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1 Introduction

The popular view of online communities is
that they transcend time and place. But as
many popular views of the internet, it is par-
tially wrong. Threads are created at a specific
point in time and (mostly) ordered in chrono-
logical order. Moreover, as replies are posted
the ensuing online-discussions unfold over
time as well. All this makes the time at which
participants arrive potentially very important.
Not only will it determine which threads peo-
ple will see first (positioning matters, at least
for Google results), but also which comments
have not already been extensively replied to.

The research reported in this essay ex-
amines this process in detail, by looking at
how time and timezones affect the commu-
nity structure of an international news-site
called Hacker News (HN).14 The main ques-
tion examined is whether time affects the so-
cial structure of the community, and if so,
in what ways. This is an important ques-
tion, because if time-effects are important —
and they were found to be to some extent
—, then purely social interpretations of re-
ply structures in on-line communities (com-
mon in Social Network Analysis) might have
to be reconsidered, as well as wider notions
of online communities, and their supposedly
global, and asynchronous natures.

The paper will begin with a discussion of
previous work, followed by an exposition of
its theoretical background, and the expec-
tations derived from these. Then the lim-
its of this study will be clarified. Next the
data-set, and some challenges in collection

and processing will be discussed, along with
some descriptive statistics. Following that,
the methods used will be introduced, among
them social network analysis, and three sta-
tistical tests: a permutation-test of posts in-
and across time-windows, a regression of
network-distances versus time-distances, and
a (provisionary) t-test for the impact of day-
light saving time on the network-distance be-
tween UK and US users. These methods will
be explained together with their results, and
the various ways in which time was found to
impact the HN-community. Things are then
wrapped up with a discussion of findings.

1.1 Previous work

There are several papers analysing social
networks in thread-based online communi-
ties, whether forums, usenet, mailing-lists,
or news-sites such as Slashdot. The surpris-
ing thing is that none of them takes time-
effects at the circadian, or 24-hour scale,
into consideration. They focus either on
users and their roles (replyer, initiater, flame
warrior), or the relationships between users,
as implied by exchanged messages (reci-
procity).53,24,20,22,54,29,5,27,25,4,44,59,3,12,9,41,55,8,51

Therefore, the net was cast wider, and sev-
eral interesting papers were found. A set
of papers by Kaltebrunner provide a detailed
timeline of how discussions unfold on Slash-
dot.21,23,43,49,43 Another work noted variations
in the number of active players in Multi User
Dungeons (MUDs) at different times of day.6

A daily cycle in usenet traffic was reported as
well, and yet another paper showed that (in
the early days) usenet threads extended over
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multiple days.39,47 Then there is a paper which
introduces a way of displaying e-mail inter-
actions over time, as occurring on concentric
circles.28. Finally, daily cycles in broadband-
and mobile traffic were observed.30,58,7,46

Though these papers sketch out the land-
scape and suggest the possibility, none are
specifically on the effects of time differences
on the social structure of thread-based com-
munities. Wider theoretical frameworks were
thus used as the main source of hypotheses,
about which more now.

1.2 Theory and expectations

The approach taken in this paper, first of all,
is that of analytical sociology, where the fo-
cus is on so called social mechanisms. So-
cial mechanisms operate on the micro-level,
impacting decisions made by individuals, and
bring about macro-level effects through emer-
gence.18,17,19. The social mechanism exam-
ined here, is determined by time. As al-
ready mentioned, people come online at cer-
tain times of day (their daily schedules or
circadian rhythms). However it is expected
that this, together with time-pressures that
operate within threads, should make near-
synchronous social interactions, more likely
than asynchronous ones.

Time-pressure effects within threads are
constituted by the fact that duplicate replies
(or replies making a very similar point) are
normally not appreciated by readers. Which
makes it hard to reply (in a socially pro-
ductive way) if a post has already received
many replies, effectively creating a situation
in which the only posts that one can reply to
are those that are relatively new. In addition,
early replies are read more (at least replied
to more), and thus provide more visibility to
their author. Whether such thread-level time-
pressure effects exist, or at least can be cor-
roborated by the data, is the first hypothesis
tested in this paper (see section 3.1).

The second hypothesis is that what appears
social (which relationships people form), and

is normally ascribed to factors such as recip-
rocation, friendships, and other directly so-
cial factors, is in fact dictated (to some extent)
by differing circadian rhytms and the thread-
time-pressure effect: this by making it much
more likely that people with overlaps in the
time they come online, reply to one another’s
posts (this is tested in sections 3.3 and 3.4).
The theory that informs this hypothesis, is
Structuration Theory (not to be confused with
structuralism), which states that besides indi-
vidual agency, societal, and other structures,
shape social behaviour.11,38

Affirmative findings for both hypotheses
could be used to place doubt on the social na-
ture of the online sphere. To the extent that
online communities might best be considered
imagined communities, in the meaning given
to this by Benedict Anderson.1 Anderson uses
the term to describe modern nations as ’com-
munities’ imagined by the people perceiving
themselves as part of them, rather than as real
ones, of people that know one-another on a
personal basis, and are interacting on a regu-
lar basis. Finally, finding that time has an in-
fluence, might indicate that the Global Village
is partitioned up by timezones.

1.3 Limits

When time is discussed in this paper, how-
ever, the absolute time at which people nor-
mally post, in GMT, will be considered, not
their timezone, or things such as whether peo-
ple are online in the morning or evening. This
because, given that timezones differ across
the globe, an English night-owl and an Indian
early bird may very well sit down on the same
discussion-tree every day, while a nocturnal
American may never reply directly to his di-
urnal flat-mate frequenting the same site.

A related limit is that, as we don’t have
complete information on the locations or
timezones of HN users, in this paper no
clear distinctions will be made between time-
differences and spatial distance. Given that
communities traditionally have been defined
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by spatial closeness, this leaves room for
sceptics to argue that any time-based findings
are solely based on differences in spatial dis-
tance. We mostly concede to this (though
in section 3.4 counter-evidence is provided).
A similar limit is that the data used here is
not tagged for topics, and thus if similar top-
ics were consistently posted at similar times,
then time-effects might be an artefact of dif-
ferences in interests.

It should also be kept in mind that to the
extent time effects are found, they do not ex-
clude social effects, but set their stage, at
most. And this is no different in the offline
realm, where, for example, it is ultimately
not possible to form a reciprocated friendship
with somebody from the 18th century. Yet on
the other hand, while living close together in
time and space may afford a community to
form, it is never sufficient cause (as the lack
of community in many suburbs makes clear).

Another caveat is that the relative impact
of structural and social factors (even if be-
yond doubt), will heavily depend on the spe-
cific online community under consideration.
Small, localized communities centred around
personal support, will, for example, be likely
to display much stronger social effects, than
large communities, focusing on technical top-
ics. Also, this paper only studies one such
community.

2 Data and descriptives

2.1 Sampling

As this is the first study on circadian time-
effects on web-forums, and it is a relatively
labour intensive process to create/pre-process
data-sets, the sampling strategy was not based
on a random selection of sites. Instead we
picked Hacker News (HN) as a case study
to explore whether time-effects play a role at
least in some communities (this one).

HN is comparable to Slashdot, in that
people can post links to news stories, and
comment on them.43,14 It has recently sur-

passed Slashdot in visitor-numbers, and is
quite large, with 100,000 unique visitors per
day, most of whom are lurkers (see fig 1).13 It
is ran by Paul Graham, an internet millionaire,
who also runs Y-Combinator, the most com-
petitive startup investment/incubator program
in the world.

What makes HN especially suitable for
finding time-effects, is that its main user-
base, the startup- & web-development-scene,
is very international. A glimpse of this can be
gotten from the following map, which shows
1500 active users that volunteered to mark
themselves out on a map (see figure 2).31. This
global nature makes it more likely for time-
effects to play out and be detected in this data-
set.

2.2 Processing

A set of Ruby scripts were written to gather
and process the data, which was done in
stages. An initial script fetched the threads
and user-pages. Another parsed them on
the local machine using the Nokogiri HTML
scraping library.35 Further scripts were cre-
ated for generating and saving networks,
checking the integrity of the data, and for
calculating statistics. Other tools were em-
ployed, such Stata, the R igraph package (for
network metrics), and NodeXL, Pajek, and
especially Gephi, for exploring and visual-
izing networks.45,48,34,40,10 The custom scripts
totalled 3,000 lines, which according to the
Ohloh code-analysis site is over 4 man-
months worth of programming.36 The code
is open sourced, and available on Github.57

Apart from enabling a thorough analysis,
some of this code was needed to overcome a
special challenge with the HN data.

The challenge was that HN does not pro-
vide time-stamps with posts and threads, but
rather phrases such as ’X minutes ago’, which
complicated getting a precise handle on the
time dimension. This is especially true for
material older than an hour, as minutes are no
longer reported after an hour (nor are hours re-
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Figure 1: HN traffic since founding (thanks to Paul Graham).
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Figure 2: Locations of HN users (thanks to John Marbach, and Charles Pick).
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ported after a day). Luckily enough, all items
(posts and threads) on the site are assigned an
unique ID, which increases predictably with
time. This allowed us to deduce the time at
which items were posted from the order of
their IDs. By knowing of two items that one
had been posted six minutes ago, while the
other was posted four minutes ago, it could
be deduced that a third item, with an ID in be-
tween these, must have been posted before the
latter, and after the former, so approximately
five minutes ago.

Having this knowledge made it possible to
reconstruct the time at which all comments
were posted, without having to sample every
thread every hour in the hope of recording the
time of any new comments. By another strike
of luck, the site has a ’comments’ page, which
listed all new comments. This page was har-
vested every 10 minutes (from 2 separate ma-
chines, in case one would go offline), produc-
ing a sample of IDs and their timing dense
enough not to leave gaps larger than two min-
utes. Threads thus had to be harvested only
once, 24 hours after they had left the front-
page. A 24-hour delay was chosen because
the site showed a ’more’ link at the bottom of
the front-page, which allowed people to read
older news. Making sure the whole thread was
captured seemed worth the effort.

An additional complexity was that before
threads reach the front-page, they are shown
on the ’new’ page, from which only the best-
rated posts move on to the front-page. So
an X amount of time also passed before they
hit the home-page. The cut-off for this de-
pends on the ratio of votes threads received,
and the time elapsed. So threads that receive
many votes in a short timespan are promoted
within a few minutes. The same system is
used for ranking threads once they reach the
front-page, and even for posts within threads.
Thus on HN, posts are not strictly ordered
chronologically, but as a function of time and
rating ((r − 1)/(t+ 2)1.8, with rating r, and t
being the time in hours).15 This separates (to

some extent) the effects of time and ordering,
creating a clearer picture of pure time-effects,
as opposed to effects depending on placement,
which coincide with timeliness on sites em-
ploying pure chronological ordering.

2.3 Descriptives

Data was gathered for the months of Febru-
ary and March 2011. However, given that on
March 13 daylight savings time went into ef-
fect in the US (and on the 27th in most Eu-
ropean countries), and shifting an hour made
a difference on the circadian scale (see sec-
tion 3.4), for most of the analysis only the
data from the 1st of February until the 12th
of March was used, leaving 40 days worth of
data. During this period 3,546 threads and
104,816 posts were created by 13,314 users
(user-IDs). Thus on average 89 threads and
2,620 posts per day.

In line with weekly cycles in the HN
visitor-statistics (figure 1), there is also quite
some variation between weekdays and the
weekend in terms of the number of posts
created (see figure 3), with most posts be-
ing made during weekdays. Though peo-
ples schedules would be expected to be more
consistent during weekdays, and time-effects
were indeed found to be slightly more pro-
nounced during them, in the analysis pre-
sented here, weekends were not removed from
the data. Because doing so would misrepre-
sent the community, and overestimate overall
time-effects.

The hourly posts are shown in the following
graph (figure 4). There is a clear peak dur-
ing US-daytime, but at any time of the day a
sizeable number of posts are made. Individ-
ual posting patterns for 10 randomly selected
users with more than 25 posts are displayed in
figure 5. As can be seen there is quite some
variation, and there does not seem to be a real
pattern for prolific users. The same is true
if they are aligned for timezones (figure 6),
though, albeit vaguely, a rough peak can be
discerned (morning into day). The hourly ag-
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Figure 3: Daily posts on HN from February 1 to March 12 (2011).
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gregate of all users for which timezone infor-
mation could be gathered, provides a clearer
pattern, as is shown in figure 7. Its shape is
similar to that of UTC-based hourly posts 4,
though more extreme, and shifted to the left
(confirming that US-timezones are dominant
on HN).

The timezone information was scraped
from a sister-site to HN, to which some users
registered voluntarily. The voluntarily nature
of this data has undoubtedly introduced biases
(their average karma is higher, and they might
be more active and willing to advertise them-
selves). They are therefore not fully repre-
sentative. However, a comparison with ran-
domly selected users posting-patterns did not
lead us to believe that their circadian rhythms
are atypical. So they still give a reasonable
impression of posting-patterns on HN.

As for threads, the graph with the number
of threads created each hour (in UTC time,
figure 8) shows a similar peak, though it is
shifted slightly left-ward compared to that for
posts. This meshes well with earlier find-
ings that people creating threads are different
from those that mostly reply.3,50 Also, as on
HN replies can receive replies in turn, threads
can have widths greater than 2. A screen-
shot of a thread is shown in figure 9, and a
schematic representation of two threads in fig-
ure 10. Finally, the number of posts per user,
the width of threads, and the number of posts
per thread, all follow power laws (no graphs
shown), which means that there are many
short and narrow threads, and progressively
fewer long and wide ones. This in line with
similar findings by Kaltebrunner (and others)
for Slashdot.21

3 Results

3.1 Time in threads

According to the first hypothesis, time-
pressure effects should be constituted at the
level of threads. This will be examined now.
In figure 11 the time between replies is shown.

As can be seen, most replies are made within
an hour or two of the post they were prompted
by, with a practical maximum of six hours
(though in very rare rare cases it takes longer,
up to 46 hours). In a second figure (fig-
ure 12), the same effect is depicted, except
that the posts are now shown on a 24-hour
clock, colour-coded for the hours in UTC at
which they were submitted. Edges between
post-hours are reply-relationships, with ar-
rows pointing from the prompt to the reply.
As can be seen, replies overwhelmingly flow
round the clock, with few more than an hour
apart.

The next figure (13) shows the progress of
time within three randomly selected threads
(with between 20 and 25 posts). Here posts
are colour-coded for the hours that passed af-
ter the thread was created (not in absolute
time). As can be seen posts are made in a
predictable succession. Though some sub-
threads appear out of order (before earlier
ones). This is because, as noted, HN raises
posts (sub-threads) based on the ratio of their
rating and passed time. But even then, time-
effects are preserved on overall, as the aggre-
gate for all threads shows (figure 14). Time
ripples through them, top to bottom, and left
to right, again suggesting a time-pressure ef-
fect.

As discussed, one of the expected causes
behind the time-pressure effect was the lesser
appreciation for later posts. Appreciation,
both in terms of perceived quality, and num-
ber of people reading the post, was opera-
tionalized as the karma rating each post re-
ceived.42 Average ratings are shown against
posting-time since thread creation in figure
15. As can be seen the karma ratings go
down for later posts. Figure 14 then shows
a heatmap of average karma ratings through-
out all threads. Colour-codings now display
the posts average rating. For this heatmap,
replies for each subthread (recursively, keep-
ing branches intact) were sorted by time, be-
fore aggregating them, to revert score-based
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Figure 4: Number of posts created at each hour of day (times in UTC).
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Figure 5: Hourly posts for 10 randomly selected prolific users (> 25 posts in data-set).
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Figure 6: Hourly posts for 10 randomly selected prolific users, aligned by their timezone.
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Figure 7: Aggregate hourly posts for all users for which timezone information was gathered.

12



The Invisible Hands of Time Wybo Wiersma

Figure 8: Number of threads created at each hour of day (times in UTC).
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Figure 9: Screenshot of (part of) a thread on HN.
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Figure 10: Schematic representation of two randomly selected small (8-12 posts) threads.
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Figure 11: Time in hours between replies and the post they were prompted by. Total numbers
shown.
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Figure 12: 24-hour posts-clock, showing the time at which posts were made, their volume (as
edge- and arrow-size), and the direction of replies (arrows from prompt to reply).
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Figure 13: Progress of time through three randomly selected threads (20-25 posts). Colouring
in hours from thread-creation.
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Figure 14: Heatmaps for the progress of time (left, coloured according to peak windows) and
the average karma of posts (right). Sub-threads are (recursively) sorted by time in the latter.
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ordering. As can be observed, earlier posts
(top and left) are rated consistently higher,
and thus appreciated more.

Though other factors (such as later posts
being worse on average) cannot be completely
excluded, both the fact that newer posts are
rated higher on average, and that posts fol-
low one another in quick succession, seems
to indicate that threads are impacted by time-
pressures. That is, users mainly reply to newer
posts, and therefore the time at which they ar-
rive on HN will determine which posts they
can (most productively) reply to. Also, given
that the time scale for this social mechanism is
measured in hours, circadian effects on social
interactions are expected.

3.2 Representing the social network

In order to test the second hypothesis, and to
analyse time-effects at the level of social re-
lationships, representations of the social net-
work were constructed. A network consists of
nodes connected by edges. The nodes repre-
sent users. Users are defined as people that
post on HN (at least once during the period of
investigation). Readers were not considered
users here, because they don’t actively form
part of the community (though they might
imagine themselves to be), and cannot form
relationships through posting on the site.

Instead of having only users as nodes, there
could have been two types of nodes, one rep-
resenting users and the other threads, resulting
in a bimodal network.33 This was not done for
three reasons. First of all, as was shown in the
previous section, time-effects operate within
threads. Secondly, and foremostly, the impact
of time on social relationships is the focus of
this study, and reply-relationships are a bet-
ter proxy for this. And thirdly, threads are
shown on the frontpage for quite long, upto
a day or more (see figure 16) so any thread-
level circadian effects (not captured by reply-
relationships between users) should be lim-
ited.

This brings us to edges, the relationships

between nodes. As just noted, edges rep-
resent reply-relationships. That is, if user
A replies to user B, they establish a unidi-
rectional reply-tie. For most of the analysis
only reciprocated ties were counted, so a re-
ply from B to A would also be required for a
bidirectional tie. This requirement was made
because social relationships normally imply
reciprocity. These bidirectional ties were then
encoded as undirected edges in the network.
However, as reply-ties also have a direction in
time, directed networks maintaining the dis-
tinction between ties in each direction were
also analysed.

In addition to being (un)directed, edges
were also weighted by the number of replies
(in each direction). Thus if user A replied to
user B four times, the edge was weighted as
4 from A to B. Weighting made it possible
to reduce the network in a meaningful way,
namely by cutting out edges that represented
less than X replies. Where it should be noted
that bidirectional relationships were defined
as X (X > 0) in each direction. The networks
will now be discussed.

3.3 Time in the network

In the first network under discussion, unidi-
rectional ties of 1 reply were enough for an
edge to form (figure 17). It represents the
whole reply-structure in our data, and is quite
large, with 13,000 nodes and 80,000 edges. It
was layed out using OpenOrd, a layout algo-
rithm tailored towards detecting clusters.32 As
can be seen, apart from the main cluster, sev-
eral smaller ones are visible at the bottom-left.
These clusters are mostly uniformly coloured,
and this colouring is not provided by the al-
gorithm. Both users and edges were coloured
based on time-windows.

Users were coloured based on in which
sliding three hour window they normally post.
That is, users who do most of their posting
between 8:00 and 11:00, are all coloured the
same, as are those for 9:00 - 12:00, and so
on. Where ’window with most posts’ was de-
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Figure 15: Average ratings for posts created each hour after thread creation.
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Figure 16: Time for which threads remain on the frontpage of HN. Total number shown per
hour.
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Figure 17: Complete HN network (for period of investigation) layed out using OpenOrd. Users
and edges coloured by window. Tiny time-based clusters can be discerned.
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fined as that with the highest number of posts,
and containing at least 1/4th of the users to-
tal posts (users without window are shown in
grey). Edges were similarly coloured, based
on the window in which most of the replies
creating that tie were made. The colour-
scheme is the same as that used for the posts-
clock (figure 12).

As can be seen, the main cluster is a mix
of all colours. Breaking it down further was
tried using several clustering algorithms, but
no large sub-clusters were found. All that
could be detected were several dozen small
hub-and-spoke ’clusters’, of the kind visible
here. In these, the spokes are formed by
replies from users with only one or a few
posts. Most of these are replying to the news-
story prompting the thread (level 0 in the
thread), rather than replying to replies (level
1 and up). The small clusters mostly disap-
pear if the network is generated with only the
latter included.

Weeding the network down by removing
all edges representing fewer than 3 replies in
each direction, leads to the undirected net-
work shown in figure 18. Rather than it con-
sisting of clusters, one can see users tied to-
gether like beads on a string, forming a circle
in the middle. Users and edges are here again
coloured in the same way. As can be seen, the
ties show recurring colour-patterns, especially
in the strings that run away from the centre.
This is indicative of time-effects, and it seems
as if users reply to those that post just before
them, receiving replies in turn of those that
come online (just) after them on the 24-hour
scale.

To get a better view of this, a directed rep-
resentation of the network was created, main-
taining the difference between replies in each
direction (figure 19). As can be seen the
legs of the bidirectional relationship are some-
times created at different times, indicating re-
curring differences in the times at these users
respond to each others posts (possibly sug-
gesting social ties). However in most cases

they are quite close, only having an hour or
so between them. Almost the same network,
now also including uni-directional links, is
shown in figure 20. It has arrows indicat-
ing the temporal direction of replies. Though
there are some short sequential paths, con-
necting two or three nodes, no long one-way-
paths are visible.

To investigate this further, an users-clock
for this network is shown in figure 21. The
node in the middle represents users with-
out window. As can be seen, most inter-
action happens on the left side, and a size-
able amount of it involves users without win-
dow. As for the arrows, much of the inter-
action goes against time. This can in part be
explained by windows giving poor coverage
of very prolific users (who post during much
of the day, and thus can appear to reply to
users that come online in the future). But it
also suggests only limited time-effects near
the centre of the network.

Another user-clock, now for users with five
or fewer posts, is shown in figure 22. Win-
dowless users are much less prominent among
these, and replies do flow in the right direc-
tion here. Figure 23 shows nodes sized by
betweenness centrality (the number of paths
between nodes going through them). It con-
firms that the most central users are indeed
those without pronounced windows. Interest-
ingly, even for them, edges between specific
pairs do display time-patterns.

Thus visual inspection of the networks does
seem to uncover some time-effects at the
micro-scale. And an even better view of these
can be gotten by looking at the video that was
made for this paper, of how the directed net-
work shown in figure 19 develops over time
(see reference).52 However, most time-effects
seem to involve users at the periphery of the
network, and quantitative methods are more
suitable for analysing these.
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Figure 18: Undirected, minimum-3-reciprocated-replies network. Users connected by strings
of edges (both window-coloured). Recurring time-patterns are visible.
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Figure 19: Directed representation of the network. Time-differences between legs of some rela-
tionships visible.
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Figure 20: Directed network with arrows (6 replies minimum, no reciprocity requirement). No
long-distance time effects.
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Figure 21: Users-clock, showing users from the 6-replies network at their peak-window, and
replies exchanged by them between peak-windows (thickness represents number of replies).
Some arrows point back in time.
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Figure 22: Users-clock for unprolific users (< 6 posts). Clearer time-effects for these peripheral
users.
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Figure 23: Users in the original 3-reciprocity network, sized by betweenness-centrality. Win-
dows of 1/3rd rather than 1/4rd of all posts to show unpronounced windows. Large nodes are
all grey (or purple/blue), meaning not confined to a window.
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3.4 Measuring time effects

The effect of time was measured in three
ways. First of all, relationships formed by
replies made within time-windows were com-
pared to those formed in random windows.
This comparison was done using reciprocity
and transitivity coefficients. Reciprocity mea-
sures the fraction of ties that are reciprocated
(in a bidirectional network). While transitiv-
ity (also known as the global clustering coeffi-
cient) is calculated by counting the fraction of
triplets (string of three edges) that form trian-
gles. High transitivity indicates triadic closure
(friends of friends becoming friends), which
is an important proxy for the presence of so-
cial relationships.

Making this comparison to random win-
dows, rather than to the values for the whole
network (which were higher), was necessary
for two reasons: Most importantly, cutting
up the network in windows severs ties which
otherwise would have contributed to the co-
efficients (mostly by raising, though possibly
lowering them). Secondly, it has been shown
that network-size impacts transitivity scores,
with smaller networks normally having higher
scores. Though this is only true if the smaller
network has natural boundaries (is cohesive),
and not a random sample drawn from a larger
one (then it is lower, because of the randomly
severed ties). To exclude all these effects, ran-
dom time-windows were sampled (rather than
the whole network, or random edges). Ran-
dom time-windows here consisted of a differ-
ent randomly selected time-window for each
of the 40 days, held constant for the sample.

A permutation-test was done using these,
creating 10,000 networks for random-window
samples, and counting the number of times ei-
ther measure for such a network was higher
than (or the same as) the original value.56

Where as the original values the lowest tran-
sitivity and reciprocity values found for any
of the circadian windows were chosen (so
very conservative, excluding any remaining

effects from size differences). Even then, for
random networks transitivity was only higher
41 times, and reciprocity never, leading to
p-values of 0.0041, and 0.0000 respectively.
From this, with a very high degree of cer-
tainty, it can be concluded that both reci-
procity and transitivity were higher within cir-
cadian time-windows (see table 1).

Table 1: Minimum & maximum reciprocity
and transitivity scores for time-windows, for
random windows, and for the whole network.
Scores for time-windows were higher than
for random windows in a permutation-test, p-
values 0.0000 and 0.0041

Network Reciprocity Transitivity

Window min. 0.113 0.016
Window max. 0.148 0.025

Random win. 0.087 0.014

Whole netw. 0.156 0.032

Secondly, a regression was ran over the re-
lationship between network-distance (number
of edges passed) and the median circadian
time-difference between users posts. The lat-
ter would be 5 hours if user A posts at 23:00,
and user B at 4:00. The results of this re-
gression were quite limited, as can be seen in
table 2. A time-difference of only ten min-
utes per hop (between 1 and 4 hops, it levels
off after that) was found for the core of the
network (users with 3 reciprocated ties min-
imum), while it was a bit over half an hour
in the periphery (users with 5 or less posts).
Especially the R-square values are quite low
(only 1 to 2% of variance explained). How-
ever, given that no clear clusters were found, a
weak relationship between time and network-
distances is not surprising.

Thirdly, and finally, the effect of the phased
introduction of daylight saving time (DST)
on the network was measured. A compari-
son was made between the two weeks before
DST (in the US and UK), and after the US
went on DST (13th of March) but the UK was
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Table 2: Regressions of network-distance to
time. Values are time in minutes per hop (over
hops 1-4). Results are highly significant, but
Rsquare values are very low (only 1-2% of
variance explained).

Network Coef. StdE. P-val. 95% CoInf. Rsq.

3-Recip. 13.66 2.23 0.000 9.29 – 18.04 0.020

Unprolf. 32.22 6.10 0.000 20.25 – 44.18 0.018

not yet (until the 27th). Networks for both
2-week periods were generated, and within
these two networks, network-distances be-
tween US-Westcoast (Los Angeles, San Fran-
cisco) and UK users were calculated. As ex-
pected, the distance was smaller after the in-
troduction of US-DST (8-hour difference tem-
porarily reduced to 7 hours) (see table 3).

Finding this reduction in distance is not
only indicative of time-effects, but it also
serves as evidence against the hypothetical
sceptic who would claim that all time-effects
are due to spatial distances: as DST is purely
a shift in time. If the pre and post-DST-
distances were to be ran through a paired t-
test, they would be found to be very signif-
icant (p < 0.0000). However, a t-test can
not be reliably applied here, as the observa-
tions (nodes) are interdependent even under
the null-hypothesis. This because in the worst
case only a few edges could have reduced the
distance between many nodes. Given the fact
that not many clusters were found, the odds
of this are small, but that does not change
the fact that more advanced statistical meth-
ods are called for here (that take this chance
into account).

Also, for all these measures (as well as for
the visualizations) it should be noted again
that no controls were added for possible con-
founding factors, such as geographical dis-
tance, or users age and lifestyle. This was not
deemed a priority for a first study into time-
effects in forums, especially as this informa-
tion was not readily available for all/sufficient

Table 3: Average distance between UK and
US communities before and after US DST. P-
value for t-test would be 0.0000

DST Mean Dist. StdE. 95% CoInf.

Before 3.65 0.017 3.62 – 3.69
After 3.53 0.015 3.50 – 3.56

Diff. -0.12 0.019 -0.08 – -0.16

data-points. But on to the discussion now.

4 Discussion

Coming back to the two hypotheses, the
first one, concerning the existence of time-
pressure effects in threads, can be tentatively
confirmed. That is, most replies are prompted
by messages less than two hours of age, lead-
ing to a daily reply-circle, as represented in
the 24-hour posts clock. Time also plays an
important role in the overall structure of the
thread, as visualized in the heatmaps. Timeli-
ness is thus indeed important within threads,
and at the level of individual posts.

The second hypothesis, that the time-
pressure effect would shape the social struc-
ture of the community, was not fully substan-
tiated, though some evidence was found.

In the core, time-effects were small. Micro-
level effects were visualized, such as the
string-like chains of users from successive
time-windows, and different legs of the re-
lationships being created at different times.
But though real (especially for edges), these
did not translate into much quantitatively, as
in the core at best every hop across the net-
work accounted for a circadian difference of
10 minutes.

As for why time-effects were not found
to be strong in the core, two main explana-
tions can be brought forward: It might be true
that most of the socializing happens between
active users at the core, where they get to
know one another, and actively reply to their
’friends’, even if they posted hours ago. An
alternative explanation could be that as active
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users, they visit the site more often, and write
more posts (they have wider peaks, if at all).
Which then makes them more likely to form
reciprocated ties with other (especially active)
users, and moves them to the core of the net-
work. Which of these explanations is closer
to the truth, is hard to say at this stage.

In the periphery, however, time-effects
were slightly more pronounced. The time per
hop was 30 minutes there (though with much
variance unaccounted for), and the small
time-based clusters that could be found, all
involved peripheral users. Also, on a macro-
level, reciprocity and transitivity were proven
to be higher within time-windows than in the
rest of the network. Finally, the phased intro-
duction of DST did have a significant effect,
but it was quite small again. Thus to the ex-
tent that time-pressure effects shape the social
community, they do so very gently, and at the
edges.

Linking it all back to the theory, the social
mechanism of replying under time-pressure
was found to be at work in threads, and even
quite strongly so. However this did not trans-
late into very large effects at the aggregate,
emergent level. These findings do not provide
(strong) support for Structuration Theory, nor
for the social mechanisms-based approach.
Though they cannot be held against them ei-
ther. Most likely other mechanisms inter-
fered, such as for example the fact that active
users are less confined to time-windows, and
interact with a lot of users, making it likely
that they bridge the gaps that time creates. Al-
ternatively, it might be true that (time-based,
or social) clusters only form when users re-
ceive sufficient social cues (such as avatar im-
ages), and that HN, with its relatively sober
layout, did not provide enough of these.37,2

5 Conclusion

To conclude, two hypotheses were formulated
based on theory: 1) the existence of a time-
pressure mechanism favouring timely replies
at the thread-level, and 2) this mechanism im-

pacting the social structure of the HN com-
munity. The first was confirmed, while the
second was not fully. The main finding be-
ing that to the extent time-effects impact the
social structure of HN, they are weak in the
core, where they only can be observed at the
micro-level, while in the periphery, and on an
aggregate level, they are slightly stronger.

In other words, the hands of time might set
the stage, and be behind some of the choreog-
raphy, but they certainly do not direct the play.
Of course, as a tentative mapping of the issue,
this paper did not do more than give a glimpse
of the formerly invisible hands of time. Catch-
ing time red-handed, or even being able to ex-
clude all alternative explanations, will require
more work, more advanced statistical meth-
ods (some of which have not been developed
yet), and most likely, an on-line experiment.

Finally, as this was only a study into the
effect of time on the social structure of one
specific thread-based online community, it
would be interesting to cross-validate these
findings using different data-sets, such as
different news-sites, forums, Facebook wall-
comments, or even journal papers across dif-
ferently structured academic years. Even
if small and subtle, time-effects might be
at work in many other settings, suggesting
unexplored directions, bringing together co-
founders with similar waking patterns, and
moulding our social relationships, right now,
and every day.
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