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ABSTRACT

In this paper, we describe visualizations of Usenet created by applying treemap techniques to the data generated by tracking a large collection of newsgroups over an extended period of time.  These images illuminate several major structures and suggest a method for further exploring large-scale social cyberspaces.
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INTRODUCTION

LEAVE BLANK THE LAST 2.5 cm (1”) OF THE LEFT COLUMN ON THE FIRST PAGE FOR THE COPYRIGHT NOTICE.

In contrast with the briefest glance at a crowded room or a city street, the hundreds of millions of messages exchanged in tens of thousands of Usenet newsgroups far exceed human limits of direct observation and comprehension. Millions of people interacting in newsgroups produce a tangled territory of inter-linked conversations.  How can we visualize this complex terrain so that we can better understand it?

Usenet newsgroups are a well-established part of the online landscape.  More than twenty years old, the Usenet is a complex, active, global, and growing system of communication for millions of people. The Netscan project seeks to measure and map a major portion of this naturally occurring online social space. The project has collected Usenet message headers since 1996 and has generated extensive descriptive metrics based on data from January 2000 through July 31, 2001. In the year 2000, 8 million people posted more than 151 million messages to nearly 50,000 newsgroups. In this paper, we address the challenge of finding a way to convey at once the breadth and detail of this very large system.

Treemaps, developed by Ben Shneiderman [3], represent a hierarchically organized data set as nested boxes. They use the area of the boxes to convey some property of each item in the dataset and the location and nesting of the boxes to indicate their position in the hierarchy. Recent work in treemaps has yielded not only improvements in the layout and partitioning algorithms but also ways to embed more information in the visualization through color, texture, and motion within the basic framework of nested boxes. Large, complex data sets from finance, medicine, geography, sports, and even computer file systems have been represented in the form of a tree map.  Examples include Micrologic’s DriveMap product (http://www.miclog.com/) and SmartMoney.com’s Map of the Market (http://smartmoney.com/). 

We have applied treemaps to the visualization of social cyberspaces in general and Usenet newsgroups in particular.  A hierarchical naming convention serves as one dimension of the organizational structure of newsgroups, making Usenet a natural candidate for treemapping.  A series of increasingly specific terms delimited by periods dedicates each newsgroup to a topic, or at least gives it a unique name.  Thus, typical names include comp.lang.perl.misc, alt.support.diabetes.kids, and misc.kids.pregnancy. In the first example, comp refers to discussions about computing, the lang label within comp to discussions of computer languages, the perl label within lang to the computer language Perl, and the misc label within perl to miscellaneous topics relating to Perl. Some newsgroups, like alt.alt.alt.alt and alt.noun.verb.verb.verb, intentionally stretch the naming convention.

We use treemaps to represent the set of Usenet newsgroups by treating each newsgroup as a box whose area is proportional to some attribute of the newsgroup, such as the number of messages posted in the newsgroup in some period of time. The boxes nest inside each other according to the hierarchical naming system; referring back to the example group above, comp would contain (among other items) lang, which would contain perl, which would contain misc, which would represent the newsgroup comp.lang.perl.misc. In the following, we present maps of various dimensions of Usenet at a variety of scales, starting with the set of all newsgroups and then zooming into a few regions of particular interest. We find that despite some limitations, treemaps provide a powerful way to visualize complex data about newsgroups and to identify a number of interesting structures and patterns.

Data collection and reliability

The Netscan project’s effort to measure and analyze online persistent conversations, which focuses initially on Usenet newsgroups, provides the data we use to build these visualizations. Several issues with Netscan’s data collection and processing require that we limit claims that the resulting maps and images are exhaustive representations of all of Usenet.

First, there is no guarantee that the news server from which we collected data received all the messages available to all other news servers. By its nature, Usenet functions as a loose, distributed network of servers, and although most messages propagate to most servers, it is also true that some messages miss many servers. The news feed we analyze comes from the Microsoft Research news server
, which receives Usenet data from multiple upstream providers, including the University of Washington, University of California at Berkeley, and Internet service providers Cable and Wireless and UUNET. Servers located in geographically or network-topologically distant locations might receive a different and potentially larger set of messages. A possible remedy for this problem would involve setting up multiple news servers around the globe to gather a more complete picture of Usenet.

Second, our data collection software suffered intermittent failures as we patched and modified our production systems.  The system was somewhat unreliable and lost data in early July 2000 and for a prolonged period during August 2000. However, a couple of factors ameliorated the effect of the holes in our data. First, the losses were greatest in the alt.binaries newsgroups, because they were set to expire from our news server more quickly than other groups since they tend to receive very large messages that would rapidly use up the server’s disk space. As a result, the data collector had less time to catch up with the binaries groups after a crash, so for some periods they were collected less thoroughly than the remainder of the newsgroups. Second, for the rest of the newsgroups, the collector gathered or failed to gather data from groups uniformly, thus preserving relative numbers of messages in each group. Since treemaps highlight relative characteristics of items in a data set, the impact of holes in the data should be minimal.
We conducted a rough check of the integrity of the data by identifying lost messages to which successfully collected messages referred. In other words, a reply to a message that we did not collect provides an indication of the existence of the missing message. Of the 151 million messages collected in the year 2000, only 14 million, or 8 percent, were referred to but were missing from our database
.  This suggests that the overall impact of the limitations of the data collected were relatively minimal, although this integrity check cannot find missing messages to which no one replied.

TREEMAPS OF USENET

In our treemaps of Usenet the sizes of the boxes reflect the number of messages that were posted in each newsgroup. When a newsgroup contains other newsgroups, its size reflects the cumulative number of messages in the newsgroup itself and in all of its children. Some of the boxes that contain other newsgroups themselves represent real newsgroups to which messages have been posted; others are merely placeholders inserted to house the newsgroups below them in the hierarchy. If the latter is the case, the children will occupy the entire area of their parent rectangle, because, as a placeholder, the parent has no messages of its own. 

As an example, rec.motorcycles.dirt is located in the box labeled motorcycles, which is within the larger box labeled rec.  The newsgroups within rec.motorcycles do not occupy the whole interior space of their parent, which indicates that some number of messages were posted directly to rec.motorcycles rather than to rec.motorcycles.dirt, rec.motorcycles.harley, or another more specific subgroup.

Assigning colors to the rectangles that represent newsgroups allows us to encode another dimension of information about the groups. Our first treemaps of Usenet indicated growing groups with green and shrinking groups with red; the intensity of the color revealed the extent of the growth or decline. But color can represent other metrics as well.  We have also examined treemaps colored by number of posters, number of replies, average message length, and number of crossposts (messages shared with other groups).

The metric that determines the size of each newsgroup’s rectangle — in this case, number of messages — must aggregate up the hierarchy. (That is, if comp.sys has 1,000 messages, then comp must have at least 1,000 messages, because it encompasses comp.sys and, very likely, other groups as well.) For color metrics, this constraint does not hold, so we are free to use descriptors, like the average message length, that do not add up from child to parent.

To avoid jarring discontinuities and to capture the flavor of sub trees of newsgroups, we determine the color of a newsgroup that contains other groups by taking the weighted average of its children’s colors.

A Web-based tool to generate newsgroup treemaps is available at:

http://netscan.research.microsoft.com/Netscan/nsBox.asp
Design Goals

The body of data we wanted to present with this design was far too voluminous to understand in a table; no matter how many ways we might provide to sort and search it.  Following one of information designer Edward Tufte’s cardinal rules — to enforce visual comparisons [4] — we selected treemaps as a powerful tool to exploit the human visual system’s ability to perceive small differences in size, position, and color.

However, Shneiderman’s original treemap layout algorithm, now called the slice-and-dice technique, generates long, thin rectangles, which are not conducive to visual comparisons. Bruls et al. [1] gave us a solution: squarified treemaps.  Their more complicated layout algorithm optimizes the aspect ratio of the rectangles, making them as close to square as possible.  These more regularly shaped rectangles make it easier to compare the sizes of newsgroups and hierarchies visually.

But squarified layouts present a problem of their own — they cannot guarantee the stability of a rectangle’s position over time.  More specifically, the location of an item in a squarified treemap depends on its size relative to other items in the treemap, so if the relative sizes of items change, the locations of those items may change.  (For example, if we draw separate treemaps of Usenet for February and March of 2001, and during that time the comp hierarchy grows larger than the rec hierarchy, the two might switch positions from one treemap to the next.) At best, this is confusing; at worst, it makes animations of treemaps changing over time virtually impossible to understand.

A compromise exists, however, between the illegibility of slice-and-dice treemaps and the instability of squarified layouts:  Shneiderman and Wattenberg [2] offer two new layout routines that rely on fixing certain items in pivotal locations to keep positioning consistent and aspect ratio low. Future newsgroup treemaps will explore the use of these algorithms, which provide aspect ratios almost as good as squarified layouts and stability almost as good as slice-and-dice displays.

Design Details

Tufte exhorts designers of large-scale information visualizations to honor the macro/micro principle, which calls for the perceptual and informational whole to emerge not through simplification or summarization of the data, but through the artfully integration of a wealth of fully realized detail [4].  Such visualizations offer summary information at a glance but also reward extended study with myriad smaller findings.

A successful macro/micro image, though, must make perceptual grouping easy, so the viewer can see the large patterns within a sea of detail. But even with a squarified layout, very large, very deep hierarchies, as are common in many areas of Usenet, can be hard to comprehend visually. In part, the sheer size of the image and amount of detail overwhelms the viewer; also, the nested rectangles create a maze-like effect that further confounds gestalt perception.

We modified the basic squarified design to ameliorate the maze effect and to facilitate perceptual grouping at various levels in the hierarchy.  In doing so, we sought to maintain informational density and honesty of presentation, but we had to sacrifice a little bit of each.

[image: image1.wmf]First, we added space within a node (around and between its children) inversely proportional to its depth in the hierarchy (Figure 1). This modification largely eliminates the maze-like appearance of deep treemaps by allowing the padding around nodes to vary down the hierarchy. Perceptual grouping, too, becomes more automatic with increased spacing around the larger, higher-level groups.

Second, we drew the outline of each rectangle with a line thickness proportional to that node’s depth in the hierarchy. Thus, the outer-level rectangle, which contains all of the rest of the rectangles, has the thickest outline, and from there the line thickness decreases linearly down the hierarchy.

Both of these changes aid in gestalt perception of the sub trees and groups within the treemap. In the process, however, they decrease the density and, to some degree, the accuracy of the information presented by slightly distorting the relative sizes of the rectangles in the treemap. As Figure 1 implies, we create the padding around nodes by slicing away some fraction of their allotted space.  Similarly, thick lines straddle the actual perimeter of the rectangle, meaning that half of their bulk falls inside the space reserved for the node they circumscribe. The padding distortion in particular appears more pronounced for smaller nodes. In general, though, the distortions constitute a small fraction of the data the nodes represent. Further design refinements should yield techniques that minimize distortion while preserving these valuable visual enhancements to the treemaps.

Design Discussion

In a typical month, approximately 38,000 Usenet newsgroups are active. Treemaps (figure 2) of such a vast landscape appear intricate and organic. Viewers tend to find them intriguing, but it takes some study to completely comprehend what the diagram represents.

Labeling the large number of newsgroups presents a challenge.  Occlusion of underlying labels has proven particularly problematic in hierarchies like microsoft, which has essentially one group at the root level, microsoft.public. (In other words, there are no groups in microsoft other than microsoft.public in the public Usenet newsfeed).  In this situation, because the labels are centered over the two rectangles, one inscribed just inside the other, the labels “microsoft” and “public” overlap, making both hard to read.

Some rectangles are drawn very small because their newsgroups have few messages compared to others in the treemap. These numerous flyspecks convey some information about the number of small newsgroups but prove useless for identifying the names and relative sizes of particular ones among them.
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Treemaps cannot easily encode more than three variables at a time:  one in the size of the boxes, one in their color, and one in their hierarchical arrangement. Efforts to overlay additional data elements have had limited utility.  Particular dimensions of color, such as brightness, can be manipulated independently of hue to encode other variables, but this strains many people’s ability to make sense of the data.

At first glance, treemaps evoke maps of physical spaces, perhaps cities, perhaps countryside. Large rectangles seem calmer, while highly subdivided hierarchies seem busy. In many ways, the treemap resembles a land-use map, with some areas seemingly more rural than others; this analogy is tempting but flawed.  The parts of the Usenet treemap with large, undivided areas represent not empty plains but vast super-newsgroups with tens of thousands of messages per month.  Still, the rural/urban distinction does convey how some hierarchies vary in terms of the extent to which they are subdivided.  Sub-hierarchies like alt.music and soc.culture have fairly flat structures, with few further sub-divisions below the third level.  In contrast, hierarchies like microsoft.public and comp have grown deeper structures, with more levels but fewer nodes at each level.

LEARNING FROM TREEMAPS OF USENET

When seen printed in a small space at a low resolution, treemaps lose much of their detail, but many high-level patterns in the structure of Usenet remain visible even when tree maps are presented at limited resolutions. The relative proportions of the various hierarchies become immediately apparent.

Top-level hierarchies

The alt hierarchy looms over the rest, a massive continent of loosely related newsgroups making up 36 percent of all newsgroups and receiving 47 percent of all messages from 44 percent of all posters.  Alt has grown so large in part because its newsgroup creation process operates less restrictively than that of the more major hierarchies.
  This means that the most active area of the Usenet is not covered by the same political regime that rules the others.  It does not mean that this activity equals quality, value, or user satisfaction, but it does demonstrate a way in which different patterns of social regulation affect the growth and structure of social cyberspaces.
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Each hierarchy differs from the rest in terms of a variety of attributes, including the number of groups it contains, the number of messages those groups receive, and the number of people who contribute those messages.  A group of eight (alt, comp, misc, news, rec, sci, soc, and talk) made up the historical core of the Usenet. That core has since changed significantly. The alt, rec, tw, comp, and microsoft hierarchies contain the largest numbers of newsgroups, messages and posters.
 The top ten hierarchies contain 44 percent of all newsgroups and 81 percent of all posts and together attract 96 percent of all posters.

In Table 1, we report for the year 2000 the number of the unique posters in each hierarchy, the total number of messages they generated, and the average length of those messages.  In addition, we display the number of messages that were replies to any prior message along with the count of all posters who wrote a reply. Starts represent the number of messages that were initial turns that eventually received replies.  This measure could also be considered the total number of threads created within the hierarchy.  The number of initiators is the count of posters who wrote at least one message that started a thread (which can have as few as just one child message).  Singles indicates how many messages were posted by authors who wrote just that message and no other in that hierarchy. “Barrens” refers to the number of initial turns that were never replied to.  Crossposts are the count of messages posted to more than one newsgroup.  

Each box in the treemap is colored to reflect its growth or decline over the prior month, in this case the months of February and March 2000; dark green indicates strong growth, dark red indicates steep decline.  The activity levels of many newsgroups and sub-hierarchies vary dramatically over time, frequently growing or declining by 30 to 40 percent in a month’s time.

Second-level hierarchies

Second-level hierarchies offer a finer-grained view of the topical focus of Usenet. The top 10 second-level hierarchies (Table 2) contain 13.9 percent of all newsgroups, 57 percent of all posts, and 48.7 percent of all posters. These indicators offer an initial guide to discovering “where the action is” in these spaces.  Note the dramatic difference in the average length of messages exchanged in alt.binaries and all other second level hierarchies. This is a strong indicator that most of the binary traffic is confined to the alt.binaries hierarchy, because binary files tend to be much larger than text-only messages. The remaining 19 of the top 20 hierarchies, with their much smaller average line counts, likely host primarily the exchange of human-readable text messages. 

Alt.binaries looms over every other second-level hierarchy in the Usenet landscape.  Composed of newsgroups dedicated to the exchange of images, software, sounds, and videos, alt.binaries has one child, alt.binaries.pictures, which alone is larger than any top-level hierarchy outside of alt.  Within alt.binaries.pictures, the alt.binaries.pictures.erotica hierarchy is the largest.  Outside of alt.binaries.pictures, alt.binaries.sounds.mp3 trails closely. 

Within alt but outside of the massive sub-continent of alt.binaries, a cluster of major sub-hierarchies are dedicated to fandom (alt.fan), music (alt.music), sex, games, social support, television, religion, sports, and politics.  The largest of these sub-hierarchies, alt.sex, alt.fan, alt.music, and alt.politics, are roughly the size of some of the medium sized top-level hierarchies, like uk (Britian), nl (Netherlands), pl (Poland), and soc (social discussions).

Many of the language-bounded hierarchies, such as tw.bbs (Taiwanese), it (Italian), de (German), uk (British), fr (French), pl (Polish), and nl (Dutch), share a common quality.  Each contains a fairly similar balance and division of its sub-hierarchies, with “recreational” groups largest in the German, British, French, and Polish hierarchies.  Computer-related discussions are second largest in all but the Italian newsgroups, where they dominate the others. 

Treemaps can be rendered to focus on any sub tree of a larger hierarchy. Figure 3 shows a rendering of the comp hierarchy alone. Comp is one of the largest and most active areas of Usenet.  There were 2,381 active newsgroups that in January 2001 whose name contained the string “comp.”.  Of those, 1,171 were in the comp hierarchy; the remainder were “comp” related newsgroups in other hierarchies, most notably in the major language hierarchies. In the comp hierarchy in January 2001, 135,788 unique participants created 426,195 messages.

The comp hierarchy is dominated by the sys, lang, and os sub-hierarchies.  The tree map illuminates the relative interest of Usenet participants in a range of programming languages and computer operating systems and hardware platforms.  

Future Directions

Because the name-based hierarchy of newsgroups is sometimes uninformative, inconsistent, or even deliberately misleading, we attempted to construct an alternative hierarchical structure by performing a hierarchical agglomerative clustering on the set of newsgroups. As a connecting variable, we examined the number of crossposts each newsgroup shared with every other group. With this, our clustering software built an approximately 65,000-element vector of connections for each group and calculated the Euclidian distance between each pair of newsgroups. The groups then were clustered together sequentially, with the closest ones bound together first, until one large parent cluster united all of them. The order in which they were appended to this massive cluster dictated the structure of the tree that emerged.

Although the clustering itself seemed to succeed, with groups likely to share posts coupled together (e.g., comp.lang.c and comp.lang.java), the treemaps of the clustered hierarchy proved harder to understand and less useful than the namespace-based treemaps, in large part because the hierarchy was so deep, often with just one leaf node at each level of the tree.

Refining clustering techniques and the tools to visualize the results is an important direction for this work.

Conclusions

Tree maps are a promising technique for the exploration of large-scale social cyberspaces.  These maps offer an approach to capturing macro patterns in social cyberspaces while offering the ability to drill down into fine details.  
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Figure 1.  Space added within each rectangle and around and between its children.  The size of inner space is large at the upper levels of the treemap hierarchy and shrinks linearly down the hierarchy, so it is smallest at deep leaf nodes.





�Figure 2. Tree map of all Usenet, March 2000





� Figure 3. The “comp.*” hierarchy in March 2000








Hierarchy �
Authors�
Repliers�
Initiators�
 Average�Line Count �
Posts�
Replies�
Starts�
Barrens�
Crossposts�
Crosspost Targets�
�
Alt�
3,543,190�
1,444,754�
1,138,783�
         2,275 �
71,308,840�
31,043,911�
5,200,549�
35,064,380�
13,004,868�
93,117�
�
Rec�
809,716�
509,802�
366,025�
              31 �
12,476,839�
9,551,281�
1,371,427�
1,554,131�
1,098,691�
26,670�
�
Tw�
731,891�
35,063�
84,815�
              28 �
4,922,738�
257,600�
192,153�
4,472,985�
173,291�
9,842�
�
Comp�
714,439�
377,366�
374,454�
              34 �
5,517,379�
3,737,989�
922,879�
856,511�
699,834�
22,957�
�
Microsoft�
713,187�
346,131�
450,592�
              57 �
5,508,025�
3,542,007�
1,164,800�
801,218�
318,333�
19,260�
�
It�
281,236�
160,784�
155,853�
              37 �
5,936,217�
4,405,374�
762,678�
768,165�
270,217�
10,864�
�
De�
239,345�
149,147�
128,111�
              53 �
4,680,557�
3,846,098�
470,830�
363,629�
272,097�
16,123�
�
Fr�
220,748�
120,377�
113,005�
              24 �
3,416,956�
2,517,452�
436,680�
462,824�
284,080�
9,273�
�
Uk�
216,538�
139,501�
88,131�
              26 �
3,121,298�
2,467,472�
288,821�
365,005�
636,927�
16,756�
�
Soc�
167,927�
111,216�
53,223�
              50 �
2,862,908�
2,218,930�
255,586�
388,392�
1,086,703�
16,098�
�
Table 1.  Subject selected newsgroups by number of unique authors for the period January 1, 2001 through July 31, 2001





Hierarchy �
Authors�
Repliers�
Initiators�
 Average�Line Count �
Posts�
Replies�
Starts�
Barrens�
Crossposts�
Crosspost Targets�
�
alt.binaries�
1,247,518�
282,253�
51,322�
5,056 �
30,962,613�
3,202,184�
1,052,422�
26,708,007�
6,506,242�
32,939�
�
tw.bbs�
730,165�
34,750�
52,707�
28 �
4,907,386�
256,673�
191,693�
4,459,020�
170,494�
9,283�
�
microsoft.public�
703,655�
343,405�
64,613�
57 �
5,469,873�
3,534,822�
1,161,009�
774,042�
316,929�
19,093�
�
alt.sex�
347,897�
32,591�
7,061�
305 �
1,690,052�
151,258�
66,944�
1,471,850�
522,395�
14,084�
�
alt.music�
224,287�
134,007�
27,219�
52 �
2,816,178�
2,107,278�
349,751�
359,149�
208,109�
17,605�
�
alt.fan�
211,020�
136,107�
22,564�
366 �
3,639,166�
2,740,187�
320,610�
578,369�
843,992�
26,077�
�
alt.comp�
197,106�
120,109�
14,665�
30 �
1,190,215�
854,710�
223,925�
111,580�
112,447�
9,052�
�
comp.sys�
190,140�
114,020�
23,519�
27 �
1,620,633�
1,244,199�
223,127�
153,307�
220,242�
8,059�
�
alt.games�
169,675�
106,955�
16,610�
35 �
2,119,611�
1,740,447�
255,517�
123,647�
210,029�
12,746�
�
rec.music�
144,930�
73,658�
21,132�
33 �
1,693,989�
1,254,685�
188,039�
251,265�
133,427�
7,656�
�
Table 2. Top ten second level Usenet hierarchies sorted by posters Year 2000.








� We owe a great deal to Wyman Chong, who has deftly administered this news server (and its ever-growing disk arrays) essentially for our use for many years.


� When messages are referred to but missing from the Netscan database, a placeholder message is created.


� With the exception of newsgroups in the alt, microsoft, and other institutional and commercial hierarchies, new newsgroups are created through a fairly elaborate electoral process. In exchange for following this process, ratified newsgroups often gain wider distribution.  While no Usenet server is required to accept or pass along all newsgroups, by informal agreement many sites carry any newsgroup that passes the electoral hurdle. In contrast, newsgroups in the alt hierarchy can be created at a moment’s notice by anyone who so desires.  The trade-off is that many Usenet sites refuse to carry alt newsgroups entirely or only carry selected newsgroups.  Many alt newsgroups must develop a moderately strong following before they will be widely distributed, posing a chicken-and-egg problem.  Still, many alt newsgroups succeed and are widely available.


� Posts and posters can be counted in multiple newsgroups and hierarchies because authors can post their messages and, by extension, themselves into multiple places. This is called crossposting. 





