.5

Categorised data (58 493253.7 379342.8 318580.2

Table 3.2-2: showing WKk statistics for nine clusteng solutions; clusters formed on raw data,
standardised data and categorised data, with the spective optimal number of clusters
(determined by silhouette width) for each data type

3.3 The optimal Users clustering solution

The best clustering solution for this final Useetadset involved fitting 58 clusters. This is quatéot

of clusters to interpret, but we are dealing wittaiye data-set (101,759 cases after the removal of
users who only voted on old links) and each ofdixevariables being considered could provide a lot
of insight into patterns of User activity in thet@alThroughout the process of refining the varighe
clustering the optimal number of clusters tendedntwease with each iteration of the data-set; the
composition of these clusters was however quitBlestanany clusters persisted through all iterations
of the data-set despite variation in the data asetithe method of coding it.

These clusters were fitted on six variables (asritesd above), variables used were limited to those
which reflect the nature of a user’s actions arallakile contextual information (as it was at thedia
user acted); these clusters were formed on vadabk bear no indication of what happened to the
link a user submitted or voted on after they méwér tcontribution.

Clusters intable 3.3-1(overleaf) have been ordered first by their medating category and then by
their size Cluster medoids for all interpreted clustering soldions are re-produced inAppendix A.

In table 3.3-1clusters have been coloured to indicate their noetidal votes category, as this has
been deemed to be a very important characterigsier clusters with small tal votes medoids have
lighter , While those with@ & Vote! hav oe][e]8]. This saern of colouri
M : o] represent voting activity levels in other clustgrsolutions below.

It is immediately apparent that the “link submissaas proportion of activity” variable seems to be
useful in determining the types of user these elgstepresent. 48 of 58 clusters have a propodion
link submissions which is either 0 or 1, suggesthmg most of the clusters represent users whereith
always or never submit links. Where a user type &dmk submission proportion cl;

and theNNNEIRRREREE ' These columns
have been highlighted because the medoids thewiooate always the same when the proportional
link submission is 1; these columns represent #e’sl average voting order (always 1, because the
user only casts votes which are automatically geedrwith their link submissions), proportion of
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negative votes (always 0), and proportion of vatlesSelf posts (this proportion does not have t0,be
but for these clusters it always is; suggestind geople who only submit links tend not to submit
‘Self’ links). Where a cluster has a % link subriessmedoid of 0 its colour is not changed, where a
cluster has a % link submission of between 0 artdese cells has been highlighted with a white
background.

Order 1
Order 1

Order 2 - 10

Cluster | Total Votes ID age | Voting Order % Negative | % link submission | % self votes | Cluster size
35 1 vote 5 Order 1 (0]
39 1 vote 4 Order 1 0]
14 1 vote 2 Order 1 0]

6 1 vote 2 Order 101 - 500 0 0
7 1 vote 3 Order 11 - 100 0
24 1 vote 3 Order 1 0]
33 1 vote 3 0 1
3 1 vote 1 Order 2 - 10 0 0
56 1 vote 5 Order 2 - 10 0 0
4 1 vote 1 0 0
44 1 vote 2 Order 2 - 10 0 0
18 1 vote 1 0 1

Order 1 (0]

Order 1 0]

11 6 - 10 votes 3 Order 101 - 500 0.125 0 0.125 2559
13 6 - 10 votes 3 Order 500+ 0.3333 0 0.1111 1889
5 6 - 10 votes 1 Order 500+ 0.3 0 0.1 1736
17 6 - 10 votes 1 Order 101 - 500 0.4444 0 0.1111 1403
51 6 - 10 votes 4 Order 11 - 100 0
55 6 - 10 votes 5 Order 1
54 6 - 10 votes 4 Order 1
41 6 - 10 votes 3 Order 1
57 6 - 10 votes 5 Order 500+ 0.3333 0 0 395
8 11 - 25 votes 1 Order 101 - 500 0.48 0 0.04 2395
28 11 - 25 votes 2 Order 101 - 500
1 11 - 25 votes 3 Order 1
37 11 - 25 votes 2 Order 500+ 0.2308 0 0.2308 1625
2 11 - 25 votes 3 Order 101 - 500 0.3333 0 0 1580
48 11 - 25 votes 5 Order 101 - 500 0.2308 0 0.0769 1484
29 11 - 25 votes 3 Order 500+ 0 0 0.25 1146

11 - 25 votes 2 Order 2 - 10

26 - 50 votes 1 Order 101 - 500 0.0789

26 - 50 votes 2 Order 101 - 500 0.2444 0.1778

26 - 50 votes 3 Order 101 - 500 0.3448 0 0.2069

26 - 50 votes 3 Order 11 - 100 0.0526 0.1842

26 - 50 votes 3 Order 500+ 0] 0.0213

26 - 50 votes 1 Order 2 - 10 0.0238 0.0238
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26 - 50 votes Order 1

26 - 50 votes Order 2 - 10
51 - 100 votes Order 101 - 500
51 - 100 votes Order 101 - 500
51 - 100 votes Order 101 - 500

51 - 100 votes Order 1
101 - 200 votes Order 101 - 500
101 - 200 votes Order 101 - 500
101 - 200 votes Order 101 - 500
201 - 500 votes Order 101 - 500
501+ votes Order 101 - 500

Table 3.3-1. showing cluster centre medoids for thignal Users clustering solution.

Colours have also been applied to some clustershy@rder, proportion negative votes, and ID age
medoids. Where a cluster has a voting order m (; this has been highlighted Wit
; it has already been suggested that users whoovoteesh links might
be noteworthy as fulfilling a particular role oretkite. Users with S
have been highlighted using a
of 1 or 2arebold, these represent older user accounts.

The number and size of clusters representing lwsidn_tends to decrease as

we move down the list and consider the clustersiwhepresent more active usef$§% of users with

1 vote fall into this categor. of users in thlﬂﬁ% of users in the 6-10 votes
group, 14% in the 11-25 votes grou. [Im4E126-50 votes grou and- in the
also fell into this category. Of the five clusteepresenting users with a medoid of more than
100 votes, none represen

Users withlD ages

Most of the users at the top of the table who dbaite a link submission proportion BH0% activity
tend to have a proportion of 0%. This is a givenugers in the ‘one vote’ group who must eitherehav
a proportion of 0 oI, but it is surprising that so few of the usershia other 'low votes’ groups have
been placed in clusters representing a user type libth votes and submits. Of the 41 clusters
representing users with a total votes medoid oféen 1 - 25, only two represent users that both vot
and submit links (representing just 2% of userth@se clusters). This is in stark contrast to tveel
end of the table representing user clusters widrger total votes medoid; about half of the cliste
representing users with more than 25 votes hakeslithmission proportions of between 0 and 1; with
half the users in this group being placed in tlebgsters.

Considering these “proportion of link submission&aians across the full spectrum of activity levels
suggests a number of trends in this data. At ttmeﬂ.j of the activity spectrum (1-25 votes) users
are very likely to prioritise one form of activi{y.e. voting or submission) and marginalise or egel

the other. Within this group that either votes wbrmits, the users with the lowest activity leveislb

are most likely to b-; with the chances of someone being a ‘voter’ iasieg with their
level of activity. This suggests two main typesimfequent or casual user; those who submit and
those who vote. The shift from submission to votihaviour with an increasing level of activity
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could reflect the level of effort involved in ea&ind of behaviour; casting a vote merely involves
clicking an up/down arrow, while making a submissiequires an idea for something to submit, a title
for the submission, a choice of which Sub-Reddgubmit to, etc.

At the of the ; frequent users are more likely to fall into aegmiry which

represents a combination of voting and submissigmabiours. There are however still quite a few
clusters in the 26 — 200 votes group which havelkadubmission rate medoid of O ';r suggesting
that the tendency to use an account for eithengadr submitting can also be found among some of
the more frequent users of the site.

While we are considering trends which concur wiitréasing activity levels, let us look at the acttou
age factor. There seems to be a tendency for olskar accounts to be more active, 79% of users in
clusters with medoid “total votes” , had a medoid “account age” in the oldest 40%.
A trend like this is not surprising, it is expectétht users who have been active on the site for a
number of years will be more active than those wheated an account in the last month (it is
unfortunate that out measure of account age isnooé specific about when accounts were created).
This trend is however not particularly strong faeu accounts in the oldest 20%; clusters with this
medoid tending to be found more towards the midyeant the activity spectrum.

Account age would appear to have a stronger relstiip with one’s proportion of link submissions
than with level of activity. Of the clusters repgating users th_; none have an
account age medoid in the oldest 20% and just twbeorelatively small clusters have an account age
medoid of2. This suggests that is much less likely for older user
accounts.

If we consider next a user’s average voting orbex rieveals another possible difference betweert sho

and long term users. AAVEIEERT R CCIgo AR, i.e. someone who tends to vote on fresh links,

has previously cited as being of particular intenreshese analyses. There SRS SRRl
, and six of them have an account age medoid inoltiest 40%. This could signify that

longer-term users of the site recognise the inet@amportance of votes cast early in a link’s vgtin
lifespan, and are more likely to use their votethia way. The relatively large “proportion of nége
votes” medoids for clusters with this vote ordeareltteristic would tend to support this hypothesis.
Any such support is however tentative; becausentigiasure is based on a mean, users who registered
even one vote late in the lifespan of a link (@eler of over 1000) would be very unlikely to bagqed

in this average order category. This probably erplavhy none of the users in the more active ctaste

have arg\EEEERZeieIcCIgnEeele oA : we will return to this issue later in the analyses

(section 5.4.1).

Looking at the proportion of negative votes medo@lsals that 34 of the clusters represent usets wi

at least one negative vote; eight of these reptesans Wit_otes, thieh

remainder having medoids quite evenly distributetideen 0 and 50% negative votes. Of the clusters
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representing users who never voted negatively; A submitted links (so no chance to vote
negatively), leaving 10 types of user who only qgasgitive votes (by choice).

There are a few clusters with particularly intereghegative votes medoids. Cluster 19 represes#ts 9

users whose activity on the site consists of (48k)submission an tes cast early
in the life of links. These users could be usingirtiaccount to search out and vote down links which
might compete with those submitted by themselviesreby increasing the chances that their link

might be successful; this type of user tends to beotvery active howev tes).
Cluster@ and represent users who are quite active vo and | votes respectively)

and have a strong tendency to vote negati is however the smallest of all clusters with
just 82 members. All three of these active clissteith a lot of negative votes have l@hage of 1 or
2, suggesting that these users tend to have acciouthisoldest 40%

Considering now the proportion of Self votes medpitve can see that most of the clusters
representing more active users indicate some tehasttivity related to “Self” content. However, all

the user types Wh_ have a proportion of Self votes medoid of 0, sutingshat
these users have a very strong tendency to submlyitlioks to external sites. This could be quite a
revealing relationship, and highlights an interggtaspect of the “Self’ link. As these links do not
direct to external sites, the only purpose oneatalve in submitting a link like this would be teld

to the reddit.com community (this could be gaudingir opinion to something, their responses to a
particular question, or to highlight some aspectth® poster's personality to the community or
enhance their reputation). While it is possiblet thauser could submit an external link for similar
reasons to those identified for self links; there another set of possible motivations which cdaéd
quite strong here. As noted previously, a link vishimcakes it unto the Reddit front page can bringta |
of traffic to that internet location; this charatséc of the site would be a big attraction toiinduals
wishing to promote their own website (or being pmiggromote someone else’s). It is conceivable that
some individuals might sign up on Reddit for théesaurpose of using it to promote their own web
content; these would most likely be users who salymit links.

If we consider the interactions between proportadnlink submissions, proportion of self votes,
account age and level of activity in these clusterdoids; we can begin to see the markings of
something which could be termed “community invohesti. A 100% link submission rate would
seem to suggest a user type with low communitylireraent; these users very rarely submit Self links,
so every behaviour they exhibit could be servipygose external to Reddit. The fact that thesesuse
tend to have newer accounts and aren’t usually &etiye would support the idea that they have low
community involvement. Conversely, users who makeenvotes on other peoples’ links, who vote
more on Self links, who are more active and whoehalder accounts (medoids on these variables
seem correlated to some degree) are more likehate a high level of “community involvement”. It
will be interesting to see whether any evidencd b found to support this hypothesis when we
consider the relationship between user types akdypes later.
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4  Analysis of Links data

4.1 Descriptive statistics and exploratory analysis

There were 370,710 links submitted to Reddit in dharof these 17,808 (5%) were rejected by the
site’s anti-cheating code and will not be considdrether; this leaves 352,902 links for analy$§i$.

all the votes cast in March, only 81,630 (2.5%) evexgistered for links submitted before March 1
suggesting that the turnover of popular conterthersite is quite fast.
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Figures 4.1-1. Histograms showing (A) the number dinks which received between 1 and 100

votes and (B) the number of links which received i&een 100 and 1000 votes.

Figures 4.4-1 A and Babove suggest that the number of votes per lidlovis an exponential
distribution. 167,688 of the links not rejectedsaam (47.5%) only received one vote, the vote which
was automatically generated by the user who subdittiem. At the other end of the scale, the link
with the most votes in March received 5,997 vo8&94 of these being positive).

The direction of votes registered on links can $seased in several ways. The easiest way to dsthis
to look at the links positive — negative aggregatere.Figure 4.1-2A (below) suggests that these
scores are normally distributed in the area immebjiaaround the zero score, but there is a much
greater positive tail to these scores. The mogatne score produced by any link was -624 but this
was somewhat of an outlier, only two links had ereanore negative than -25; whereas the link with
the most positive score achieved a score of +4,BBi8.skew to the distribution reflects the mechani

of how the site works; once a link has a negatiggregate score it does not appear in any easily
accessible areas of the site, therefore it will gpear for people to vote on presumably unlesg the
are deliberately searching through unpopular canfidns aspect of how the site works suggestsithat
we wish to consider how positively or negativellnk was received the best way to do this is with a
proportional measure.

Looking at the proportions of Negative votes pek loverleaf Figures 4.1-2B+Q, it is clear that the

majority of all links only receive positive votdsjt this includes a lot of links which only receivene

vote, from the user who submitted them. There $® al substantial number of links which received
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50% negative votes, which would leave their aggeegaore at 0. If we consider the sub-set of links
with more than 100 votes a much clearer distribugmerges; this is a normal distribution with mean

of around 18% and tails which reach the 0% and 508tks. This abrupt halt at around the 50%

negative votes value is another marker of the machkaof link voting on the site; once a link has a

proportion of negative votes greater than 50% it ivve a negative aggregate and therefore be
unlikely to elicit more voting.
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Figures 4.1-2 (A) showing aggregate scores betwed®0 and 100 for links with more than one
vote. (B) showing the proportion of Negative voteeceived by all links. (C) showing the
proportion of Negative votes received by links withmore than 100 total votes, and (D) showing
the proportional controversy score for this same goup.

An alternative measure, proportional link contreyemight also be useful in classifying links based
on how they were received by Reddit users. Thigalbbe expresses a link’s votes as the number of
negative votes (or positive, whichever is smaltgv)ded by the count of the more frequent vote type

this yields a measure reflecting the percentageotds on a link counteracted by votes in the opposi
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direction. A proportional controversy value of ktbfore means that the link will have an aggregate
score of 0 regardless of how many votes it receimetal. Figure 4.1-2 above shows proportional
controversy for the sub-set of Links with more tHi#® votes in total.

This measure could be more useful in differentatietween links with quite a few votes than the
proportion of negative votes; it can take valuebetiveen 0 and 1 for any quantity of total votes, a
opposed to proportion of negative votes which seessicted to between 0 and 0.5 for links with a
moderate number of votes. The advantage of theopiiop of Negative votes variable is that it is
possible to identify links which were overwhelminglisliked, proportional controversy values do not
specify which direction an aggregate will be ine$é two variables will therefore both have a place
the analyses conducted on Links data.

4.2 Clustering Links

Links were then clustered based on selectionseoattailable variables; this clustering was carget
using a similar approach to that employed with ¥sdustering. Variables used at this stage all
represented either the amount of voting activityereed by the link or the direction of these votes;
these were clustered as raw, standardised, angocested values. It quickly became apparent that the
range of variables available were not adequatenete useful clusters; to improve the usefuloéss
these clusters more information about the natut@efinks was required. In the absence of acaess t
the actual qualities of the links, the only avaiaimformation about what a link might represenswa
the Sub-Reddit it was submitted to. There were£ &tive Sub-Reddits in March, so using the Sub-
Reddit itself as an indicator variable was not ileas For this reason it was decided to shift fotms
clustering the Sub-Reddits, if this was successfubuld be possible to use the Sub-Reddit typaras
indicator when analysing links.

4.3 Sub-Reddits on Reddit.com

4.3.1 Descriptive statistics and exploratory analys

Sub-Reddits on Reddit.com are essentially sub-oat=syof content. The largest Sub-Reddits are by
default displayed as buttons at the top of the siteen a user clicks one of these buttons they are
presented with only the links from that Sub-Redtliese are by default sorted by aggregate scores
weighted towards more recent votes. The defaulterddits (on August 202009) included topics
ranging from “Politics”, “Technology”, “Science” dn“Business” to those labelled “Pic[ture]s”,
“Funny”, “Offbeat” and “Videos”. Default Sub-Redditalso include “AskReddit”, devoted to Self
posts asking questions of other users; and “Bestidtlicated to links to material on Reddit itself
(usually comment threads).

In addition to Sub-Reddits which serve particulargoses, there is a General or Main Sub-Redds; thi
is the default category for a link to be submittedand 150,042 (42.5%) of the links submitted in
March were submitted here. The size of this “Subld®® suggests that it is not a Sub-Reddit in the
sense that those serving particular topics aretlagr@fore that it should be handled separately.
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The other function of Sub-Reddits on the site it thsers who have created accounts can specify
which Sub-Reddits they subscribe to. If a user nmamne of the default Sub-Reddits from the list
they subscribe to then they will no longer seediflom this Sub-Reddit on the site’s “front page”.
The default Sub-Reddits at any given time are datexd according to level of activity/subscriptions.
This mechanic of how the site works will most likébad to a sharp divide between the activity Isvel
of Sub-Reddits which are large enough to be indudehe default list; and those which are too $mal
to make it unto this default list (material on teeSub-Reddits is therefore only going to be seen by
users who have subscribed to them). The choicstezgd Users make about which Sub-Reddits they
subscribe to therefore fulfils two functions. Hysit determines the types of content which therus
themselves will be exposed to. Secondly, the uasetas a whole, by their individual choices of
subscriptions; determine which types of content bal displayed by default (i.e. the types of cohten
which will appear to the many users of the site Wwhoe not registered an account). This is signmifica
because it allows the democratic determinationopiybar content to operate at a second more general
level. Surprisingly, this aspect of the site’s denatic system receives very little attention. Re&to

the prominence of the link and comment up/downngin the site, this second process is like an
obscure footnote to the site’s workings.

4.3.2 Clustering Sub-Reddits

The main sub-reddit will not be included in the gass of clustering Sub-Reddits; due to its large si
this sub-reddit will be treated as its own typee Temaining sub-reddits were clustered accordirgy to
variety of variables, usually standardised. Averaifj@ouette width was again used to determine the
optimal number of clusters for any given combinataf variables. Wk statistics for some of these
clustering solutions are included ihable X below; these values have been calculated using
standardised variables.

Clustered on (optimal) 2 clusters 10 clusters
Raw data (2) 10355.5 8499.39
Standardised data (10) 10355.5 3369.67

Table 4.3.2-1. showing WKk statistics for some SubeRldit clustering solutions.

The best clustering solution for Sub-Reddits inedlVitting 10 clusters on five standardised vaeabl
Variables included in this solution are as followstal Links, Total Votes, Aggregate votes per Jink
average proportional controversy and the proportib&elf links in the Sub-Reddit. These variables
were chosen to prioritise the level of activitytiee Sub-Reddit (link submissions and voting), also
paying attention to how links were generally reedi\by voters in the Sub-Reddit (Aggregates and
Proportional controversy), and whether the Sub-Reddeived a lot of Self links.
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Cluster | Total Links | Total Votes | Agg per Link | % Controversy | % Self | Cluster N
1 150042 516775 1.93 0.1763 0.02178 1
2 1969 23521 6.51 0.5313 0.0747 18
3 1729 63923 19.76 0.5622 0.0133 12
4 183 9213 35.28 0.2654 0.1967 5
5) 82 968 6.93 0.3926 0.0000 191

Table 4.3.2-2. showing back-transformed cluster mexds for the 10 clusters generated using
CLARA (plus the general sub-reddit type); ordered,coloured and re-labelled by total number of
links received.

The Sub-Reddit clusters suggest that there areypas of Sub-Reddits (SRs), other than the general
one, which receive a lot of link submissions. These Sub-Reddit types are most likely those whixh
weew on the default list of Sub-Reddits in Marchfautunately as this default list is re-generateohf

day to day it is not possible to confirm this. Tret of these (type 2) has 18 members and prodaced
medoid of 1,969 links; the second (type 3) has Eirers and these see slightly less submission
activity but much more voting activity. Links ingg 2 SRs achieve an average aggregate of +6.5 votes
while those in type 3 SRs have an average aggregate of +20. This suggests that links in type 3
SRs see a lot more voting activity on average,thatproportional controversy of links in these SR
types is similar.

The fourth SR type is much smaller, representing ®Rich receive far fewer links, but where these
links do very well on average; links in this SReypave a medoid Average Aggregate of +35.28 and a
lower average proportional controversy. This wasddgest that the links submitted to these SRs have
a higher likelihood of receiving positive votes ththose submitted elsewhere. SR types 5 and 6
represent larger clusters of Sub-Reddits whichiveca moderate amount of link submission and
voting activity. The remainder of SR types représeunb-reddits that receive very little activity;eth
largest SR type has 1,213 members; these are td@sad by having just one link and one vote in
March.

Subsequent contact with Reddit allowed us to potegato some of the Sub-Reddits making up these
types. For the two Sub-Reddit types representirgeland active Sub-Reddits (types 2 and 3); tlere i
little relationship between the topics of these -Rduldits and the Types they have been assigned.
Type two includes the following Sub-Reddits: Busise Sports, Gaming, Entertainment, Linux,
Videos, AskReddit, Environment, Economics, Musid dfews. Type three includes the following
Sub-Reddits (which tend to receive fewer links budre votes per link): Politics, Science, Pics,
Worldnews, Technology, Funny, Bestof, Programmifg.expected, Sub-Reddit type five contains
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moderately active Sub-Reddits with mostly nichadsgikely to appeal to small sub-sets of the User-
base. These include the following: StarWars, Gegmitotorcycles, iphone, Survivalist and Hockey.

4.4 Clustering Links re-visited

Sub-Reddit types were added to the Links data+set ¢hat every link was assigned to one of the
eleven sub-reddit types based on the sub-redd@stsubmitted to. This variable was then incluaed i
the clustering of links as a factor. Many clustgrgolutions were fitted to this new data-set, fwlltg

the same protocol as earlier clustering attemptse Tata were transformed (standardised or
categorised) and silhouette width (for between &%oclusters) was used to determine the optimal
number of clusters for each set of variables camel

WKk statistics were calculated for promising fitsdatihhese were used to aid in choosing the best
clustering solutions. Sub-Reddit type was not abergid in the Wk measures for link clustering
solutions as this is a nominal measure. Wks wesedan standardised measures of total votes,
aggregate votes, proportion negative and propaticontroversy; and also on the binary Self vagabl
Links’ Wk statistics were based on a random sampl&5,000 links, due to the large size of the links
data-set — i.e. the amount of computation requicedenerate a Wk statistic encompassing all the
Links was too great. Some of these WK statistiesaeluded irtable 4.4-1 below.

Variables used Wk
All standardised variables 182263.188239706
Standardised variables without Sub-Reddit type 18583598424
Raw variables 185474.580443557
Categorised variables 211980.720449992

Table 4.4-1. showing Wk scores for 47-cluster soions fitted on different sets of variables.

The above table of Wk scores suggests that adde&ub-Reddit type factor improves the fit of the
clustering solution over that produced without thaw factor. Clustering links based on manually
categorised values seems to produce a much wdrgeador Links.

The clustering solution which will be interpretendgoursued is that which used standardised versions
of the Total Votes, Aggregate score, ProportionN&gative votes and Proportional controversy
variables. The binary Self variable and pseudoradBub-Reddit type were also included. These
variables are expected to produce a good clusteohdion which prioritises measures of success and
activity (aggregate and total votes). Link typedl wiso pay reference to the direction of voting
received by the link; and use the type of sub-reddvas submitted to and whether it was a Selt pos
to provide some context to what the links mightrespnt. The optimal number of clusters for these
variables (by average silhouette width) was 47, Hral back-transformed medoids for these are
included inTable 4.4-2below.

The cluster medoid DW have been ord@ , WIGRGElink types receiving t
QESECCHEVCIEIRUER G JRIllc. The Total Votes, Aggregate, and Cluster size nusdbave
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been coloured according to size, v-aller gtiaatin light .colours an(Elfe[SI@e[SEIIIIE in
ink

. This pattern of colouring is similar to that usext tJser types; except that for Lin

represents

ate while grey repieekeks with an aggregate of 1.

Cluster

Aggregate | Total Votes

Cluster N

% Negative | % Controversy Self SR type
0.1578 0.1888 0 3
0.1534 0.1820
0.2472 0.3333
0.2468 0.3305

0.2020

0.2563

0 1

0 3

0 3

0 3

0 3
18 29 49 0.2041 0.2564 0 3
45 26 27 0.0000 0.0000 0 2
20 21 58 0.3103 0 3 1701
15 21 37 0.2162 0.2759 0 2 2333
47 18 22 0.0909 0.1000 0 1
21 13 17 0.1176 0.1333 0 5 7194
10 9 15 0.2000 0.2500 0 1 3836
7 7 7 0.0000 0.0000 0 5 4823
6 5 25 0 3 5870
9 4 0 5 2519
13 4 0 2 5876
12 4 0.1667 0.2000 0 2 2763
26 3 0.0000 0.0000 0 6
22 2 0.2857 0 5 4398
30 2 0.3333 0 3 7111
11 2 0.2500 0.3333 0 3 7627
25 2 0.0000 0.0000 1 2 1810
2 1 0 2 2600
36 1 1 2 2333
4 1 0 1 7217
16 1 0.3333 8
1 1 0.0000 1 110840
3 1 0.0000 3 32801
5 1 0.0000 2 17718
17 1 0.0000 0.0000 11 15255

17493

10513

OO0 O(0O|FrO|0|0O|0|0O|0O
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0.2500

o

w

4100

Table 4.4-2. showing back-transformed cluster medds for the optimal Links solution with 47

clusters.
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Sub-Reddit type has been coloured to replicatectih@ur scheme of the Sub-Reddits ta Red has
been used to indicate link types whi h
_. For most clusters, there is a positive correlabetween negative

votes and proportional controversy (with more negatotes equating to more controversy); there is
however an interesting group of links at the botiinthe table which received many more negative
than positive votes and therefore are unpopulanbuvery controversial.

The most interesting link types are those at tipedbthe table; the top six link types by aggregate
score will all have stood a good chance of makingto the Reddit front page. Taking cluster 43 for
example; these links receiv votes but a lot of these were negative, resulimg final
aggregate score that was quite low. It is posdilolever that these links received a lot of positive
votes in quick succession from readers of the SeddR it was submitted to; propelling the link unto
the front page, where it proceeded to attract afategative voting from the wider Reddit user-base
Clustering cannot reveal the presence of pattakes this directly; latent trajectory analysis will
therefore be used to look for patterns such aslétés in the researchThe WLk above
cluster 43 all had an excellent chance of beirtgdi®n the site’s front page or the front page lafrge
Sub-Reddit; and therefore can be considered telbéwely successful links

There is an interesting group of three link typeamthe bottom ofable 4.4-2 _41
have a total votes medoid of 1 but_. This pattern can only come about when a

link submitting user changes the positive vote mnatiically generated for their link to a negativeepn
presumably these users changed their mind abodinthéhey had submitted. There are some other
slight inconsistencies in the medoids of link typesr example, link type 45 has medoid total vaties
27, proportion negative votes of 0, but an aggesgabre of 26; this is due to one of the votersham
link changing their mind about their vote and riyifig it. The other inconsistencies in medoids are
also due to null votes. As noted previously thigetpf vote is very rare so it has not been dedh wi
directly in clustering (it is considered indirectty the combination of total votes, negative vaiad
aggregate score).

Five of the top six link-types (including ti[as7JsRV QRN RtecRYell) had medoids suggesting

they came from Sub-Reddit type three; these weleR&ddits which received quite a few links and
where on average the links did relatively well itracting votes. The links with t
tended to come from this type of Sub-Reddit, beyttended to receive a much lower
proportion of negative votes than the averageifdeslin this type of Sub-Reddit. At the other erid o
the table there are a lot of link types associatét this type of Sub-Reddit that didn’t do so well
there are seven clusters representing links typgsmedoid SR type 3 and a medoid aggregate score
of 1 or.s. These clusters have about 48,000 mexnbuggesting that even links submitted to Sub-
Reddits that tend to produce popular links havery Yow chance of becoming one of these popular
links. It would seem that there are no areas afdRevhere one can guarantee increased success of
one’s submissions; there may be Sub-Reddits whiené& & more likely to be reviewed by other users
(e.g. SR type 3) but voting activity seems largidyermined by the qualities of the link.

31



If SR type 3 represents a type of Sub-Reddit wiaeliak is relatively likely to receive at least sem
voting activity; then the general Sub-Reddit carthmight of as a place where a link is very uniikel
to be seen or voted on by other users. Link typepresents links submitted to the general Sub-Redd
which received no votes aside from that which wateraatically generated; this cluster Ha€,840
members. There is also a type of link which isliike come from the general Sub-Reddit and do well
enough to potentially make the front pa); but this cluster has just 322 members. There
are also a considerable number of links (aboutf),@ubmitted t which only
attract one or two votes.

Sub-Reddit types and5 are both associated with a few link types whicltenesd a moderate amount
of voting activity. represents sub-reddits which saw quite a few $imkmissions but had
relatively few votes; some of the link types rethte this cluster have moderate aggregate scames, a
it is likely that some links which performed weklroe from this type of Sub-Reddit, but have been
placed instead in a link cluster with SR type 3.

SR type Srepresents 191 smaller Sub-Reddits which are yighlikely to be on the default Sub-
Reddits list. This SR type is related to a few matidy active link types, but there are reasons to
believe that this should be interpreted differemtiythe moderately active links from SR typesr 3.
Smaller Sub-Reddits often cater to niche or spiseidltopics; for example the Maths sub-reddit has
about 12,000 subscribers and it is not uncommorafbnk with an aggregate of 5 or even less to
appear on the front page for this Sub-Reddit. Tihegea link submitted to this type of sub-reddit
which received an aggregate of +13 (liek type 21) is likely to have reached its target audience
(indeed likely to have been quite popular among ginoup). On the other hand, links submitted to one
of the default Sub-Reddits with this kind of aggtg(e.glink types 6 and 20 have likely only been

seen _ed) by a handful of usdws devote a lot of time to reviewing links from
that particular Sub-Reddit.

Analysis of the proportion of Negative votes andn€oversy medoids for links submitted to the
general or default sub-reddits reveals an intergstrend. There are five large clusters of links
representing links submitted to these Sub-Reddiigs only have one vote (i.e. the automatically
generated vote from their submitter.) There ardiriKltypes from the largest SR types (1, 2 & 3)hwit
a medoid total votes of between 2 and 25; of thdéehave r
_.In contrast, of the 10 link clusters representingd with a medoid

of more than 25 total votes (all associated witht@hes 1-3), only two have_

4

This is suggestive of three stages to the votifegitne of a link; the first barrier to link succeiss

attracting a second vote from another user (mamksldon’t manage this). At this stage the direction
of the next 2-25 votes seems to be critical; ifsthare largely negative or mixed the link will have
little success and is unlikely to receive many maotes. Presumably the links which receive mostly
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positive votes in this initial period go on to reeea lot more voting activity and some of theseogo

to becomem links. Clustering cannot tell us whether this hypmsis about

stages in link voting is correct but it certaindyses the possibility.

In order to get a rough idea of whether this relathip existed and how strong it might be; a data-s
containing links with at least two votes was crdaad the proportion of negative votes in the frst

25 (votes with order 1 were excluded because thesalways positive) was calculated for each link.
A generalised linear model of the poisson familytifwog link) was fitted to see whether total votes
could be predicted by the proportion of negativéesan the first 2-25. This model suggests a highly
significant effect of proportion negative in vo@£5 - the main effect of proportion negative siggge
that links receiving a lot of negative votes attsliage receive on average only 20% of the totalsva
Link receiving mostly positive votes at this stage expect to receive.

The Self link variable seems to have been the leseful in determining clusters; only three cluster
have a medoid of 1 on this binary varialilgés 25, 36 & 37, highlighted in yelloyand these are all
quite small clusters representing low activity Bnkrhe three link types with a Self medoid of 1
actually represent groups of links which are 10@¥; svhile most of the other clusters contain aiske

a small proportion of self links (proportion Sedirfclusters with a medoid of more than 10% are
highlighted in grey). For example, the cluster esenting the most active and popular Ii)
contains 11.7% Self links. When we consider thas fian 4% of all links submitted in March were
Self, these links seem to do relatively well (then@st popular/active link types all contain morarth
4% Self submissions). That popular Self links do mave their own clusters in the above solution
suggests that there is not enough of a differermterden them and non-Self links on the five other
measures given priority in forming clusters.

We now move to consider whether there are temmpaidrns to the voting on links which might help
to distinguish between different types.

4.5 Temporal patterns to voting on links

Exploratory analyses were conducted on both alesalot relative temporal aspects of voting. First,
plots were produced showing a breakdown of votictyyiy at different times of dayHigure 4.5-1A
below) and on different days. These exploratory analgsegested that Reddit received quite a lot of
voting activity throughout the day, with the lowdsvels of activity seen between 1 and 5 am (co-
ordinated Universal Time (UTC)).The site is alsatgactive throughout the month, but more so on
week-days than at weekends.
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Timing of votes (24hr) Minutes since link submission for Votes
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Figures 4.5-1: showing (A) Frequency of voting bydur of day, (B) Frequency of voting by

minutes since link submission (first 12 hours), andC&D) showing positive/negative votes by
minutes since link submission (first hour).

Looking at the timing of votes relative to the linkhey were cast orFigures 4.5-1B-D reveals a
strong tendency for votes to be cast on links safter they have been submittdeéigure 4.5-1 B
suggests that many votes are cast within 15-30 tesnof link submission, with voting activity tendin
to slowly tail off after that for the next 12 housmad beyondFigures 4.5-1 C and Dabove show a
more detailed breakdown of positiv€)(and negativel) votes cast within the first hour of a link’s
submission. There seems to be a peak of activithdth positive and negative voting at around 8-10
minutes after link submission. It is interestingitmte however that patterns of positive/negativiengo
are quite different before and after this peak.of df negative votes are cast within the first five
minutes after link submission, but the number ojatee votes tails off dramatically after the 8-10
minute peak. For positive votes there is a lubativity for the first five minutes before buildirig the
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8-10 minute peak period; after this peak, positigtes do tail off but they seem to stabilise ata of
about 3500 per minute for the rest of the first@mnd beyond).

This fits with the idea that the first 2-25 votes aritical to a links’ success; it would seem timathe
first 10 minutes following a link’s submission & slightly more likely to attract negative than itige
votes. For links which are still receiving votegeafthis period their chances of each vote being
positive seem to improve with time. This likely legfts the workings of the site’s democratic system;
if the link receives mostly negative votes at ttatof its life it probably won't be receiving anptes
after an hour. It seems that this first hour (eslgcthe first 10 minutes) of voting is criticah i
determining which links will receive no votes, whiwill receive a negative aggregate, and which will
go on to receive many votes. This suggests thatmiost of the content submitted to the site, the
decision about whether it will be popular or notilcbbe made within its first 10 minutes to an hour.

We will now consider the sub-set of Links which raakthrough this initial reception phase with a
strong aggregate; and which can therefore go wadeive a lot of voting activity. Links belonging t
types, , , @ and 43 (i.e. types with a medoid total votes efager than 200) were extracted
from the Links database and placed in a new dala-t&kive new variables were added to this data-
table @enerate_5 per_negs_for_links.pyb); these represented the proportion of negativesvot
received by the link in 20% increments of the voteder variable. These link types were chosen
because they have enough votes that even whenaresglit into 20% bins each bin will still bedar
enough to generate a reliable proportion negatige40+ cases). A Latent Trajectory model was the
fitted to this data to determine whether there amg patterns to the proportion of negative votes
received by successful links over their votingtiifee. Clustering suggests that even the most popula
link types will receive between 15-25% negativeegptlatent trajectory analysis should determine
whether links tend to attract a steady rate of tiegavotes over their lifetime or whether this rate
fluctuates.

Latent Trajectory models were fitted (similar tmslke employed by Nagin, 1999) with the software
package Latent Gold 4.5. Solutions with betweennd 30 latent classes were fitted on the five
(proportion negative) indicator variables; withKitype included as a co-variate. The fit of these
solutions was measured with BIC (Bayes Informatienterion), which is based on log-likelihood

penalised for reduced degrees of freedom. The isoluvith the lowest BIC was chosen for

interpretation.

This solution involved fitting 12 latent classedhe data, and produced a BIC of -465Figure 4.5-2
below shows latent trajectory class means for edidhese. The largest 10 of the 12 latent classes
fitted to this data represent quite a steady ptapoof negative votes throughout the lifetime iokk
assigned to them. This steady proportion of negatotes ranges from 5% to over 30% between these
ten classes. There are two latent classes repmggentsteep increase in the proportion of negative
votes during the lifetime of the link; but these &oth quite small with case memberships of jusiean
1% of the total.
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o, Proportion Negative votes per 20% increments of Vote order
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Figure 4.5-2. showing cluster means for latent tragctory analysis of proportion negative votes.

0.0

Link type 43, representing controversial links waghite a few votes (medoid total 203), has beeg ver
well accounted for by these latent classes, 93%saihembers belong (most probably) to the latent
class with the largest consistent % negative votetst the other 7% belonging to the class with the
high and steadily increasing % negative votes. [atent classes with the highest proportion negative
votes have, unsurprisingly, an extremely low praltsibof representin, the link type
with the highest total votes medoid. The chance tdtent class being associated
does not however increase consistently as we mowa the range of steady negative proportions. For
example; 22% o links are represented by latent class 4 with adstenegative proportion of
about 20%. On the other hand less than 1{jcR:¥ links are associated with latent class 8, having a
steady negative proportion of about 5%. It woulensehat attracting overwhelmingly positive votes is
not always enough to propel a link to a very lasiggregate score. While some links see a rise in the
proportion of negative votes over time it would reethat others see a simple cessation of voting
activity (either way, the link’s aggregate stopsre@asing and it will slip down the rankings).

There is one other small trend in these trajectonibich may be noteworthy; most of the types have a
proportion negative for the first 20% of votes whis slightly lower than at later stages. This Witigh

the idea that the first 25 or so votes are veryartgnt in establishing a link’s presence; a batto

of positive votes at this stage than they woul@irexlater in the process might have helped thaeke |
through the initial phase. The latent classes witiigher chance of represent links actually
had a small trend in the opposite direction; thag klightly more negative votes in the first 20%rth

at later stages. This small trend suggests thiabwdh the initial phase is important in establighan
link, the link’s ultimate success will be deterndnigy the nature of voting activity in the longemte

In terms of how the site actually works; links wétsmaller proportion negative votes in the fiG¥a2

are probably those which did slightly better onub-Reddit, than once they reached the front page.
The links which are the most active and populas. ) would therefore seem to do slightly
better than they did in the Sub-Reddit once theghé¢he main page.
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A second latent trajectory model was fitted to lanttata; this time looking at the level of voting
activity on popular links (i.e. the same Link typsmsidered above). 24 variables were created; each
representing the proportion of a link's votes whislere cast in a given hour after submission
(generate_24 hour_votes_for_links[pg6). Latent trajectory classes were fitted to thedehdur
variables; the BIC criterion suggested the optimainber of classes was 25 (BIC = -477316). A
profile plot for these classes is includedAppendix C-2. As suggested by the large number of latent
classes - there is considerable variation in thtepes of activity seen between different links. $¢lof

the latent classes show a peak period of votingigctasting between 2 and 5 hours; but there lista

of variation in where this peak occurs within tivstf24 hours and how pronounced it is. The classes
which are more likely to have very popular linksnasmbers have quite a small peak and instead their
voting activity is sustained at a higher level thgbout the 24 hour period. There are some classes
representing links that get off to a slow start atah’'t peak until 12-16 hours after they were
submitted; and there are others which receive mb#teir voting activity in the first 5 hours ang b
the 12" hour have a very low level of activity or nonealit(more likely to be smaller link types).

5 Relationships between User types and Link types

Row-column association models (Goodman, 1979) Wl used to investigate the relationships
between User types and Link types. Cross-tabulst@nlink submissions will be created such that
each cell represents the number of times usersgdfem type submitted each type of link (a cross-
table of votes will be created separately). An petedence model will then be fitted to the datehia t
table to first get an idea of whether there islati@nship between these factors. RC models wdhth
be fitted to determine which cells have a highelowrer frequency count than would be expected if
independence were true. The simplest form of RCah@@C1 model) contains one multiplicative
factor which can be used to assess the relatioftipeen user types and link types on one dimension

5.1 Which users submit which links?

At this stage a potential problem with using thekesters with link types was noticed; most of the
clusters with a proportional link submission medofd actually had some members who did submit
links. This means that if we simply ignore usgrey with a link submission percentage of zero when
considering link types; we will not be able to mdé the links they submitted in the analyses. If we
were to include all User types in the following Bsas, the user types with a link submission medoid
of zero would have their relationship with diffetdimk types assessed on a very small number of
cases; this is likely to reduce the reliabilityre$ults generated by these analyses.

5.2 Clustering Users who submit links

For this reason; it was decided to cluster thestlef users who submitted at least one link séglgtra

to users with no link submissions. The same catased to cluster all Users were applied to just th
sub-set of users who made at least one link submisaverage silhouette width suggested that the
optimal number of clusters for this data-set was Gluster medoids for these 60 user types who
submitted at least one link can be found @&ble 5.2-1below.
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Cluster Total Votes ID age
25 1 vote 5
27 1 vote 4
14 1 vote 3

9 1 vote 2
13 1 vote 1
55 1 vote 5
20 1 vote 4

Voting Order

=
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NN

(2Rl

% Negative

o

OO0 OO0 o0ooooo

% link sub

% self votes

Cluster N

26 - 50 votes
26 - 50 votes
26 - 50 votes
26 - 50 votes
51 - 100 votes
51 - 100 votes
51 - 100 votes
51 - 100 votes
101 - 200 votes
101 - 200 votes
101 - 200 votes
101 - 200 votes
201 - 500 votes
201 - 500 votes

4>4>4>4>4>4>thbn—w—‘phn—\mhn—‘HprpppHmww

0.2143

0

0

0

0.25

0.0862
0.1806

0
0.1639
0.2832
0.0841
0.0141
0.1152
0.1418

0.2143

0.0192
0.0517
0.0833

0.1475
0.0173
0.0374
0.6056
0.0037
0.0073

0.1071

0

0

0
0.1538
0.0172
0.3194

0
0.1885
0.0347
0.1121
0.0423
0.0558
0.1527

6 - 10 votes 5 1

52 6 - 10 votes 4 1
34 6 - 10 votes 3 1
31 6 - 10 votes 1 4 0.3 0.2 0.1 423
42 6 - 10 votes 4 4 0 0.2857 0.2857 409
7 6 - 10 votes 2 4 0.4 0.1 0.1 353
32 6 - 10 votes 2
17 6 - 10 votes 1 0 0.5 0.3333 287
45 6 - 10 votes 2 0.4444 0.1111 0.2222 252
57 6 - 10 votes 5
59 6 - 10 votes 5
1 11 - 25 votes 3
29 11 - 25 votes 1 0.3043 0.087 0.087 1034
2 11 - 25 votes 3 0.0556 0.1111 0.2222 1011
18 11 - 25 votes 2 0.1429 0.2143 0.1429 797
4 11 - 25 votes 2 0.1667 0.25 0 621
26 11 - 25 votes 2 444
35 11 - 25 votes 3 392
58 11 - 25 votes 4 364
51 11 - 25 votes 5 0 0.5385 0 357
30 11 - 25 votes 2 0 0.4545 0.3636 342
54 11 - 25 votes 3 0 0.1818 0 40

3

4

2

3

1

2

4

4

3

2

1

4

1

2

1227
397
305
288

1358
913
574
402
847
688
670
230
763
681
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- 500 votes 0.0393 0.0319 0.059
- 500 votes 0.018 0.006 0.0631

- 500 votes 0.2189 0.2747 0.0773
- 500 votes 0.2747 0.0129 0.0815

Table 5.2-1. showing 60 cluster medoids for Userdw submitted at least one link — ordered by
level of activity then cluster size. The same cologscheme used with the previous clustering
solution has been applied to this data.

Many of the user types itable 5.2-1 above are recognisable from the previous Usersteating
solution. There are still a lot of User cluster$h_ and again

the proportion of users belonging to these clusderseases as we move down the table into clusters
representin . There are now two small clusters (types 55 and@fresenting users
with 1 link submission which was a Self post; theage account age medoids of 4 and 5 suggesting
that people with this pattern of activity are mbkely to have registered their account recentlyeie

is also now a type of user (type 13) with the did&zount age ar_but this
group is quite small. Looking at the performanceimdés submitted by these three user types relative
to the other user types with just one vote coulg ke identify an effect of “community involvement”
previously hypothesised. There are obviously nagéonany user types with a proportion of link
submissions equalling zero; there are however quitav clusters with a very low proportion of link
submissions. Presumably many of the users in toksters with a very low proportion of link
submissions had previously been incorrectly assigoelusters with link submission medoids of zero.
There is no longer

User type with medoid total votes of SRt R=1{= no which
have been placed in clusters witydSRERsISIORte YRV el (Y gg[=Tef. Of the larger clusters have

older account age medoids and a very low link sgbion proportion.

5.3 Link submitting Users — which users submit while links?

A cross-tabulation of User and Link types was @éatuch that each cell represented the number of
links of a given type which were submitted by aegivype of user. An independence model was fitted
to this table; if the deviance for this model isvld suggests no relationship between user typés an
link types. Deviance for this model was howeveryveigh (152,000 on 2,714 degrees of freedom);
providing strong evidence against an independeslationship between user and link types.

A Row-Column (RC) model with 1 multiplicative factavas then fitted to this data table using the
GNM package in R. Deviance for this model was 28,d2 2,610 degrees of freedom, suggesting that
it does not offer a significantly good fit with tltata. This model does however reduce the deviance
by 125,571 with a loss of just 104 degrees of fopeda dramatic improvement over the independence
model. Theoretically, the number of multiplicatifeectors could be increased to improve this fit; but
with a data-set this large an alternative hardvear@/or software platform would be required to fit
these models. More multiplicative factors wouldoafsake interpretation of relationships a lot more
difficult.
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RC model coefficients for 47 Link Types RC model coefficients for 60 User Types
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Figure 5.3-1. showing RC coefficients for Links andubmitting User types.



With just one multiplicative factor the coefficisnproduced by our RC model are quite easy to
interpret. The key to this interpretation is whethelink or user type’s multiplicative coefficierd
positive or negative. If a User type’s coefficienpositive: it is associated with a greater thepeeted
number of submissions of Link types with positiveefficients; and with a lower than expected
number of submissions of Link types with negatieeflicients. The converse is true for User types
with a negative multiplicative coefficient. Theredothe strongest relationships in this data will be
between the User and Link types with the largesitpe coefficients; or between the User and Link
types with the largest negative coefficients.

Figure 5.3-1 above shows the multiplicative coefficients fockeaf the 47 link types and 60 user
types considered in the RC 1 model. Link and Ugees have been coloured in accordance with their
level of activity in the tables of medoids abovi@iangles have been used to repre-

Let us first consider link type coefficients. Thiakl types with positive coefficients all have an
aggregate of 1 o- 1. The link type wihbk targest positive coefficient is link type 1
(coefficient +1.13); this is the largest link typepresenting 110,840 submissions to the genebal su
reddit which only received one vote. This indicates the positive end of the dimension fittedii |
types by the RC model represents unsucce-. links

At the other end of this dimension; the link typeish the largest negative coefficients all représen
links with a relativelyElfs[: Ele[e[(:Ief: . Nine link types have a negative coefficient sger than
-2, these include thil¥z [lIglY §Y%eek with an aggregate sco . The link type with the
largest negative coefficient ([[iL@Eyjo=I% with a coefficient of-2.14. The relationship between
negative coefficients and link aggregates is howeng as straightforward abat between positive
coefficients and low-scoring links. The link typathvthe second largest negative coefficient is link
type 45; representing links with @ medoid aggregajast 18. Indeed, links with /a moderate aggregat
of between 10 and 100 are quite common at thisoérnide scale. The positioning on
this dimension is also quite interesting; it isgeld towards the “popular” (i.e. negative) end & th

scale but the model makes stronger predictions tadmeen other link types with a Io

Selelg. This suggests that there is more unexplainecatrani in the types of user which subniglk
e elele IV |ETeI MIlgl@AYel. This could be due to increased importance of tjoklities (which aren’t
considered here) in determining whether a link ol UEIIENASBIE” relative to links which are

For the initial interpretation of User type coeifiats we can consider positive coefficients to be
related to links with one vote or pgWe can also consider negative coefficients
broadly related to popular links wig Iargtl ELl]IE. It is clear from first glance that the user types
with positive coefficients are those w . There are twenty of the

_With positive coefficients; when links were submittby users from these types
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they were much more likely to receive no votes_te than to receive a good

aggregate score. At the other end of the User tglpaesnsion, there are very f_. Of
the 20 user types with a negative coefficient gjesrthan -0.5; not one represents users who only

submit links.

The two user types with the largest negative coefiits (i.e. the two user types who were mostyikel

to ) oJollaEEle]eIevery active users with more than

eight user types with the strongest negative ocdefiis all have medoid total vote

Level of activity certainly seems to be importantdetermining which users are the most likely to
submit the more popular links; but there are obsipwther factors effecting this relationship. Ndit
of the have strong coefficients (although they are allatieg).

Also, when we look at more moderate negative coefiits (i.e. -0.6 to -0.4) it is clear that somehaf
less active user types are associated with awvebathigh likelihood of submitting successful links
For example, User type 45 has a remarkably stretegionship with successful links for a group of
users with medoid 6-10 votes. Similarly, there fare user types with 11-25 medoid total votes who

have a more negative coefficient than the most thaegaoefficient forlIgs LRl AESIURY/e]

(type 19}

Level of user activity and proportion of link sulesions, two of the variables hypothesised to retate
“community involvement”, seem to be quite strongblated to the success of submitted links
(particularly at the extremes of the dimensiorefity the RC model). This supports the idea that
“community involvement” can be inferred from sontetlze variables used for clustering; in that the
links submitted by users who are more “involved'tiie community are more likely to be successful.
We will now consider whether the other two variabthought to relate to community involvement
(Account Age and Proportion of Self activity) carpkin patterns in these RC coefficients not
accounted for by level of activity and proportidniok submissions.

Let us first consider the relationship between aot@ge and RC coefficients; of the 15 user types
with the strongest negative coefficients 12 haveoant age medoids which put them in the oldest
40% of users. At the other end of this dimensioaf the 20 user types with a positive coefficieavé

an account age medoid in the oldest 40%. This sigdlat users with older accounts may generally
be more likely to submit links which are succesdiuit when these users only submit links - they are
still likely to submit unsuccessful links. This ggts the idea that account age might be related to
community involvement, but suggests that it is & leanportant component than level of activity or
proportion of link submissions.

With regards to users’ proportion of Self activitye can first examine the coefficients of the tvgemu
types noted above (types 55 and 20) with 1 linkrggbion that was a Self link. These user typeg hav
negative coefficients, which is unusual for usem)_. In fact of all the user types
Who_, these two are the most likely to submit a poputds. IAside from this, there is
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very little evidence of a Self effect in the retaiship between User types and the performanceeof th
links they submit. Proportion of Self activity wast given much weight in the clustering process for
users or links; therefore it is not surprising thateffects are hard to find in the RC coefficgeifdr

Link and User types. The relatively strong relasioip between user types 55 and 20 and successful
links hints at a relationship between Self actidtyd community involvement. However, based on RC
coefficients of the link and user clusters, we wiokidve to conclude that any effect of Self is weake
than the other three aspects of community involvente least when considering whether a User will
submit successful or unsuccessful links).

There are certainly patterns to the relationshigvben User types and the types of Link they submit
on the dimension fitted by the above RC model. fipgothesised community involvement concept
offers a way of accounting for some of these pastefhere are however some user types who have a
higher likelihood of submitting popular links thaneir “community involvement” variables would
suggest. The next step in the analysis was to desther similar patterns existed in the voting
relationships between user and link types.

5.4 Do different User types tend to vote on differg Link types?

A cross-tabulation of User and Link types was @éatuch that each cell represented the number of
users of a given type who voted on each type &f lm independence model was fitted to this table;
deviance for this model was very high (1,270,0002¢8179 degrees of freedom); providing strong
evidence against an independence relationship ketwser and link types. A Row-Column (RC)
model with 1 multiplicative factor was then fittéd this data table. Deviance for this model was
83,206 on 2,576 degrees of freedom, suggestingttdaes not offer a significantly good fit witheth
data. This model does however reduce the deviance 186,794 with a loss of just 103 degrees of
freedom; a dramatic improvement over the indeperelenodel. Coefficients for this RC1 model are
included inFigure 5.4-1above.

The dimension fitted to Link types by this RC modekms strongly influenced by aggregate score.
Positive coefficients are related to links whichvénaa high medoid aggregate score; the strongest
coefficient (+6.24) belonging , a cluster of links with medo. This link
type’s coefficient is considerably larger than tiext largest coefficient. Link typi¥ and have

coefficients of 4.5 and 4.3 respectively. On thgatize side of this dimension are link types widryw

low numbers of votes. Closer examination of theseffcients suggests that total number of votes
might have a stronger effect on this dimension tharaggregate score.

It makes sense that fitting an RC model to votiagvay will produce a Links dimension which
prioritises the level of voting activity. In the guious table dealing with link submissions, popular
links had generally low cell counts because theseware in the links data-set. For the voting dais
trend has been turned on its head; most of thegaeittivity on the site is focused on popular lirks
link types with this characteristic tend to haveywkigh cell counts and might therefore dominag th
RC dimension generated.
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RC model coefficients for 47 Link Types RC model coefficients for 58 User Types
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Given the relationship betwe_and unsuccessful links

established above in the analysis of link submissiove would expect to see a lot c.
-" having negative coefficients in the Votes RC mlodea user only submits links, and
these links tend to be unsuccessful, then whenonsider voting behaviour these users should have a
high likelihood of voting on unsuccessful links. eltportion offigure 5.4-1 showing user type
coefficients reveals exactly this kind of patteéFhere are a group of 100% link submission users who
all have strong negative coefficients (all < -1.®)ser type also has a negative coefficient
approaching this magnitude; this type representssusith betwee, just over half of
these being link submissions.

There is then a considerable gap to the coefficdétihe user type with the next strongest tendeacy
vote on ultimately unsuccessful links (user type ebkfficient -0.73). There are a group of usees/p
with similar coefficients here (4I 19, 36, 56)nsalting the User type medoids table reveals that
these are the user types with WG R lolel(e CIgeI R CIVEEIPAERE. This is the same group
which it was hypothesises might hold a dispropodie amount of influence on which links are
successful. Users of these types seem most likelyote on links which do not go on to become
popular. Where these votes were negative this doelicbnsidered a positive outcome for the user. We

will examine the interaction between voting orded @he direction of votes below to get a betternide
of how much influence the votes of these (and dtheer types have on the Link’s eventual outcome.

At the other end of the Users dimension; User tyg#&nd 4 had the strongest positive coefficients
(+0.75 and +0.64 respectively), making them thetntiksly to vote on popular links. User type 33
represents users who voted once positively onraady established link; while user type 4 represent
users who voted once negatively on a link with 00-previous votes. There are eight user types with
a coefficient of around 0.55, all of these représgnusers who didn’t submit any links. There afe 3
user types in total with positive coefficients, a2@l of these have a link submission rate of 0. This
suggests that users who only vote are more likelyate on links which (ultimately) have a high
aggregate.

For many of the User types considered this relatignis quite weak. In this analysis however, the
users with no strong tendency to vote for succéssfunsuccessful links are potentially the most
interesting types. The users who are most likelwdte on links with a low aggregate are link

submitters. The users who are most likely to vatehigh aggregate links, judging by average vote
order medoids, seem to confine their voting attito the front page and other areas where prorniinen
content is located (e.g. Sub-Reddit front pages).

This leaves a group of user types in the middlengdowith no strong tendency to vote on a particular
kind of link. This group includes the fi user types, who have small coefficients ranging
from -0.1 to +0.2. This indicates that users okthgpes probably tend to vote on a variety oedéht
link types. Three of these types have a link subimisrate of less than 1%, so automatic votes ein th
own submissions cannot account for the lack of@ngtpositive coefficient. The most plausible way
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to account for these User types having such a welakionship to the links dimension is that these
Users cast votes both on established links andoaidresh links submitted by other users.

This suggests that it could be the most active ugpes who have a disproportionate say in
determining which links make it through the seeryingitical 2 — 25 votes period, rather than the
as previously hypothesised. TheE
BE{:l¢ tend to be involved in all aspects of the demacragstem on the site to at least some degree.
Furthermore, when these active user types subniks Ilthese are the most likely links to become
successful.

5.4.1 Effects of vote direction by User type

A linear model was fitted at this stage to checlethibr a linear relationship could be found which
roughly quantified the relative influence of voteast by different user types. This model took
proportional vote order as its dependant variabi#h user type, vote direction, and the interaction
between these as independent variables. Propdrtioteaorder was used because it reflects the order
of a user’s vote relative to all the other votestloat link. The main effect of proportional order f
each user type will therefore reflect whether tieryded to vote earlier or later on average in the
voting lifespan of a link. The main effect of vat&ection reflects whether this order increases or
decreases as a function of vote direction (negatotes decrease aggregate so should therefore be
associated with a reduction in the number of suliseigvotes). The interaction between vote direction
and user type is the most interesting parameter il give a measure of how much the user type’s
proportional vote order changes with the directmintheir votes (i.e. a crude measure of vote
influence).

This model was fitted on a random sample of 500)@fi@s. In order to avoid peculiar cases skewing
the results only votes cast by a sub-set of ugmstyithose with a link submission rate of less than
100% and medoid total votes of greater than fiveasub-set of link types (those with medoid total
votes greater than 1) were considered. This matkiaed deviance by 869 on 55 degrees of freedom,
a significant improvement on the null model (p O0L). The intercept for the model is 0.56,
suggesting that the average vote order for thesvoéeng considered was roughly in the middle of the
voting lifespan. The main effect of vote directien-0.01, suggesting that a positive vote tendseto
related to a smaller proportional order while aaisg vote is related to a larger proportional orde
This makes sense because we would expect a negativdo decrease the probability of subsequent
votes slightly (by lowering the link's aggregated, when a negative vote is registered its propuatio
order is likely to be larger.

Of the 27 user types being considered here, 22 kate direction interaction terms which are
significantly different to zero; and these are mdigative. The two user types with the strongest

interaction terms are types 36 &l and these are the same two user types with amge/oting
order medoid osEIVEERPAERI. This suggests that the direction of these usertasvaffects their
proportional order by an average of 20%; 10% emitian average for positive votes and 10% later for
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negative votes; quite a strong effect.. The user types all have significant interaction
terms of between -0.03 and -0.04, so these usets5\seem to have slightly more influence on the
link’s total than the average user. As these usave a lot of votes; it seems likely that they cashe
votes on relatively fresh links but their mean mgtiorder has been increased by votes cast on
established links.

The results of this linear model are somewhat &ditout give a rough indication that the effects of
votes cast by different users are not necessagiple The five user types who do not have significa
interaction terms all have total votes medoidsaifMeen 6 and 50; it would appear that the votes cas
by these users have relatively little influence rothee subsequent voting behaviour of other usérs. |
we also considered the user types with less thaoiés it is likely that many of these would also be
found to have a low “voting influence”; these usgpnes were not considered because they mostly
represent users who cast votes in only one dinmectio

5.5 Influential Users

All of this points to a group of between 5000 — @Q@sers who have quite a lot of influence in
determining what the “hot” links on Reddit will lm& any given day of the month. These user types
tend to have variable medoids which indicate a Heyrel of what has been termed “community
involvement”. The results of clustering and RC msdm® far suggest four reasons why this group of
active users might hold a lot of influence on Rédti They use their accounts a I@t; They use all
the voting/submission features of their accountattieast some degre®; They use their accounts in
an influential way (e.g. sometimes voting early ather users’ links)4: They tend to have older
accounts, so are presumably familiar with the Reclitin community (i.e. they know the types of link
content which other users like and which are gdlygrapular).

6 Discussion and Conclusions

Much of the activity on Reddit is characterisedthg exponential distribution and conforms to the
Power-law frequently associated with online commation. Reddit had 5,664,590 unique Visitors in
March but only 102,232 active Users (as noted gimesasures rely on IP addresses and User accounts
respectively, so do not equate directly to indi@aldpeople). If we take these figures literally this
means that only about 2% of visitors to the sitderch had any involvement in determining which
content was displayed there. The activity levelUskers who were active in March certainly follows
the power-law (13.7% of Users cast 80% of votes)daes the level of Link submissions per User.
The activity levels for Links also follow the sarkied of exponential distribution.

These distributions suggest that for the milliohpeople who used Reddit in March, only a very $mal
proportion of these were actively involved in detering what the site was displaying. Of the people
who have accounts, their primary defining charastieris how much they use their account (ranging
from 1 vote to 23,776 votes in March). Another impat characteristic of Users with accounts is
which account features they choose to use; moss$ ypsmritise either Voting or Link submitting to a

a7



large degree; often a User account will be usedusiely for voting (37% of Users) or submitting
(42% of Users).

Users were clustered along a variety of criteraresenting their level of activity, what this adtyv
consisted of, and other available variables like dlye of their account. These clusters revealead som
interesting User types; and their medoids suggestethtionship between level of activity, propomti

of link submissions, proportion of activity on Sétiks and account age. This relationship has been
termed “community involvement”. A group of user égowith high levels of activity, a low proportion

of link submissions, some Self activity, and oldecounts, would seem to be those with the highest
levels of community involvement. Users with the é&stvlevels of community involvement tend to
only submit links (and none of these are Self ljnled have a newer account age. These results
answer the question of whether Users can be diedsifto different types based on how they use thei
accounts with a firm yes.

Sub-Reddits were clustered to see if they too cbeldlassed as belonging to different types; and so
that these types could be used to bolster the ablailexplanatory variables for Links. Sub-Reddit
clustering suggests that the Sub-Reddits (preswynatdluded on the default list can be divided into
two types; those with more link submissions ands¢hwith a lower number of link submissions but
more votes per link. There is no clear differeneéween the subjects of Sub-Reddits belonging to
these types; both types contain Sub-Reddits coyexinliverse range of topics. Clustering of Sub-
Reddits did however bring to our attention the éangmber of Sub-Reddits representing niche areas of
interest with a moderate level of activity; andsebinspection revealed that these operate ontly vas
different scale to the default Sub-Reddits (i.e.aggregate of 5 could be enough to see a link on a
moderately sized Sub-Reddit’s front page, but wusild be much too low to approach the front page
on a “default” Sub-Reddit). It is not uncommon #iSub-Reddit of this moderate size to have more
than 10,000 subscribers; suggesting that quite aflthe Users spend at least some time browsing
content on some of these smaller Sub-Reddits; noiat a first-time visitor to the site would be
highly unlikely to see.

It is interesting that although all of the contentReddit is essentially public; there are stiltkets of
content (i.e. small Sub-Reddits) which are esskintiedden to those who haven’t searched them out
and/or subscribed to that source. This could pintoffer another indicator of community
involvement. As these Sub-Reddits are not on tli@udtdist the links submitted here have virtuaily
chance of being seen by Visitors to the site, nttan&aow many positive votes they get. A user who
votes a lot in these Sub-Reddits is thereforeyikelhave used the site for long enough that treeh
their own specific preferences about the type oteat they want to be presented with. Furthermibre,
they are actually voting in these more niche atleas they consider it worth their while to rate ot
even when its maximum potential audience is quiteals this would suggest a high level of
community involvement.
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An RC model was fitted ad hoc to see if a relatmmdike this between User types and Sub-Reddit
types might exist in the data (graphical outputtfos model is included iAppendix B). This model
placed Sub-Reddit types 1 and 2 on the positiveemé of the scale, with Sub-Reddit 3 and a lot of
smaller Sub-Reddits at the negative extreme. Cueffis for User types suggest that the 14 usesstype
who only submitted links were the most likely tygeshave voted on the biggest Sub-Reddits. At the
other end of the scale for User types, the fivetraosve user types all had negative coefficietitese
coefficients are not very strong, so they implytttiee votes of the most active users are distribute
across both large and small Sub-Reddits. Thesdtsestovide further support for the utility of a
community involvement concept in accounting for bedaviour of Reddit users. This RC model also
suggests that links from Sub-Reddits of type 3nameh more likely to be voted on by Users with high
community involvement relative to those with loveemmunity involvement.

Links were clustered to determine if they too cokdclassified as belonging to different types. The
defining characteristics of Link types seem to ggragate score and level of activity. Most of the
Link types which received a lot of votes have qlowe levels of negative voting and controversy and
come from the main Reddit or one of the default-Beldits. Looking at the pattern of Link type
medoids suggested several stages to the life-dpatink submitted to the main Reddit or a largd-Su
Reddit. The first obstacle which a link must oveneois getting a second vote from another User. If a
Link receives this second vote then its directiod the direction of the subsequent 20 or so voilts w
be critical in determining the Link’s ultimate sess. If the link receives a lot of positive votéshis
stage its aggregate will rise enough that it cotoethe attention of more Users and therefore has a
good chance of receiving a lot more votes. If ihk& feceives a lot of negative votes at this stige
aggregate will not increase much (or may fall belm&o) and this is likely to be the end of its agti
lifespan.

Latent trajectories suggest that there may be sules¢ stages to voting activity on Links. One of
these stages begins at the point when a Link reazlhégh enough aggregate to be displayed on one of
the main pages; this seems to bring about a largease in voting activity. The direction of these
votes can either see the link quickly removed fithis prominent position, or propelled upwards to
much larger aggregate scores. The other stageleevisaonly experienced by a small sub-set of Links
- and is characterised by a steep increase in itilésLproportion of negative votes with time. There
are a number of reasons why this might happenLliokawhich is initially successful: The content of
the Link may have been exposed as fraudulent acurate by other Users; or the Link might have
received a large enough aggregate to appear ioaéida where the majority of users found it to be
inappropriate. What is clear is that although thegiple of up/down voting is simple - when useday
whole community it results in a plethora of diffetevays in which a Link can be “received”. In other
words, this simple tool is quite powerful and addnb in the hands of Reddit Users; when there are
enough people voting on an item of content therddsbutcome of the majority is likely what will
come to pass.
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The relationship between User types and Link typas assessed with separate RC models of Link
submissions and Link voting. The RC model of limkmnissions suggests quite a strong trend whereby
the links submitted by active user types (partidulthose with high “community involvement”) are
much more likely to belong to one of the more papulink types (i.e. they are well received). Users
with low community involvement (in particular thoséno only submit Links to external sites) are
more likely to submit a link which doesn’t receigesecond vote or which ends up with a negative
aggregate score. This finding provides strong stpfoo the existence of a factor which we have
termed community involvement; the users who aretrmlved seem to have an advantage when
they submit links. It is possible that these uséashiliarity with the nuances of the Reddit.com
community helps them to decide which content istivgaubmitting to the site and how this should be
presented (i.e. title and Sub-Reddit).

The RC models of votes (and Sub-Reddits) suggastlibse more involved users are also more likely
to distribute their activity across different typafscontent (e.g. fresh and established links igdaand
moderate Sub-Reddits). Users with low communityoimement are much more likely to be active
largely in prominent areas of the site (i.e. tlmnfrpages of the main Reddit and default Sub-Rgddit

These trends in relation to community involvemeaiggest that there are a group of between 5000-
7000 users who are highly involved in the commuaitg who hold a disproportionate influence over
which content will be displayed prominently on a&egi day. This suggests that one of the strategres f
dealing with Information Overload and establishamgself in the community which previous research
has suggested (Himmelboim, 2008; responding priynericontent submitted by popular or prominent
Users) is being employed to some degree on Reduit.dhese trends are however quite mild in
relation to those found on older communication eyst like Usenet or Bulletin Boards. There is no
single type of extremely active/popular user withiaastly disproportionate level of influence; rather
there seems to be a gentle almost linear relatipnsbtween Users’ involvement and level of
influence. Therefore this group of users couldb®said to dominate the decision-making proceds, bu
it could be said that they hold more sway with eaction than a user who isn’t so involved in voting
on the site.

All of these community involvement trends seem uggest that casual users of the site don't really
contribute much to the site’s working; they dondte much and their links don’t tend to do
particularly well. There are however plenty of epitens to these rules of thumb about community
involvement. For example; there were 29 UsersenMiarch data who registered less than 10 votes but
who submitted a Link which received more than 100€s. It has also been noted in the results
section that th link types aren’t accounted for as well as sonfeiopopular link types in

the RC model. This suggests a greater random etetme¢hne origins of extremely popular content. It
also suggests that casual users are of some bn#i# more active community members; every time
these users submit a Link there is a small chametethis Link will be very well received by the wid
community. Because there are so many of these Icaseaes, there are actually quite a few popular
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links attributable to this group; and presumably $iite is better and more appealing for the presenc
of these Links.

With regard to the problems of Information Overlodiould seem that Reddit's democratic interface
does quite well. The evidence for this comes rmnfany particular facet of how the site operatess; i
based on the large number of people contributingiéaneously to the resource, and the even larger
(and growing quickly) number of people to use tbsource daily. 102,232 Users have, as a group,
determined which of 352,902 Links should be dispthgn the site’s main page and every Sub-Reddit
page for the month of March — and over 5 millionque Visitors (by IP address) have used this
resource during this time. The remarkable thingualtims is that a lot of the activity has occuried
single Sub-Reddit. The main sub-Reddit received@BDLinks in March; these drew 516,775 votes
from 68,504 different Users — this is a greaterelesf activity than seen in the entire data-set
considered by Himelboim (2008) comprising of 3(fatént Usenet discussion groups. This system is
not perfect; many of the submissions to this SutleiRenever receive a second vote (therefore may
never have been seen by another user). Theresar@aiterns in this data whereby more active Users
are more likely to be seen and heard, but thigdtremot nearly as strong as that seen in oldeleul
board systems (Himelboim, 2008) — there is a lafge@ndom” element to determination of which
content will be viewed and voted on.

Of course, the determinants of which Links will m®@st popular are likely not random but due to
individual qualities of the Links themselves (important, interesting, funny, etc.). One of thgdast
weaknesses of the present research is that thetiegialf content could not be assessed. This kind o
analysis could not be undertaken for two reasomrstdR did not want us to be able to identify any
Users or Links from the data provided, so it waspussible to check the qualities of individual ksn
which had particularly interesting patterns of wgti Secondly, because there are so many links
submitted to Reddit and their content is so variesjould be very difficult and time-consuming to
conduct a detailed qualitative analysis of evemalksub-set of these.

Nevertheless, combining qualitative with quantiatanalyses is the most promising avenue down
which this research could proceed. This combinatibgquantitative and qualitative data on Reddit's
servers represents a record of everything whichdeasrred in the Reddit.com community thus far
(qualitative). Furthermore, every action and intécan (from the most unremarkable to the most
important) which has occurred in Reddit’s histapydate has already been ranked by the site’s users
(quantitative) to reflect its relative importancenese rankings provide a shortcut to understanding
what the Reddit community is about; what it repnes@nd how it works.

Voting behaviour would also seem to be very higleoalogical validity; positive/negative votes have
not been cast as part of some experiment or teesg@n opinion. The people who cast these votes did
so to affect the outcome for the particular linkeyt were voting on. The combination of these 3.5
million voting behaviours is not just a data-seb®analysed by social scientists; they also reptes
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community-level decisions about what content shdaddprominent on the site at every minute of
every day in March.

The importance which “community” seems to have eddit highlights the second major drawback of
the present research; the absence of commentiag @ammenting and comment-voting actions were
originally requested from Reddit but were not pdad. Given the problems encountered with the size
of the link votes data-set; it seems that analysimgonth’s worth of comment votes would not have
been feasible in any case. Every relatively poplidron Reddit can have hundreds of comments, and
each of these can have hundreds of votes. The gtaleh a data-set would require drastic sampling
(problematic because so much of the content beang selationship to content elsewhere on the site)
or a specialist hardware/software solution.

The quantitative democratic system used by Redldiva thousands of individuals to communicate in
shared spaces — and their interaction producesaunee which is utilised by potentially millions of
people. Much more research is required to determimether and how these systems can be used to
deal with the problems of Information Overload iamg-to-many communication. The initial findings
from this research on voting data suggest thatetipesblems are being dealt with at least in part by
sharing the task of finding the best content oubrgnthe group members. There is evidence in the
voting data of some strategies associated witretmlboard systems being employed whereby more
active and involved Users have a higher likelihaddsubmitting popular content, This trend is
however much weaker than that seen in bulletin dggstems; these very active Users could not be
said to dominate any aspect of proceedings onitihie s

To really address the question of how well systékesthese can facilitate mass communication, it
will be necessary to expand the scope of resedifod.most promising approach to developing our
understanding of these systems is to integrate aitgiive analysis of the content with an
understanding of all the quantitative mechanismshefsystem. It will also likely prove fruitful to
experiment with the uses these interfaces are qquarnd specifics of how they work in different
contexts. To compliment these studies it would aksdeneficial to survey samples of people who use
these resources with regard to their feelings gridi@ns about them.

This research has merely scratched the surfaceeopmminent Social News site. In doing do we have
found some interesting dynamics to activity on gfie, and some reasons to believe that systems like
these may have the potential to facilitate cohecentputer-mediated communications between larger
groups than previously possible. It remains to éenswhether Reddit.com’s quantitative democratic
interface will continue to fulfil its purpose iféhsite’s user-base continues to expand at its roirage.

As things stand; an up/down arrow and some addsidntractions have gone a long way to allowing
one online community to sort, organise and distleay large number of contributions into lists of
those which are the “newest and most interestiag defined by the collective action of Users).
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Appendix A — Clustering Solution Medoids and Averag Silhouette width plots

Figure A-1: Average silhouette width plots for thefour data-sets which were clustered.

Clara clustering assessment for Links data  Clara clustering assessment - Sub-Reddit data

By
o

w
o

0.6
0.4

0.4

av silhouette width
av silhouette width
0.3
|

0.2
|

0.2
|

0.1

I I I I I I I I I | I I I
20 30 40 50 60 0 10 20 30 40 50

k (# clusters) k (# clusters)

Clara c|u3tering assessment - all Users' data Clara clustering assessment for link submitting Users' data

B
o

0.6
|

9
=}

04 05
0.4 05
|

av silhouette width
0.3
1

0.2
|
av silhouette width

0.1
0.1

| I I I I I ] ] I I I I I ]
30 40 50 60 0 10 20 30 40 50 60

k (# clusters) k (# clusters)

Figure A-2: Back-transformed Cluster medoids for 10Sub-Reddit types
(plus descriptives of the main Reddit — included ahlo. 1)

Cluster | Total Links | Total Votes | Agg per Link | % Controversy | % Self | Cluster N
1 150042 516775 1.93 0.1763 0.02178 1
2 1969 23521 6.51 0.5313 0.0747 18
3 1729 63923 19.76 0.5622 0.0133 12
4 183 9213 35.28 0.2654 0.1967 5
5 82 968 6.93 0.3926 0.0000 191




Figure A-3: Back-transformed Cluster medoids for 47Link types

Cluster | Aggregate | Total Votes | % Negative | % Controversy Self SR type | Cluster N
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Figure A-5:Cluster Medoids for 60 User types (Linksubmitting Users only)
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Appendix B — RC model coefficient plots

Figure B — 1. RC model coefficients for Voting actiity by User and Sub-Reddit types.
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Figure B-2: RC model coefficients for Voting activiy by User and Link types.
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Figure B-3: RC model coefficients for Link submisson frequencies by User and Link types.
User clusters formed on the sub-set of users with keast 1 link submission.
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Appendix C — Latent trajectory model plots

Figure C — 1: Class means for 12 latent classestéitl to Links’ proportion of negative votes
variable in 20% incremenets.
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Figure C — 2: Class means for 25 latent classestéitl to Links’ proportion of total votes received in
each hour following submission (for 24 hours).
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Appendix D — Python scripts

D — 1: populate_user_ids.py
#pull all user_ids
c.execute(""SELECT user_id FROM votes""")
ul =]
rows = c.fetchall()
for row in rows:
for col in row :
ul.append(int(row[col]))

#make user_ids a set (remove duplicates)
set_users = set(ul)

#put the user_ids in the users table
foriin set_users:
c.execute(""INSERT INTO users (user_id) VALUES (%s)™",

(0))

D — 2: populate_users_with_vote_nos.py
def count_votes(vl):
pos =0
neg=0
null=0
forainvi:
ifa==1:
pos =pos +1
continue
elifa==-1:
neg=neg+1
continue
elifa==0:
null = null + 1
continue
result = [pos, neg, null]
return result
#pull user_ids
c.execute(""SELECT user_id FROM users™")
ul =]
rows = c.fetchall()
for row in rows:
for col in row :
ul.append(int(row[col]))

#pull votes for user_id
foriin ul:
ticker = 1
c.execute("""SELECT vote FROM votes WHERE user_ id = %s™™,
10))
vl=[]

rows = c.fetchall()
for row in rows:
for col in row :
v1.append(int(row[col]))
num_votes = len(vl)
votes = count_votes(vl)
pos = votes[0]
neg = votes[1]
null = votes[2]

c.execute("""UPDATE users set tot_votes = %s, p 0s_votes = %s, neg_votes = %s,
null_votes = %s WHERE user_id = %s"",
[(num_votes), (pos), (neg), (null), ( D)}
ticker = ticker + 1
print ticker



D — 3: populate_users_with_sub_nos.py

#pull user_ids
c.execute(""SELECT user_id FROM users™")
ul =]
rows = c.fetchall()
for row in rows:
for col in row :
ul.append(int(row[col]))

#pull votes for user_id
ticker =1
foriin ul:
c.execute(""SELECT link_id FROM link_authors W

(0))
vi=]]

rows = c.fetchall()
for row in rows:
for col in row :
v1.append(int(row[col]))
num_subs = len(v1)
c.execute("""UPDATE users set link_subs = %s WH
[(num_subs), ()])
ticker = ticker + 1
print ticker

HERE author_id = %s™",

ERE user_id = %s™",

D — 4: add_percentages_to_user_votes.py

#pull user_ids
c.execute(""SELECT user_id FROM users™")
users =[]
rows = c.fetchall()
for row in rows:
for col in row :
users.append(int(row[col]))

#pull details for user_id
ticker=1
for i in users:

#pull tot_votes
c.execute("""SELECT tot_votes FROM users WHERE
10))

rows = c.fetchall()
for row in rows:

for col in row :

tot_votes = (int(row[col]))

#pull pos_votes

c.execute("""SELECT pos_votes FROM users WHERE

(0))
rows = c.fetchall()
for row in rows:
for col in row :
pos_votes = (int(row[col]))

#pull neg_votes

c.execute("""SELECT neg_votes FROM users WHERE

10))
rows = c.fetchall()
for row in rows:
for col in row :
neg_votes = (int(row[col]))

#pull null_votes

c.execute(""SELECT null_votes FROM users WHERE

(0))
rows = c.fetchall()
for row in rows:

for col in row :

user_id = %s"",

user_id = %s"",

user_id = %s"",

user_id = %s™",

10



null_votes = (int(row[col]))

#pull link_subs

c.execute(""SELECT link_subs FROM users WHERE user_id = %s"",
10))
rows = c.fetchall()
for row in rows:
for col in row :
link_subs = (int(row[col]))

#calculate percentages and aggregate

agg_votes = pos_votes - neg_votes
tot = float(tot_votes)

pos = float(pos_votes)

neg = float(neg_votes)

null = float(null_votes)

linksub = float(link_subs)

per_pos = pos/tot

per_neg = neg/tot

per_null = null/tot

per_link_sub = linksub/tot

#populate the links table

c.execute("""UPDATE users set per_pos = %s, per _neg = %s, per_null = %s,

per_link_sub = %s, agg_votes = %s WHERE user_id = % s"™,
[(per_pos), (per_neq), (per_null) , (per_link_sub), (agg_votes),

)

ticker = ticker + 1

print ticker

print i

D — 5: populate_link_ids.py

#pull link_ids
c.execute(""SELECT link_id FROM link_authors™")
links =]

rows = c.fetchall()
for row in rows:
for col in row :
links.append(int(row[col]))

ticker =1
foriin links:
c.execute(""'INSERT INTO links (link_id) VALUES (%s)"™",
10))
ticker = ticker + 1
print ticker

#pull link_ids
c.execute(""SELECT link_id FROM link_authors™™)
links =]
rows = c.fetchall()
for row in rows:
for col in row :
links.append(int(row[col]))

#pull details for link_id
ticker =1
foriin links:

#pull sr_ids
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c.execute("""SELECT sr_id FROM link_srs WHERE | ink_id = %s""",
10))
rows = c.fetchall()
for row in rows:
for col in row :
sr_id =(int(row[col]))

#pull is_self and set 0 or 1

c.execute(""SELECT is_self FROM link_is_self W HERE link_id = %s""",
10))

is_seli=1]

is_self =]

rows = c.fetchall()
for row in rows:
for col in row :
is_seli.append(str(row[col]))
ifis_seli==[t]:is_self=1
else:is_self=0

#pull votes
c.execute("""SELECT vote FROM votes WHERE link_ id = %s™",

10));
vi=1]]

rows = c.fetchall()
for row in rows:
for col in row :
vi.append(int(row[col]))
tot_votes = len(vi)
#has the link been classed as spam and nullifie d?
if tot_votes == 0:
#populate null_links table
c.execute("INSERT INTO null_links (link_i d, sr_id, is_self) VALUES (%s, %s,
%s)"™",
[i, sr_id, is_self])
ticker = ticker + 1
print ticker
print "NULL!!"
print i
continue
elif tot_votes > 0:
votes = count_votes(vi)
pos_votes = votes[0]
neg_votes = votes[1]
null_votes = votes[2]
agg_votes = pos_votes - neg_votes
tot = float(tot_votes)
pos = float(pos_votes)
neg = float(neg_votes)
null = float(null_votes)
per_pos = pos/tot
per_neg = neg/tot
per_null = null/tot

#populate the links table

c.execute("INSERT INTO links (link_id, to t_votes, sr_id, pos_votes,
neg_votes, null_votes, agg_votes, per_pos, per_neg, per_null, is_self) VALUES (%s,
%s, %s, %s, %S, %s, %s, %s, %S, %s, %s)"",
[i, tot_votes, sr_id, pos_vot es, neg_votes, null_votes,

agg_votes, per_pos, per_neg, per_null, is_self])
ticker = ticker + 1
print ticker
print i

D — 7:populate_SR_ids.py

#pull link_ids
c.execute(""SELECT sr_id FROM links™")



sr_ids =]
rows = c.fetchall()
for row in rows:
for col in row :
sr_ids.append(int(row[col]))

sr_set = set(sr_ids)

foriin sr_set:
c.execute("INSERT INTO sub_reddits (sr_id) VALUE

S (%s)™™,[()])

D — 8: populate_sub_reddits.py

#pull sr_ids
c.execute(""SELECT sr_id FROM sub_reddits™")
sub_reds =[]
rows = c.fetchall()
for row in rows:
for col in row :
sub_reds.append(int(row[col]))

#pull details for sr_id
ticker =1
foriin sub_reds:
#pull tot_votes and make tot_links and votes_pe
c.executemany("""SELECT tot_votes FROM links WH
10));
sr_votes =[]
rows = c.fetchall()
for row in rows:
for col in row :
sr_votes.append(int(row[col]))
tot_links = len(sr_votes)
tot_votes = sum(sr_votes)
fl_links = float(tot_links)
fl_votes = float(tot_votes)
votes_per_link = fl_votes/fl_links

#pull pos_votes and sum for subreddit
c.executemany("""SELECT pos_votes FROM links WH
10))
sr_pos_votes =[]
rows = c.fetchall()
for row in rows:
for col in row :
sr_pos_votes.append(int(row[col]))
pos_votes = sum(sr_pos_votes)

#pull neg_votes and sum
c.executemany("""SELECT neg_votes FROM links WH
10))
sr_neg_votes =]
rows = c.fetchall()
for row in rows:
for col in row :
sr_neg_votes.append(int(row[col]))
neg_votes = sum(sr_neg_votes)

#pull null_votes and sum

c.executemany("""SELECT null_votes FROM links W
10))

sr_null_votes =[]

rows = c.fetchall()

for row in rows:

r_link
ERE sr_id = %s"™",

ERE sr_id = %s™",

ERE sr_id = %s™",

HERE sr_id = %s"",
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for col in row :
sr_null_votes.append(int(row[col]))
null_votes = sum(sr_null_votes)

#work out remaining variables (agg_per_link, %p 0s, %neg, %null)
agg_per_link = (pos_votes - neg_votes)/fl_links

per_pos = pos_votes/fl_votes

per_neg = neg_votes/fl_votes

per_null = null_votes/fl_votes

#upate the sub_reddits table

c.execute("""UPDATE sub_reddits SET tot_links = %s, tot_votes = %s,
votes_per_link = %s, agg_per_link = %s, pos_votes = %s, neg_votes = %s, null_votes =
%s, per_pos = %s, per_neg = %s, per_null = %s WHERE sr_id = %s"",

[(tot_links), (tot_votes), (votes _per_link), (agg_per_link),
(pos_votes), (neg_votes), (null_votes), (per_pos), (per_neq), (per_null), ()]

ticker = ticker + 1

print ticker

print i

D — 9: calc_and_store_secs_since_link_sub.py
ticker=1
#pull vote_ids
c.execute(""SELECT vote_id FROM votes™")
vote_ids =]
rows = c.fetchall()
for row in rows:
for col in row :
vote_ids.append(int(row[col]))

#pull secs for votes, lookup link and pull secs
foriin vote_ids:
c.execute(""SELECT unix_epoch_secs FROM votes WHERE vote_id = %s™""™, [(I)])
vote =[]
rows = c.fetchall()
for row in rows:
for col in row :
vote.append(int(row[col]))

c.execute(""SELECT link_id FROM votes WHERE vo te_id = %s™", [()])
link_id =]
rows = c.fetchall()
for row in rows:
for col in row :
link_id.append(int(row[col]))

c.execute(""SELECT unix_epoch_secs FROM links WHERE link_id = %s™",
[(link_id[O])])
linkt =[]
rows = c.fetchall()
for row in rows:
for col in row :
linkt.append(int(row[col]))

#check if the vote's link_id was found in links tab le and take appropriate actions
if linkt == []:
f.execute("""UPDATE votes SET old_link =1 WHERE vote_id = %s™"™, [(I)])
print "old link"
ticker = ticker + 1
print ticker
print i
continue
elif linkt[0] > 1:
td = vote[0] - linkt[0]
tdmins = td/60.0
f.execute("""UPDATE votes SET secs_since_li nk_post = %s,
mins_since_link_post = %s, old_link = 0 WHERE vote__ id = %s"", [(td), (tdmins), (i)])
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ticker = ticker + 1

print ticker

print i

print "Secs since link post calculated and submitted!HHHHHHLH®

continue

D — 10:generate_vote_orders.py

#pull link_ids for votes which were made on links s ubbed in march
c.execute("SELECT link_id FROM links™")
link_ids =[]

rows = c.fetchall()
for row in rows:
for col in row :
link_ids.append(int(row[col]))

#pull vote_ids ordered by secs_since_link_post
foriin link_ids:

c.execute(""SELECT vote_id FROM votes WHERE li nk_id = %s ORDER BY
secs_since_link_post™", [()])

order =]

votes = ]

k=0

#create lists or vote_ids and orders
rows = c.fetchall()
for row in rows:

for col in row :

k=k+1
votes.append(int(row[col]))
order.append(k)
m=20
#loop through lists of votes and orders generat ing proportional orders and

submitting the whole lot to database
for j in votes:
upd_order = order[m]
upd_vote_id = votes[m]
upd_prop_order = float(order[m])/len(order)

c.execute("""UPDATE votes SET vote_order = %s, vote_order_proportion = %s
WHERE vote_id = %s™", [(upd_order), (upd_prop_orde r), (upd_vote_id)])

m=m+1

print 'Done a vote-loop'

print j

print upd_vote_id

print i

D — 11:populate_users_with_avg_vote_orders.py
#pull user_ids
c.execute("""SELECT user_id FROM users™")
ul=q]
rows = c.fetchall()
for row in rows:
for col in row :
ul.append(int(row[col]))

ticker=1
#pull vote order proportions for user_id and find t he average
foriin ul:
c.execute("""SELECT vote_order_proportion FROM votes WHERE user_id = %s AND
old_link = 0™,
10))
vop =]

rows = c.fetchall()
for row in rows:
for col in row :
vop.append(float(row[col]))
c.execute("""SELECT vote_order FROM votes WHERE user_id = %s AND old_link = 0",
10));
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vo =]
rows = c.fetchall()
for row in rows:
for col in row :
vo.append(int(row[col]))

num_votes = len(vop)
proportion = sum(vop)

#fix for the problem of a user with a summed order of zero (happens when a user only
voted for "old" links)
if proportion == 0:
print ‘old link voter'
continue
elif proportion > 0:
avg_proportion = proportion/num_votes
tot_order = float(sum(vo))
avg_order = tot_order/num_votes

c.execute("""UPDATE users SET avg_vote_orde r_prop = %s,
avg_absolute_vote_order = %s WHERE user_id = %s™",
[(avg_proportion), (avg_order), ( D)
ticker = ticker + 1
print ticker
print i

D — 12: add_extra_vars_to_users.py
#pull all user_ids
c.execute(""SELECT user_id FROM users™")
users =[]
rows = c.fetchall()
for row in rows:
for col in row :
users.append(int(row[col]))

ticker =0
foriin users:
#pull mins since link for votes which were not cast on old links or with link
submissions (these have mins since link values of 0 )
c.execute(""SELECT mins_since_link_post FROM v otes WHERE user_id = %s AND

old_link =0 AND link_sub_vote = 0",
10))
mins =[]
rows = c.fetchall()
for row in rows:
for col in row :
mins.append(float(row[col]))
tot_votes_a = len(mins)
#check if the user has any votes matching the d escription, if they do then
calculate the average
if tot_votes_a==0:
avg_mins_since_link_post =0

elif tot_votes > 0:
all_mins = sum(mins)
avg_mins_since_link_post = all_mins/tot_vot es_a

#pull sr_ids and Is_selfs
c.execute("""SELECT sr_id FROM votes WHERE user _id = %s™",

(0))
srids =]
rows = c.fetchall()
for row in rows:
for col in row :
srids.append(int(row[col]))
tot_votes_b = len(srids)
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tot_SRs = set(srids)
sub_reddits_voted_in = len(tot_SRs)
setsr = float(sub_reddits_voted_in)
votes_per_ SR =tot_votes_b/setsr

c.execute("""SELECT is_self FROM votes WHERE us er_id = %s"™,

[
isself =]
rows = c.fetchall()
for row in rows:
for col in row :
isself.append(float(row[col]))
sum_is_self = sum(isself)
if sum_is_self == 0:
proportion_self votes =0
elif sum_is_self > 0:
proportion_self votes = sum_is_self/tot_vot es b

#submit values

c.execute("""UPDATE users SET avg_mins_since_li nk_post = %s,
sub_reddits_voted_in = %s, votes_per_ SR = %s, propo rtion_self votes = %s WHERE
user_id = %s"",

[(avg_mins_since_link_post), (sub _reddits_voted_in),

(votes_per_SR), (proportion_self_votes), (i)])
ticker = ticker + 1

print ticker
print i
D — 13: add_controversy_to_links.py
#pull link_ids
c.execute(""SELECT link_id FROM links™"")
links =]

rows = c.fetchall()
for row in rows:
for col in row :
links.append(int(row[col]))

#pull details for link_id
ticker = 1
foriin links:

#pull tot_votes
c.execute("""SELECT tot_votes FROM links WHERE link_id = %s™",
10))
rows = c.fetchall()
for row in rows:
for col in row :
tot_votes = (int(row[col]))
#pull pos_votes
c.execute(""SELECT pos_votes FROM links WHERE link_id = %s™",
10))
rows = c.fetchall()
for row in rows:
for col in row :
pos_votes = (int(row[col]))

#pull neg_votes
c.execute(""SELECT neg_votes FROM links WHERE link_id = %s"",
10))
rows = c.fetchall()
for row in rows:
for col in row :
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neg_votes = (int(row[col]))

#calculate controversy and proportion

if pos_votes < neg_votes:
contrv = pos_votes
if contrv == 0:
prop_contrv = 0.0
elif contrv I=0:
con = float(contrv)
prop_contrv = con/neg_votes
elif neg_votes < pos_votes:
contrv = neg_votes
if contrv == 0:
prop_contrv = 0.0
elif contrv = 0:
con = float(contrv)
prop_contrv = con/pos_votes
elif neg_votes == pos_votes:
contrv = pos_votes
prop_contrv = 1.0

#populate the links table
c.execute("""UPDATE links SET controversy = %s, proportional_controversy = %s
WHERE link_id = %s™",
[(contrv), (prop_contrv), (i)])
ticker = ticker + 1
print ticker
print i

D — 14:generate_user_reg_order.py
c.execute(""SELECT user_id FROM users ORDER BY use r_id™)
user_order =]
k=0
user_ids =]
rows = c.fetchall()
for row in rows:

for col in row :
k=k+1
user_ids.append(int(row[col]))
user_order.append(k)

m=0
foriin user_ids:
id_age = user_order[m]
c.execute("""UPDATE users SET id_age = %s WHERE user_id = %s™", [(id_age), ()])
print m
print i
m=m+1

D — 15: generate_5 _per_negs_for_links.py
import MySQLdb

def count_votes(vl):
pos =0
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neg=0
null=0
for ain vi:
ifa==1:
pos = pos + 1
continue
elifa==-1;
neg=neg+1
continue
elifa ==0:
null = null + 1
continue
result = [pos, neg, null]
return result

#pull link_ids
c.execute(""SELECT link_id FROM links_plustypes™"
link_ids =[]
rows = c.fetchall()
for row in rows:
for col in row :
link_ids.append(int(row[col]))

ticker=1
foriin link_ids:
#select votes within the required range of prop
c.execute(""SELECT vote FROM votes_plustypes W
vote_order_proportion <= 0.20"", [()])
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
#find the proportion of positive votes and subt
non-positive votes
vl = count_votes(votesl)
pos1 = float(v1]0])
if posl ==0:
per_negl=1
if posl > 0:
per_posl = posl/len(votesl)
per_negl =1 - per_posl

c.execute(""SELECT vote FROM votes_plustypes W
vote_order_proportion <= 0.40 AND vote_order_propor

votesl = ]
rows = c.fetchall()
for row in rows:

for col in row :

votesl.append(int(row[col]))

vl = count_votes(votesl)
pos1 = float(v1]0])
if posl ==0:

per_neg2 =1
if posl > 0:

per_posl = posl/len(votesl)

per_neg2 =1 - per_posl

c.execute(""SELECT vote FROM votes_plustypes W
vote_order_proportion <= 0.60 AND vote_order_propor

votesl = ]

rows = c.fetchall()

for row in rows:

for col in row :
votesl.append(int(row[col]))
vl = count_votes(votesl)

ortions.... do 10 times
HERE link_id = %s AND

ract from 1 to give proportion of

HERE link_id = %s AND
tion > 0.20™", [()])

HERE link_id = %s AND
tion > 0.40™", [(i)])
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pos1 = float(v1]0])

if posl == 0:
per_neg3 =1

if posl > 0:
per_posl = posl/len(votesl)
per_neg3 =1 - per_posl

c.execute("""SELECT vote FROM votes_plustypes W

vote_order_proportion <= 0.80 AND vote_order_propor
votesl =]

rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
v1 = count_votes(votesl)
pos1 = float(v1]0])
if posl == 0:
per_negd =1
if posl > 0:
per_posl = posl/len(votesl)
per_neg4 =1 - per_posl

c.execute(""SELECT vote FROM votes_plustypes W
vote_order_proportion > 0.80", [(i)])
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
v1 = count_votes(votesl)
pos1 = float(v1]0])
if posl == 0:
per_neg5=1
if posl > 0:
per_posl = posl/len(votesl)
per_neg5 =1 - per_posl

#store results

c.execute("""UPDATE links_plustypes SET per_neg
%s, per_negD = %s, per_negE = %s WHERE link_id = %s
[(per_negl), (per_neg?2), (per_neg3
ticker = ticker + 1
print i
print ticker

D — 16:generate_24 _hour_votes_for_links.py

import MySQLdb

def count_votes(vl):
pos =0
neg=0
null=0
forain vi:
ifa==1:
pos =pos + 1
continue
elif a == -1:
neg=neg+1
continue
elifa ==0:
null = null + 1
continue
result = [pos, neg, null]
return result

#pull link_ids

HERE link_id = %s AND
tion > 0.60™", [()])

HERE link_id = %s AND

A = %s, per_negB = %s, per_negC =

), (per_negd), (per_neg5), (i))
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c.execute("SELECT link_id FROM links_plustypes™"
link_ids =[]
rows = c.fetchall()
for row in rows:
for col in row :
link_ids.append(int(row[col]))

ticker=1
foriin link_ids:
#get total votes
c.execute(""SELECT tot_votes FROM links_plusty
votesl = ]
rows = c.fetchall()
for row in rows:
for col in row :
votes = (float(row[col]))

#select votes within the required range of minu
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=60"", [(i)])
votesl = ]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == O:
vl =0.00
elif votes1 > O:
v1 = len(votesl)/votes

c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=120 AND mins_since_link_post

votesl = ]
rows = c.fetchall()
for row in rows:

for col in row :

votesl.append(int(row[col]))

if votesl == 0:

v2 =0.00
elif votes1 > O:

v2 = len(votesl)/votes

c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=180 AND mins_since_link_post

votesl =]
rows = c.fetchall()
for row in rows:

for col in row :

votesl.append(int(row[col]))

if votesl == 0:

v3 =0.00
elif votesl > 0:

v3 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W

mins_since_link_post <=240 AND mins_since_link_post

votesl =]
rows = c.fetchall()
for row in rows:

for col in row :

votesl.append(int(row[col]))

if votesl == 0:

v4 =0.00
elif votesl > 0:

pes WHERE link_id = %s™", [()])

tes.... do 24 times

HERE link_id = %s AND

HERE link_id = %s AND
>60"", [(1)])

HERE link_id = %s AND
>120"", [(D])

HERE link_id = %s AND
>180"", [(D])
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v4 = len(votesl)/votes

c.execute("""SELECT vote FROM votes_plustypes W
mins_since_link_post <=300 AND mins_since_link_post

votesl =]
rows = c.fetchall()
for row in rows:

for col in row :

votesl.append(int(row[col]))

if votesl == 0:

v5 =0.00
elif votes1 > O:

v5 = len(votesl)/votes

c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=360 AND mins_since_link_post

votesl =]
rows = c.fetchall()
for row in rows:

for col in row :

votesl.append(int(row[col]))

if votesl == 0:

v6 = 0.00
elif votes1 > 0:

v6 = len(votesl)/votes

c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=420 AND mins_since_link_post
votesl = ]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v7 =0.00
elif votes1 > O:
v7 = len(votesl)/votes
c.execute("""SELECT vote FROM votes_plustypes W
mins_since_link_post <=480 AND mins_since_link_post
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v8 = 0.00
elif votes1 > O:
v8 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=540 AND mins_since_link_post
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v9 =0.00
elif votesl > 0:
v9 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=600 AND mins_since_link_post
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v10 = 0.00
elif votesl > 0:

HERE link_id = %s AND
>240"", [())

HERE link_id = %s AND
>300"", [(D])

HERE link_id = %s AND
>360"", [()])

HERE link_id = %s AND
>420"", (7))

HERE link_id = %s AND
>480"", [(D])

HERE link_id = %s AND
>540"", [(D])
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v10 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=660 AND mins_since_link_post
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v11l=0.00
elif votes1 > O:
v11 = len(votesl)/votes
c.execute("""SELECT vote FROM votes_plustypes W
mins_since_link_post <=720 AND mins_since_link_post
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v12 =0.00
elif votesl > 0:
v12 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=780 AND mins_since_link_post
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v13 =0.00
elif votesl > 0:
v13 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=840 AND mins_since_link_post
votesl = ]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v14 = 0.00
elif votes1 > O:
v14 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=900 AND mins_since_link_post
votesl = ]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v15=0.00
elif votes1 > O:
v15 = len(votesl)/votes
c.execute("""SELECT vote FROM votes_plustypes W
mins_since_link_post <=960 AND mins_since_link_post
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v16 =0.00
elif votes1 > O:
v16 = len(votesl)/votes

HERE link_id = %s AND
>600"", ()

HERE link_id = %s AND
>660"", [()])

HERE link_id = %s AND
>720"", [(D])

HERE link_id = %s AND
>780"", [(D])

HERE link_id = %s AND
>840"", [())

HERE link_id = %s AND
>900"", [()])
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c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=1020 AND mins_since_link_pos
votesl = ]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v17 =0.00
elif votes1 > O:
v17 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=1080 AND mins_since_link_pos
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v18 =0.00
elif votes1 > O:
v18 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=1140 AND mins_since_link_pos
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v19 =0.00
elif votesl > 0:
v19 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=1200 AND mins_since_link_pos
votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v20 = 0.00
elif votesl > 0:
v20 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=1260 AND mins_since_link_pos
votesl = ]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v21 =0.00
elif votes1 > O:
v21 = len(votesl)/votes
c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=1320 AND mins_since_link_pos
votesl = ]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v22 = 0.00
elif votes1 > O:
v22 = len(votesl)/votes
c.execute("""SELECT vote FROM votes_plustypes W
mins_since_link_post <=1380 AND mins_since_link_pos

HERE link_id = %s AND
t>960"", [())

HERE link_id = %s AND
t >1020"", [(i)])

HERE link_id = %s AND
t >1080"", [(i)])

HERE link_id = %s AND
t >1140"", [(i)])

HERE link_id = %s AND
t >1200"", [(i)])

HERE link_id = %s AND
t>1260"", [(i)])

HERE link_id = %s AND
t >1320"", [(i)])
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votesl =]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v23 =0.00
elif votesl > 0:
v23 = len(votesl)/votes

c.execute(""SELECT vote FROM votes_plustypes W
mins_since_link_post <=1440 AND mins_since_link_pos

votesl = ]
rows = c.fetchall()
for row in rows:
for col in row :
votesl.append(int(row[col]))
if votesl == 0:
v24 = 0.00
elif votes1 > O:
v24 = len(votesl)/votes

#store results

c.execute("""UPDATE links_plustypes SET v1 = %s
%s,Vv6 = %sS,v7 = %sS,v8 = %s, v9 = %s, v10 = %s, v11l
%s, v15 = %s, v16 = %s, v17 = %s, v18 = %s, v19 = %
v23 = %s, v24 = %s WHERE link_id = %s™",

[(v1), (v2), (v3), (v4), (v5), (v6

(v12), (v13), (v14), (v15), (v16), (v17), (v18), (v
(v24), ()])

ticker = ticker + 1

print i

print ticker

HERE link_id = %s AND
t >1380"", [(i)])

, V2 = %s,v3 = %s,v4 = %s,v5 =
= 0%s, v12 = %s, v13 = %s, vl4 =
s, v20 = %s, v21 = %s, v22 = %s,

), (v7), (v8), (v9), (v10), (v11),
19), (v20), (v21), (v22), (v23),
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Appendix E — R code example
E-1: Generating 58 User Clusters from categorisedada (interpreted solution); and Wk score for this
solution. Example also fits clusters on raw and stalardised variables and computes WKs (for comparisg).

library(RMySQL)
library(cluster)
users = dbGetQuery(con, 'select * from users where

tvabs = users$tot_votes

tvcats = tvabs

tvcatstvcats < 2] =1

tvcats[tvcats > 1 & tvcats < 6] = 2
tvcats[tvcats > 5 & tvcats < 11] = 3
tvcats[tvcats > 10 & tvcats < 26] = 4
tvcats[tvcats > 25 & tvcats < 51] =5
tvcats[tvcats > 50 & tvcats < 101] =6
tvcats[tvcats > 100 & tvcats < 201] =7
tvcats[tvcats > 200 & tvcats < 501] = 8
tvcats[tvcats > 501] =9

tvcatsf = factor(tvcats)

aavo = users$avg_absolute_vote_order
aavolaavo ==1]=1

aavo[aavo > 1 & aavo <=10]=2
aavo[aavo > 10 & aavo <=100]= 3
aavo[aavo > 100 & aavo <=500]= 4
aavo[aavo > 500]=5

aavof = factor(aavo)

idage = users$id_age

idage[idage <= 20000] = 1

idage[idage >20000 & idage <= 40000] = 2
idage[idage >40000 & idage <= 60000] = 3
idage[idage >60000 & idage <= 80000] = 4
idage[idage >80000] =5

idagef = factor(idage)

per_link_sub = users$per_link_sub
per_link_sub[per_link_ sub>1]=1
attach(users)

all_factors = data.frame(tvcatsf, idagef, aavof, pe
proportion_self_votes)
clara58 = clara(all_factors, 58)

cluster = clara58%clustering

#compute std vars

sd_tv = (tot_votes-mean(tot_votes))/sd(tot_votes)
sd_perneg = (per_neg - mean(per_neg))/sd(per_neg)
sd_age = (id_age - mean(id_age))/sd(id_age)

sd_aavo = (avg_absolute_vote_order -
mean(avg_absolute_vote_order))/sd(avg_absolute_vote
sd_Is = (per_link_sub - mean(per_link_sub))/sd(per_
sd_psv = (proportion_self _votes -
mean(proportion_self_votes))/sd(proportion_self _vot
std_factors = data.frame(user_id, sd_tv, sd_perneg,

#compute wk for the cluster9 solution with 58 clust
wkdata = data.frame(std_factors, cluster)
detach(users)

attach(wkdata)

wk_58clusters =0

avg_absolute_vote_order >=1")

r_neg, per_link_sub,

_order)
link_sub)

es)

sd_age, sd_aavo, sd_ls, sd_psv)

ers
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for (y in wkdata$user_id){

x = cluster[wkdata$user_id ==y]

wki = sum(((wkdata$sd_tv[wkdata$user_id ==y] - (me
== x])))"2), ((wkdata$sd_age[wkdata$user_id ==y] -
(median(wkdata$sd_age[wkdata$cluster == x])))*2), (
(median(wkdata$sd_aavo[wkdata$cluster == x])))"2),
==y] - (median(wkdata$sd_perneg[wkdata$cluster ==
((wkdata$sd_Is[wkdata$user_id == y] - (median(wkdat
XPN"2), ((wkdata$sd_psv[wkdatasuser_id ==y] -
(median(wkdata$sd_psv[wkdata$cluster == x])))"2))

wk_58clusters = wk_58clusters + wki

}

wk_58clusters
write.csv(wk_58clusters, 'wk for 58 clusters.csv')

#clustered on raw data, WK worked out from standard
detach(wkdata)

raw_data = data.frame(users$tot_votes, users$id_age
users$per_neg, users$per_link_sub, users$proportion
clara_raw58 = clara(raw_data, 58)

cluster = clara_raw58$clustering

wkdata2 = data.frame(std_factors, cluster)
attach(wkdata2)

wk_raw58clusters =0

for (y in wkdata2$user_id){

x = cluster[wkdata2$user_id ==y]

wki = sum(((wkdata2$sd_tv[wkdata2$user_id ==y] -
(median(wkdata2$sd_tv[wkdata2$cluster == x])))*2),
==vy] - (median(wkdata2$sd_age[wkdata2$cluster == x
((wkdata2$sd_aavo[user_id ==y] - (median(wkdata2$s
XPN"2), ((wkdata2$sd_perneg[wkdata2$user_id ==y]
(median(wkdata2$sd_perneg[wkdata2$cluster == x])))"
((wkdata2$sd_Is[wkdata2$user_id ==y] - (median(wkd
XPN"2), ((wkdata2$sd_psv[wkdata2$user_id ==y] -
(median(wkdata2$sd_psv[wkdata2$cluster == x])))"2))
wk_rawb58clusters = wk_raw58clusters + wki

}

wk_rawb58clusters
write.csv(wk_raw58clusters, 'wk for raw data 58 clu

#clustered on raw data, WK worked out from standard
detach(wkdata2)

std_data = data.frame(users$tot_votes, users$id_age
users$per_neg, users$per_link_sub, users$proportion
clara_std58 = clara(std_factors, 58)

cluster = clara_std58%clustering

wkdata3 = data.frame(std_factors, cluster)
attach(wkdata3)

wk_std58clusters =0
for (y in wkdata3$user_id){
x = cluster[wkdata3$user_id ==y]

dian(wkdata$sd_tv[wkdata$cluster

(wkdata$sd_aavol[user_id ==y] -
((wkdata$sd_perneg[wkdata$user_id
xXPN"2),

a$sd_lIs[wkdata$cluster ==

ised values.

, users$avg_absolute_vote_order,
_self_votes)

((wkdata2$sd_age[wkdata2$user_id
M"2),

d_aavo[wkdata2$cluster ==

2),
ata2%sd_Is[wkdata2$cluster ==

sters.csv')

ised values.

, users$avg_absolute_vote_order,
_self_votes)
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wki = sum(((wkdata3$sd_tv[wkdata3$user_id ==y] -
(median(wkdata3$sd_tv[wkdata3$cluster == x])))*2),
==y] - (median(wkdata3%sd_age[wkdata3$cluster == x
((wkdata3%$sd_aavo[user_id ==y] - (median(wkdata3$s
XPN"2), ((wkdata3$sd_perneg[wkdata3$user_id ==y]
(median(wkdata3$sd_perneg[wkdata3$cluster == x])))"
((wkdata3$sd_lIs[wkdata3$user_id ==y] - (median(wkd
X))"2), ((wkdata3$sd_psv[wkdata3$user_id ==y] -
(median(wkdata3$sd_psv[wkdata3$cluster == x])))"2))
wk_std58clusters = wk_std58clusters + wki

}

wk_std58clusters
write.csv(wk_std58clusters, 'wk for std data 58 clu

((wkdata3$sd_age[wkdata3$user_id
M"2),

d_aavo[wkdata3$cluster ==

2),
ata3%sd_Is[wkdata3$cluster ==

sters.csv')
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