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Online spaces that enable shared public interpersonal communications are of significant social, organiza-
tional, and economic importance. In this paper, a theoretical model and associated unobtrusive method are

proposed for researching the relationship between online spaces and the behavior they host. The model focuses
on the collective impact that individual information-overload coping strategies have on the dynamics of open,
interactive public online group discourse. Empirical research was undertaken to assess the validity of both the
method and the model, based on the analysis of over 2.65 million postings to 600 Usenet newsgroups over a
6-month period. Our findings support the assertion that individual strategies for coping with “information over-
load” have an observable impact on large-scale online group discourse. Evidence was found for the hypotheses
that: (1) users are more likely to respond to simpler messages in overloaded mass interaction; (2) users are more
likely to end active participation as the overloading of mass interaction increases; and (3) users are more likely
to generate simpler responses as the overloading of mass interaction grows.
The theoretical model outlined offers insight into aspects of computer-mediated communication tool usability,

technology design, and provides a road map for future empirical research.
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1. Introduction
The online spaces used for shared public interper-
sonal communications (enabled by technologies such
as e-mail lists, Internet relay chat channels, and
Usenet newsgroups) are of significant social, organi-
zational, and economic importance (Rheingold 1993,
Hagel and Armstrong 1997, Butler 2001). To date, a
large proportion of studies on the behavior of users
of such online spaces have been discussed in terms of
“virtual community” (e.g., Cherny 1999, Jones 1997,
Wellman and Gulia 1999). The focus on “community”
has been typically associated with social or group
theories. Consequently, less attention has been paid
to the impact the nature of such virtual spaces has
on user behavior, where shared public online inter-
actions occur. However, it is in the design of these

online spaces, rather than users’ social networks,
where information systems managers can often exert
the greatest level of control. Therefore, there is a
need for information systems researchers to exam-
ine the nature of the relationship between the virtual
spaces used for shared public online behavior and the
interactions (postings or behaviors) such systems con-
tain. We address this need by proposing a theoretical
model and associated method for examining the rela-
tionship between public online interaction spaces and
their message dynamics.
To understand the impact that the spaces of pub-

lic online interpersonal interactions have on user
behavior, methodologies are needed that are neither
culture specific nor time specific. Unfortunately, the
relative novelty of this research question means that
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no analytical technique leaps to mind as a preferred
or even obvious method of choice. The difficulty in
choosing an appropriate method is perhaps exacer-
bated by the fact that analyses cannot rely solely on
in-depth examinations of a small number of unique
spaces and associated users’ online behavior. This is
because such research is likely to amount to an ad hoc
exploration of individual systems whose shared char-
acteristics, constraints, trade-offs, and metrics are
unknown. This suggests that various forms of virtual
ethnography, using techniques such as participant
observation, are less appropriate. We also know that
normative statistics cannot be used to predict the rela-
tionship between a technology and user-behavior in
a deterministic fashion (Jones 1997). This is because
social outcomes are determined by social context
(Spears et al. 1992), not technology. Examples include:
group norms and social learning (Schmitz and Fulk
1991), social identity (Lea and Spears 1991), the make-
up of the community of users (Kling and Gerson
1977), and work group cohesiveness (Fulk et al. 1992).
Therefore, the particular way in which a technology
is used is not determined by the technology itself,
but rather is dependent on its social context. Con-
sequently, it will not be possible to accurately pre-
dict the particular form that online behavior will take
without a detailed understanding of its social context.
This in turn suggests that purely normative statisti-
cal approaches to describing behavior in public vir-
tual interaction spaces may cloud understanding of
the range of ways in which a communication technol-
ogy is used. Further, the likely result of such analysis
would be contradictory findings that fail to take into
account the complexities of the social context. Simi-
larly, it is difficult to design laboratory studies with
ecological validity because good experimental design
requires control for naturally occurring variations in
social context, thus narrowing the range of social con-
texts explored.
The limitations of the standard methodologi-

cal approaches to understanding the relationship
between virtual interaction spaces and the behav-
iors such systems contain suggest that alternative
techniques are needed. Ideally, these alternatives
would help us to understand the impact of par-
ticular types of computer-mediated communication
technologies on online behavior, independently of the

narrow social contexts of use. To achieve this end, we
propose a theoretical model and associated method
for examining the relationship between public online
interaction spaces and their message dynamics. The
model focuses on the collective impact that individ-
ual information-overload coping strategies have on
the dynamics of interactive public online group dis-
course. The proposed method for examining such
impacts is large-scale field studies. Using such an
approach, it is possible to move the emphasis away
from notions of “community,” and its attention to
people and their relations, to the impact that virtual
spaces have on online behavior. Following an outline
of the theoretical model and associated method, we
describe the empirical research undertaken to assess
its validity. This empirical research is based on the
analysis of 2.65 million messages posted to 600 Usenet
newsgroups over a 6-month period.

2. Theoretical Model
In this section we outline a model of public vir-
tual interaction dynamics based on an analysis of
the collective impact of individuals’ information-
overload coping strategies. Virtual publics are sym-
bolically delineated, computer-mediated spaces, such
as e-mail lists, newsgroups, Internet relay chat (IRC)
channels, that enable a potentially wide range of indi-
viduals to attend and contribute to a shared set of
computer-mediated interpersonal interactions. They
can therefore be considered as relatively transpar-
ent and open. We adopt here the term virtual public
for two reasons: It is important that we distinguish
between cybersociety (Jones 1995), virtual communi-
ties (Jones 1997), and open online interactions spaces
(Jones and Rafaeli 2000a). Second, we need a simple
label to describe online, shared, interpersonal inter-
action spaces, whose membership and existence are
fairly open for both observation and user participa-
tion. Following the presentation of our proposed con-
straints model to virtual public message dynamics,
we suggest a methodology for testing various associ-
ated hypotheses.
Historically, communication technologies have been

enablers of only a limited range of social interactions.
For example, in the ancient Middle East clay tablets
assisted signal transmissions: They carried informa-
tion and helped reduce the amount of required inter-
personal interactions. Use of this technology helped
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create many great ancient civilizations. Clay tablets
were also a constraining technology. They were not
easily reproduced and required physical presence for
message transfer. Clay tablet technology both enabled
and constrained certain social outcomes through its
particular form of asynchronous communication. Sim-
ilarly, despite the technological advances and pop-
ular thinking about the limitlessness of cyberspace,
we assume that each computer-mediated communica-
tion (CMC) technology acts to enable only a limited
range of social interactions. Further, it stands to rea-
son that the range of social interactions enabled and
constrained by different CMC technologies will vary.
It follows that appropriate measures of interactions
occurring in different types of virtual publics should
shed light on the extent to which they enable and con-
strain user interactions.
The question raised by the discussion of historical

communication media is what are the equivalent con-
straints to public online group communication? Two
constraints are discussed in the literature: critical mass
and information overload. We review each and show
how information overload can be used to explain and
explore the message dynamics of virtual publics.

2.1. Human Limits to Shared Public Online
Interpersonal Interactions

2.1.1. Critical Mass. Licklider (1968) suggested
that CMC was constrained by the necessity for a
“critical mass” or minimum number of people to
be available for the solving of various problems. In
their study of one of the earliest computerized confer-
encing systems, Hiltz and Turoff (1978) noticed that
some discourse groups were simply “too-small,” and
lacked a “critical mass” to sustain interactions. Users
of these small groups either stopped using the sys-
tem or engaged in what they referred to as “elec-
tronic migration” to larger groups. Markus (1987) and
Rafaeli and LaRose (1993) noted how critical mass
could also be used to make predictions about adoption
rates of communication technologies. Palme (1995)
expanded on the work of Hiltz and Turoff and pro-
posed different values of critical mass as appropriate
for different activities. Palme also proposed a lin-
ear “communication response function” to explain the
group size threshold for sustainable CMC. However,

we know that the relationship between user popula-
tion and user contributions cannot be described by
a simple linear function because there is a decrease
in the likelihood of individual user’s participation in
public discourse (Thorn and Connolly 1987, Whittaker
1996). Further complicating the issue, the term “criti-
cal mass” sometimes refers to the chances of gaining
a response to a message (Palme 1995) and sometimes
the chances of new material being generated (Hiltz
and Turoff 1978). Perhaps most importantly here, var-
ious authors (Rafaeli and LaRose 1993, Ackerman and
Palen 1996, Bradner et al. 1999) have shown that what
constitutes critical mass is primarily determined by
the social context of discourse, rather than technol-
ogy itself. Therefore the need for “critical mass” is not
a technology-mediated constraint to online behavior.
This means that critical mass is not an obvious predic-
tor of structural relationships between virtual publics
and the message dynamics they host (which is the
focus of this paper).

2.1.2. Information Overload. Information over-
load is the state of an individual (or system) in
which not all communication inputs can be processed
and utilized, leading to breakdown (Rogers and
Agarwala-Rogers 1975). In the context of CMC, re-
searchers refer to both conversational overload—when
too many messages are delivered, so that individ-
uals are unable to respond adequately (Whittaker
et al. 1998)—and information entropy (Hiltz and Turoff
1985)—when incoming messages are not sufficiently
organized to be easily recognized as significant or as
part of a conversation’s history.
Psychologists have long appreciated the limited

capacity of people to store current information in
memory (e.g., William James in the nineteenth cen-
tury). The analysis of this information-overload pro-
ducing limitation led in the 1950s to work in the field
of cognitive psychology. Particularly influential in this
regard were Miller’s (1956) idea that we can process
seven chunks of information (plus or minus two) and
Broadbent’s (1958) filter model of attention. In the
physical or so called “real world,” the maximum den-
sity and geographic spread of a culture’s settlements
are also linked to the management of information
overload (Fletcher 1995).
For communities to function, individuals have

to interact with each other. However, interaction
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involves the strain of dealing with other people, the
effort of coping with the products of group activ-
ity such as noise and trash, and the effort we must
expend to make communication possible. As a result,
major changes in human settlement densities, such as
those associated with the move from agrarianism to
urbanism, have only been sustained historically when
new assemblages of technological aids to interaction
and communication have been developed, such as
writing, clay tablets, and the telegraph. We reason that
in a similar fashion to interactions in real settlements,
sustainable interaction dynamics that occur using vir-
tual publics (Jones and Rafaeli 2000a) are constrained
by information overload. We claim that this is caused
by limitations to an individual’s ability to effectively
process, over sustained periods, various patterns of
virtual public interactions. Communication load is the
processing effort required to deal with a set of mes-
sages or signals. An overly high communication load
will result in information overload. Beyond a partic-
ular level of average-user communication processing,
information overload will render the existing patterns
of interactive public group communication unsustain-
able.
Figure 1 (from Jones and Rafaeli 2000a) illus-

trates how individual cognitive processing limits are
linked to group communication. Three distinct cog-
nitive load levels for groups CMC, A, B, and C

Figure 1 Individual and Group Processing Limits
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are presented. At different cognitive load levels, dif-
ferent individuals are willing or able to process group
messages. At Level A, every user can process the
discourse. While at Level C, no one is able to
process all the messages. Figure 1 illustrates that
cognitive processing abilities of groups are not
simply the sum of their individuals’ cognitive pro-
cessing capacities. Consequently, certain patterns of
interactive group CMC cannot be sustained if the
required processing effort (communication load) is
higher than the maximum amount individuals can
or are prepared to invest. The average maximum
communication load (AvMaxCL) is therefore a cru-
cial element in understanding virtual public message
dynamics.
Individuals can take a range of actions to reduce

the impact of information overload resulting from
group CMC. Possible actions include: (1) increasing
the effort, (2) learning new information management
techniques, (3) failing to respond or attend to some
messages, (4) producing simpler responses, (5) stor-
ing inputs and responding to them as time permits,
(6) making more erroneous responses, and (7) end-
ing participation in the group communication. These
seven actions can be combined into two primary
options for a population of experienced users who
cannot easily adopt new information management
techniques. The first option is simply to end partici-
pation. The second option is to change ongoing com-
municative behavior. We hypothesize that these seven
individual responses to overloaded group CMC, can
lead to observable impacts of virtual public interac-
tion dynamics.
Although we do not have an exact measure of com-

munication load, we do know that it relates to a num-
ber of message system characteristics. Users generally
have to make more of an effort to reply coherently to a
thread (a chain of messages) than to a single message
(Lewis and Knowles 1997). Higher interactivity (see
Rafaeli 1988 for a discussion of this term in regards
to CMC) correlates with higher communication load.
Similarly, a dense pattern of messages (high frequency
of postings) will require quicker and more sustained
processing by group members. Therefore, message
density will also covary with communication load. It
is also likely that an increase in interactional inco-
herence (such as fragmented sentences, agrammatical
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language, and interactionally disjointed messages)
will also increase communication load (Herring 1999).
Abstracting the notion of individual information

overload to impacts on virtual public interaction
dynamics requires a systemic approach to virtual pub-
lic discourse. This can be achieved by the recogni-
tion of virtual public discourse that is produced by
members who are free to vocally participate, lurk, or
unsubscribe as the output of a complex social system
(Jones and Rafaeli 2000a; Rafaeli et al. 2004). Analy-
sis of the systemic nature of social relations can be
achieved through a focus on feedback loops (Forrester
1969). The logic is as follows, an increase in the mem-
bership of a virtual public is likely to be positively
correlated with an increase in virtual public commu-
nication and communication load. However, individ-
uals may not expand their involvement in virtual
public communication indefinitely because of limited
processing resources. Once virtual public communi-
cation becomes unmanageable or incoherent, involve-
ment patterns will change. This in turn will impact
subsequent discourse dynamics.

2.2. A Method for Understanding and Comparing
the Message Dynamics of Virtual Publics

In this section we outline a method for empirically
observing some of the impacts of the AvMaxCL
on the interaction dynamics of virtual publics. The
method is centered on the large-scale observations of
mass interaction, the shared discourse between hun-
dreds, thousands, or more individuals (Whittaker
et al. 1998). When group CMC discourse approaches
the AvMaxCL, a further increase in the communica-
tion load should result in an increased preference by
individuals to engage in communicative actions that
require less cognitive effort. This in turn will change
the communication dynamics of the group CMC in
question. For example, at AvMaxCL an increase in
the number of interactive users may result in two of
the seven individual responses to information over-
load listed above, shorter reply messages, and/or
a higher turnover of users. In this case, both the
proportion of users maintaining an active involve-
ment and message length, can be explored as depen-
dent variables as they are not constrained by the
number of active users. Mass interaction, which in
many cases is likely to be fairly overloaded, provides

a unique opportunity to explore such relationships.
This is because the large number of both messages
and users involved in mass interaction should enable
observations that may otherwise be hidden by differ-
ences between individuals and the social contexts of
communication.
Figure 2 illustrates how the large-scale mapping

of virtual public discourse should enable the mod-
eling of the relationship between CMC technologies
and communication load (Jones and Rafaeli 2000b).
This figure suggests how a research methodology
could be developed based on the analysis of vir-
tual public mass interaction. The figure plots, for a
number of virtual publics, an expected relationship
between their user population and various free vari-
ables, such as the average level of message complex-
ity. The figure shows that the stress zones caused by
overloaded interactive communication can be empir-
ically identified by mapping active participation in
different virtual publics against various components
of the communication load function. The plots of
the different virtual publics vary widely because of

Figure 2 Virtual Public Technologies and Message Processing
Capacity
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differences in their social context. The hypotheti-
cal synchronous virtual publics are located relatively
close to the vertical-axis because they require user
copresence for message exchange, which occurs fairly
quickly and limits group size. On the other hand,
the hypothetical plots of asynchronous virtual publics
have larger user populations because users can take
time to digest and respond to messages. Thus, the
figure displays differences between virtual public
technologies.
The approach outlined in Figure 2 does not assume

that technology will determine use per se. Further, it
does not suggest anything about the content of virtual
public discourse within the boundaries imposed by
technology, nor does it prescribe who will use one vir-
tual public or another. To say something meaningful
about the content of discourse, both social theory and
a focus on context are required. It may also be the case
that different types of social aims and social struc-
tures for online discourse (e.g., empathic as opposed
to technical, moderated as opposed to unmoderated)
may be associated with different stress boundaries.
The model does not deal with this issue, although it
provides a means for addressing it empirically. The
model does not attempt to explain individual vari-
ations in the discourse patterns observed. Rather, it
focuses on stress boundaries because we believe these
provide the key link between technology and dis-
course structures.
In summary, our theory assumes that: (1) an indi-

vidual must invest more cognitive resources to pro-
cess large, complex group CMC than small-scale
group CMC; (2) decisions made by individuals to
employ various information-overload coping strate-
gies will affect the dynamics of virtual public dis-
course; and (3) the nature of the cognitive resources
required to process group CMC relates to the CMC
technology in question. Building on these assump-
tions, we suggest a method for understanding the
group-level usability of virtual publics. This method
is field research, where the large-scale and natu-
rally occurring patterns of sustained interactive online
communication are mapped and analyzed. An aim
of the method is to identify the collective impacts of
individual information-overload coping strategies on
virtual public interaction/discourse dynamics.

3. Hypotheses
The theory and method outlined above generate the
following research questions.
(1) How does the volume of interactive group

communication relate to the complexity of message
content?
(2) How does the complexity of initial postings

relate to the chances of gaining a response?
(3) How does the volume of interactive group com-

munication relate to user participation patterns?
We address these research questions here through

exploration of three hypothesized impacts of individ-
ual information overload on virtual public mass inter-
action dynamics in Usenet newsgroup postings. As
discussed in further detail below, it is assumed here
for all three hypotheses that a large proportion of
Usenet newsgroups operate at AvMaxCL, and there-
fore we will be able to observe its impact by large-
scale observation of Usenet interactions.

Hypothesis 1. At AvMaxCL, as the number of inter-
active communications increases, there will be a decrease
in the average complexity of response messages until
asymptote.

The communication load associated with the pro-
cessing of group CMC can be weakly operationalized
as the number of messages or interactive discussion
threads per given time unit. Similarly message sim-
plicity/complexity can be operationalized weakly in
terms of various message characteristics, such as the
number of words or new lines of text produced by
the poster.

Hypothesis 2. At AvMaxCL, simple group CMC mes-
sages will be more likely to generate responses than complex
messages.

We believe this will occur because people are likely
to attend to messages that are hard to process. Simi-
larly, they will also respond less to more complicated
messages. We explore this empirically by examining if
simpler messages are more likely to seed (start) new
discussion threads than complex messages.

Hypothesis 3. At AvMaxCL, as group CMC complex-
ity increases, there will be an increased tendency for indi-
viduals to end or reduce active participation.
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We suggested above that disengagement is a strat-
egy users will often adopt to cope with overloaded
discourse. It follows then that the larger the num-
ber of individuals involved in overload group CMC
discourse, the less stable the population of active
participants.

4. Research Methodology
As noted above, field studies involving the map-
ping and analysis of large-scale, naturally occurring
patterns of sustained interactive online communica-
tion are theoretically and methodologically appropri-
ate. To implement such field studies and assess the
hypotheses we have outlined, we need to choose
appropriate virtual public technologies, collect large
data samples, operationalize key concepts, and ana-
lyze virtual public interaction dynamics.

4.1. Usenet Technology
Virtual publics are supported by a wide variety
of technologies, including the Usenet, Internet relay
chat, e-mail lists, and avatar systems. The Usenet is
a system of electronic bulletin boards, referred to as
newsgroups. It is not a computer network, but rather
a network of multilateral agreements among system
administrators to cooperate on bulletin board man-
agement (Sproull and Faraj 1997). A number of practi-
cal considerations make Usenet newsgroups a useful
virtual public technology with which to assess the
first three hypotheses.
(1) The collection of hundreds to thousands of

newsgroup user postings (interactions) is relatively
straightforward. This is important because prior to
this research it was not apparent how large a sample
size was required to demonstrate the hypothesized
phenomena.
(2) The capture of inter-user-interactivity data for

analysis, such as discourse threading, for newsgroups
is apparent (Liu 1999 outlines why this is not the case
with most synchronous CMC).
(3) Anecdotal evidence suggests that a large per-

centage of Usenet newsgroups are overloaded (Smith
1999, Smith and Fiore 2001). The importance of this
third feature of Usenet newsgroups is linked to the
need to include a reasonable number of virtual public
interactions operating at AvMaxCL in the sample.

4.2. Data Collection
Representative sampling of Usenet discourse is dif-
ficult; the Whittaker et al. (1998) solution was to
produce a randomly stratified sample of English
text-based Usenet newsgroups. They extracted 500
newsgroups from a subset of then-active, widely
distributed newsgroups, which contained predom-
inately English text-based conversational messages.
For this project, we used the same core 500 news-
groups studied by Whittaker et al. (1998). An addi-
tional 100 newsgroups were also selected based on the
Whittaker et al. approach. This allowed for 100 mod-
erated groups to be selected. The complete content
of 3,293,995 postings was collected over 8 months.
From this larger sample, all of the 2,652,552 messages
collected over the 6 months from August 1, 1999, to
February 29, 2000, were used to conduct this study.

4.3. Operationalization of Key Concepts
To assess the hypotheses regarding the impact of
cognitive processing limits on Usenet virtual pub-
lic discourse, it is necessary to operationalize two
key concepts, message complexity and interactive group,
which in turn requires that the chain of interactions
between users be determined and measured. Further,
the notion of an interactive group also implies a speci-
fied time frame within which the interactions between
group members occur.
By message complexity we refer to the effort required

by users to create and/or read a message. Common
sense informs us that on average the effort required
to create a Usenet message will correlate with a num-
ber of message characteristics, the most obvious being
message length. For each Usenet message the follow-
ing variables related to length were calculated: the
number of words in the body of the message (words);
the number of words on nonindented lines in the
body of the message (new words); the number of lines
according to the header field, which typically includes
lines of attachments; the number of lines excluding
those of attachments (lines); and the number of non-
indented lines excluding those of attachments (new
lines).
It is assumed that, to some degree, these vari-

ables correlate with message complexity (shorter mes-
sages on average being simpler). Of course, none of
these measures are ideal because the effort required to



Jones, Ravid, and Rafaeli: Information Overload and the Message Dynamics of Online Interaction Spaces
Information Systems Research 15(2), pp. 194–210, © 2004 INFORMS 201

write a message relates to many other factors. Exam-
ples include the concepts the author is intending to
convey, the context of the message in the discourse
stream, and the complexity of the language required.
A more refined measure could be computed via the
use of a more complex algorithm. Variables utilized
in such an algorithm could include sentence length,
technical word use, and recognition of the extent to
which a message was impacted by being part of a
discussion thread. However, we believe that for our
purposes such analysis is not called for.
The size of interactive discussion groups can be con-

ceived of in a number of ways, so it is important
that we examine how the term should be operational-
ized. Is it the size of the group the number of sub-
scribers, the number of contributors, the number of
messages, the number of contributors of interactive
and/or reactive messages, or some other measure?
Obviously, the number of newsgroup postings and
the number of newsgroup contributors will be highly
correlated. However, it makes sense to distinguish
posters of responses from purely one-way posters,
because one-way posters may not actually be engaged
in group discourse and because the act of respond-
ing to another individual’s message appears to be
qualitatively different. Further, group size is gener-
ally understood in terms of people, not their output.
Based on this logic and for the sake of simplicity
we will operationalize the size of the interactive discus-
sion group in this paper as the number of contributors
of reply messages (interactive and/or reactive mes-
sages). This requires that we identify reply messages
and message threads. This cannot be achieved sim-
ply by using the message header references because
these references are not particularly accurate (Lewis
and Knowles 1997, Smith 1999). As a result, the highly
difficult task of thread reconstruction of the millions
of the messages collected had to be undertaken. We
describe how we achieved this objective in detail in
the appendix.
What is the time period used to operationalize the

concept interactive group? Should this be a day, week,
month, or some other duration? At the time of data
collection Usenet servers typically stored postings for
about a week, suggesting that looking at a weekly
set of data would more closely approximate user
interactions with newsgroups. Hence, an examination

by week has some face validity because it probably
relates closely to how typical users perceive news-
groups. Further, data plots suggest that for some of
the issues examined in this paper, looking at the data
from a monthly perspective results in low granular-
ity. On the other hand, daily and weekly plots look
quite similar, despite some quite strong daily fluc-
tuations. All these points suggest that weekly mea-
sures are most appropriate for this study. Therefore,
for the current purposes, interactive discussion group
size will be considered equivalent to the number of
interactive or reactive posters to a newsgroup over a
one-week period.

Active newsgroup participation or newsgroup stability:
An examination of the Usenet data shows that many
active newsgroup users do not post every week, sug-
gesting that the measure of stability or active partic-
ipation should be based on a longer time period. It
therefore seems reasonable to examine this issue by
choosing a month-to-month scale to measure stability.
Therefore, for the purposes of this study, we define
proportional poster stability as the percent of posters in
a month that also posted in the previous study month.
A final term that needs to be operationalized is the

concept of operating at AvMaxCL. Because this is the
key theoretical construct our research is attempting
to demonstrate, it cannot be directly operationalized.
Instead, it is assumed here that a large proportion of
Usenet newsgroups operate at this level of commu-
nication load, and it is hypothesized that we will be
able to observe its impact by large-scale observation
of Usenet interactions.

4.4. Data Analysis
The statistical analysis was conducted using SPSS.
For all results reported in this study, the significance
level deemed appropriate was the smallest value
reported by the SPSS package for the analysis in
question. For large-scale analysis this was p < 0�0000,
and for analysis with hundreds of variables this was
p < 0�000. Regression analyses were conducted to test
each hypothesis. For each regression analysis back-
ward elimination was used. All the variables included
in the final models reported are listed in the results
section. Further, examinations were made for multi-
colinearity, and probability plots were produced to
examine if outliers should be removed from derived
models.
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To test the first hypothesis that message length will
relate to group size, we need to deal with the problem
of regression toward the mean, where larger groups have
less variance of mean measures (Newell and Simpson
1990). This effect was expected because word and line
count cannot be negative, so outliers are going to
have a larger impact on the means of small groups,
resulting in a decreasing slope as group size increases.
This means that approaches such as orthogonal poly-
nomials would simply demonstrate the existence of
a curve that could be explained as a statistical arti-
fact. The method we chose to address this problem
was to compare the transformed ranks of the sizes
of individual messages rather than aggregations. This
was achieved by ranking the entire sample of mes-
sages according to each of the measures of compar-
ative message complexity and then transformed to
approximate normality using the Rankit proportion
estimation formula ��r−1/2�/w� (where w is the num-
ber of observations, and r is the rank, ranging from 1
to w, with tied ranks allowed) (Chambers et al. 1983).
Using these new variables, it is possible to conduct
regression modeling to assess if message length was
related to group size, while taking into account con-
cerns about regression to the mean.
To test the second hypothesis that shorter messages

were more likely to seed discourse, we used a stan-
dard logistic regression, with its underlying nonlin-
ear mathematical model. To test the final hypothesis
regarding newsgroup stability, it was necessary to
remove outliers to derive a model fully meeting
requirements for normality.

4.5. Data Preparation
As discussed in §4.3, to operationalize the concept size
of interactive discussion groups, and to test hypotheses
related to our theoretical model, we need to iden-
tify messages’ positions in discussion threads. In the
appendix, we detail the techniques used to achieve
this. It should be noted that the aim of this data prepa-
ration was not to perfectly identify reply messages
and threads in this multimillion message data set, but
rather to identify a sufficient percentage of reply mes-
sages and message threads so as to enable hypothesis
testing with face validity. We considered this to be the
case if the measures of specificity (the probability of
a negative result for a true negative) and sensitivity

(the probability of a positive result for a true pos-
itive) were above 90%, because we believed this to
be enough to enable observation of the hypothesized
effects of information overload in a large data set. In
the end we were able to identify reply messages with
a specificity of 96% and a sensitivity of over 99% and
parent messages of a message-reply pairs with a speci-
ficity of 92.4% and sensitivity of 99%.

5. Results
With the operationalization of key terms and the
demonstration of both the adequate identification of
replies and the reconstruction of threads, it is possible
to examine the hypothesized effects of the informa-
tion overload on virtual public message dynamics.

Hypothesis 1. At AvMaxCL, as the number of com-
munications increases, there will be a decrease in the aver-
age complexity of response messages until asymptote.

It is assumed here that a sufficiently large propor-
tion of Usenet newsgroups operate at AvMaxCL, and
therefore we will be able to observe its impact by
large-scale observation of Usenet interactions. Thus,
this hypothesis is explored by examining if average
complexity of response messages decreases as the
size of the interactive Usenet newsgroup discussion
group increases. Scatter plots of the various message
complexity measures against group size/activity mea-
sures were made to provide insight into the appropri-
ateness of various statistical methods and assure face
validity to the hypotheses under examination. One of
these plots is presented in Figure 3.
Figure 3 is a scatter plot of the average number

of words in threaded messages (replies) by the num-
ber of posters of such messages. Each of the various
scatter plots of message complexity by the size of the
interactive discussion groups look similar. They also
display the expected relationship between the size of
the interactive newsgroup and various measures of
message complexity.
Table 1 shows the comparison between first and

fourth quartiles of group size (number of posters of
threaded messages) for various measures of message
complexity. For all measures, the average message
complexity is reduced as the group size increases, and
this is the case for all quartiles examined and for both
measures of group size.
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Figure 3 Plot of Average Number of Words in Threaded Messages
Posted to Newsgroups by the Number of Posters of Threaded
Messages

Number posters of threaded messages per week
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Unfortunately, while the plots and quartile data sup-
port the model proposed, they do not provide strong
evidence. This is because, as noted in the methods sec-
tion, in statistical terms the plots and the tables can be
explained in terms of regression toward the mean, where
larger groups have less variance of mean measures
(Newell and Simpson 1990). Because word and line
count cannot be negative, outliers are going to have
a larger impact on the means of small groups, result-
ing in a decreasing slope as group size increases. To
side-step the problem of regression to the mean, we

Table 1 Message Complexity Measures for First and Fourth Quartile
of Distribution of Posters of Threaded Messages

Std.
Variables Quartiles Number Mean deviation

Threaded message lines first quartile 3,164 36�14 62�46
per week computed from fourth quartile 3,072 30�51 8�24
message header data

Threaded message lines first quartile 3,164 34�39 61�89
per week computed fourth quartile 3,072 28�88 8�04
from content

Number of nonindented first quartile 3,164 20�49 52�03
threaded message fourth quartile 3,072 16�49 3�93
lines per week

Number of threaded first quartile 3,164 208�68 353�42
message words fourth quartile 3,072 182�96 55�01
per week

Number of words on first quartile 3,164 126�25 275�83
nonindented threaded fourth quartile 3,072 106�70 29�03
message lines per week

chose to look for the hypothesized effects by examin-
ing the average of ranks of individual messages rather
than aggregations. This was achieved by ranking the
entire sample of threaded messages according to each
of the measures of comparative message complexity
and then transformed to approximate normality using
the Rankit proportion estimation formula (see §4.4).
The rankings were from 1 to 1,499,133. Variables were
then computed and matched to individual messages
regarding the newsgroup activity during the study
week messages were posted. Using these new vari-
ables, it is possible to use regression to see if the num-
ber of posters, and/or number of interactive threads,
relates to message complexity without the concern of
regression to the mean. This approach also allowed us
to account for factors such as major newsgroup topi-
cal classification (“Comp.,” “Misc.,” etc.) and message
crossposting.
Unfortunately, while the ranking and vari-

able matching enabled regression modeling, this
approach results in a loss of variance and predic-
tive/explanatory power. In other words, the ranking
approach with transformation enabled a regression
to be run, although this approach meant that the
model’s ability to explain variance was not particu-
larly high. This was considered acceptable. It could be
used to assess the notion that group activity related
to message complexity, although it does not provide
insight into the strength of any observed relationship
between newsgroup activity and message size.
Each of the five possible measures of message com-

plexity were used as the dependent variable in dif-
ferent regression models. Of the five measures, the
one most strongly predicted by group size was the
average number of message lines calculated by the
posters’ client newsreader (F = 14
836�24; df = 9,
1,499,124; p < 0�0000). The regression modeling sug-
gested that the newsgroup size (number of threaded
messages posted or number of threaded posters)
did predict message length (shorter messages being
posted to more active groups). The variables in the
final model with Rankit codification of number of
lines as the dependent variable were as follows.
• The number of messages posted to the news-

group in the week the message was posted—The
results show that as predicted the more active the
newsgroup, the smaller on average the messages
posted.
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• A dummy variable for each major Usenet news-
group categories (“Soc.,” “Comp.,” etc.) because the
categories to some extent predict the content and
length of the messages they contain.
• If the message was crossposted (sent simultane-

ously to multiple newsgroups) because these mes-
sages were longer on average. This can perhaps be
explained by the fact that such messages need to con-
tain enough content to be comprehensible to multiple
audiences.
• Messages’ position/depth in a discussion thread;

messages that were deeper in a discussion thread
had more lines on average, which is not surprising
because they needed to reference earlier aspects of
threaded discussions.

Hypothesis 2. At AvMaxCL, simple group CMC mes-
sages will be more likely to generate responses than complex
messages.

It is assumed here that a large proportion of Usenet
newsgroups on occasion operate at AvMaxCL and
that, therefore, we will be able to observe its impact
by large-scale observation of Usenet interactions.
There were 593,019 messages that could be considered
true unambiguous broadcasts or one-way messages
in our sample of Usenet messages. From this sam-
ple of one-way messages, 255,697 were found to have
initiated (seeded) discussion within their newsgroup
during the study period. Table 2 below compares the

Table 2 Means Table of Broadcast Message Complexity and Discourse
Seeding

Seeds/does not Std.
Variables seed discourse Number Mean deviation

Threaded message lines one-way 337,322 62�29 645�66
per week computed seeds thread 255,697 24�50 225�34
from message
header data

Threaded message lines one-way 337,322 53�53 154�55
per week computed seeds thread 255,697 22�53 51�01
from content

Nonindented threaded one-way 337,322 53�22 154�41
message lines seeds thread 255,697 22�34 50�75
per week

Threaded message one-way 337,322 318�57 958�13
words per week seeds thread 255,697 144�85 340�54

Words on nonindented one-way 337,322 316�69 956�97
threaded message seeds thread 255,697 143�60 338�46
lines per week

means for various message complexity measures and
average newsgroup crossposting between broadcast
messages that seeded and those did not seed further
discussion.
Table 2 shows that as predicted broadcast messages

that seed discourse are shorter than those that fail to
seed discourse (all differences being statistically sig-
nificant). They are also less likely to have been cross-
posted. Of course the analysis in Table 2 does not take
into account the possibility that these differences are
simply due to the fact that shorter messages are sent
to newsgroups where all messages are more likely to
be replied to (a pattern also predicted by the hypothe-
sized model). For example, the “Comp.” newsgroups,
which are about various computer issues, are very
active and contain shorter messages than recreational
(“Rec.”) discussion groups.
Logistic regression on the binary outcome “seeded/

did not seed” discussion thread was carried out to
assess this possibility. The logistic model that best
describes the dynamics of discourse seeding was able
to predict 63.56% of the cases with a Wald �2 of
56,635.936; df= 9, p < 0�0000. The variables in the final
model as predictors of new messages seeding a dis-
cussion thread were as follows.
• Number of message lines (all the measures of

message complexity such as number of words were
examined separately to avoid multicolinearity, and
they were all similar); As predicted, this was found
to negatively correlate with seeding discourse (more
lines are less likely to seed).
• Overall activity of the newsgroup (measured by

the number of messages posted per week); new mes-
sages posted to more active newsgroups were more
likely start a discussion thread. This in part conforms
to Palme’s (1995) communication response function.
• If newsgroup was moderated; when newsgroups

were moderated, new messages were less likely to
seed a discussion thread than in the unmoderated sit-
uation where fewer constraints to inter-user interac-
tivity exists.
• Crossposting—If it was crossposted, it was less

likely to receive a reply in an individual newsgroup;
this is not surprising because a crossposted message
is not directed to any particular newsgroup.
• Dummy variables for each of the major news-

group categories being examined (“Soc.,” “Comp.,”
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etc.) because the categories to some extent predict
interactivity of newsgroup discussions.
The findings of the logistic regression modeling argue
strongly for the conclusion that smaller messages are
more likely to generate ongoing discourse.

Hypothesis 3. At AvMaxCL, as group CMC complex-
ity increases, there will be an increased tendency for indi-
viduals to end or reduce active participation.

It is assumed here that a large proportion of Usenet
newsgroups operate at AvMaxCL and that, therefore,
we will be able to observe its impact by large-scale
observation of Usenet interactions. As discussed in
the methods section, we define proportional poster
stability as the percent of posters in a month that also
posted in the previous study month. This allowed for
the examination of user stability over a five-month
period.
Figure 4 displays the number of messages posted

to the 578 newsgroups that were active during the
first 5 months of the study. Only 11.5% of posters
sent messages 2 months in a row. Because of the con-
straints imposed by the proportionality of the stability
measure (0 to 100) it seems reasonable in this case
to also plot on Figure 4 a regression line to high-
light the reduction in stability as newsgroup activity
increases. The drop in the proportion of individu-
als involved in sustained discourse is quite strong,
with a Spearman’s rank correlation coefficient of
−0�43 �p < 0�000�n= 565�.

Figure 4 Proportional Newsgroup Poster Stability

Postings to 578 active newsgroups over 5 months
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To remove the outliers seen on the plot, which
appear to result from the small user populations of
some of these groups, rank correlations were also con-
ducted using the top third of the sample (those news-
groups months with more than 2,957 messages posted
to them, accounting for 1,943,343 of the studies mes-
sages). Using this smaller sample the Spearman’s rank
correlation coefficient was −0�47 �p < 0�000�n= 192�,
highlighting the strength of this finding.
Regression modeling was conducted with news-

group stability as the dependent variable. The follow-
ing variables were included in the final models.
• Number of posters; as predicted, the more active

newsgroups were more unstable.
• Newsgroup moderation; moderated newsgroups

were more stable, but this is not surprising because
they were smaller and probably have a more dedi-
cated core of users.
• Crossposting; newsgroups with crossposted mes-

sages had less stable membership. This again sug-
gests, like moderation, that focused discussion results
in more stable newsgroup membership and activities.
• Dummy variables for each of the major news-

group categories being examined (“Soc.,” “Comp.,”
etc.) because the categories to some extent predict
interactivity of newsgroup discussions.
If outliers are included in regression modeling and

the moderate skew of the proportional stability mea-
sure is ignored so that the full sample can be modeled,
then the number of posters is found to be the best pre-
dictor of newsgroup stability (R2 = 0�24; F = 22�1; df=
8
556; p < 0�000). Full sample regression modeling in
this situation is not ideal because the outliers result
in a nonnormal distribution of regression residuals.
It was therefore decided to run a regression on the
top third of the sample because this removes the out-
liers that probably result from small group size, and
results in a normal distribution of regression residu-
als. The outcome for this final model was similar to
that, although the discriminatory power of the regres-
sion was greatly improved (R2 = 0�44; F = 17�7; df=
8
183; p < 0�000), with group size being the best pre-
dictor of proportional poster stability.

6. Discussion and Conclusions
A large proportion of scholarly examination of the
public online behavior of Internet users has been in
terms of virtual community, using social theory and



Jones, Ravid, and Rafaeli: Information Overload and the Message Dynamics of Online Interaction Spaces
206 Information Systems Research 15(2), pp. 194–210, © 2004 INFORMS

generally adopting ethnography-like or social net-
work approaches. These approaches underplay the
relationship between online interaction spaces and the
user behavior they host. Information system research
needs to examine the nature of the relationship
between the virtual spaces typically used for public
online behavior, their technological platforms, and the
behaviors such systems contain.
A theoretical framework and methodology for

researching online interpersonal interaction spaces
and the technologies that support them has been
proposed. The theory indicates a dynamic interplay
between volume and complexity of information that
is conducted in online groups and the participation
and responses of users in these spaces. The method-
ology used to test this theory utilizes large-scale field
studies into user behavior in online spaces to identify
technology-associated constraints to sustainable pat-
terns of virtual public interaction dynamics. Empirical
research was undertaken to assess the validity of both
the theoretical framework and methodology.
Overall, the empirical findings support the asser-

tion that individual information-overload coping
strategies have an observable impact on mass interac-
tion discourse dynamics. Evidence was found for the
three hypotheses examined in this regard: (1) users
are more likely to respond to simpler messages in
overloaded mass interaction; (2) users are more likely
to end active participation as the overloading of mass
interaction increases; and (3) users are more likely to
generate simpler responses as the overloading of mass
interaction increases.
While we do not believe that our findings rule out

various other possible explanations, they do highlight
the utility of the method and theory. The full research
program (Lakatos 1978) as outlined by Jones (2002)
makes novel predictions that can be examined empir-
ically. This is demonstrated by this paper and by Liu
(1999) and Ekeblad (1999). Further, the methodology
outlined can be used for comparing various virtual
public technologies (see Jones 2003 for a compari-
son between Usenet newsgroups and e-mail lists). So,
while we call for further validation of the explana-
tory model, the significance of the results and method
stand in their own right.
The emergence of mass interaction has presented

new opportunities to learn about system effects on

mediated group discourse. Empirical research into
the systemic nature of the patterning of social rela-
tionships in cyberspace has, despite its importance,
been relatively rare. Prior research based on a sys-
tems approach did examine Internet group communi-
cation, such as critical mass limitations (Markus 1987,
Rafaeli and LaRose 1993), the modeling of free rid-
ing using the Napster-like Gnutella network (Adar
and Huberman 2000), disintermediation (Rafaeli and
Ravid 2003), modeling the interrelationship between
homepages (Adamic and Adar 2000), exploring the
self-organizing nature of e-mail lists (Ekeblad 1999),
and analyses of the structure of the World Wide Web
and Internet flows (Adamic 1999, Barnett et al. 2001,
Park et al. 2002). The work described here is one of
the first attempts to empirically explore the impact of
systems effects in Usenet discourse.
We have argued in this paper that the recogni-

tion of the systemic nature of virtual public discourse
allows for the examination of CMC technologies in
terms of group-level usability. Currently, it is widely
accepted that “reliable measures of overall usabil-
ity can only be obtained by assessing the effective-
ness, efficiency and satisfaction with which represen-
tative users carry out representative tasks in repre-
sentative environments” (Bevan and Macleod 1994,
p. 132). The current, dominant view supports a focus
on individual level analysis, usability laboratories,
and ethnographic methods for context. Without dis-
counting the value of these approaches, the methodol-
ogy presented in this paper represents an alternative,
unobtrusive aggregate approach.
We see this research progressing along several

trajectories. First, we expect to see more work on
large-scale comparative analysis of virtual public dis-
course dynamics for a variety of technologies (List-
serv, IRC, Web-based bulletin board systems, etc.).
Second, there is potential for a thorough empiri-
cal examination of the impact of the various ways
individuals can respond to overloaded virtual pub-
lic discourse. Third, further research into alternative
explanations for the underlying causes of consistent
patterns of virtual public mass interaction would be
welcome. Fourth, research could progress through
various methodological and theoretical refinements
that would result from an examination of related
issues such as time scaling and longitudinal impacts
(Schoberth et al. 2003). Finally, through the utilization
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of the knowledge gained into group-level usability, it
should be possible to design better CMC tools.
The combination of theory and methodology out-

lined here and the associated empirical research con-
tribute to the understanding of the dynamics of online
group interaction. The theory made verifiable predic-
tions as to the nature of online behavior; specifically,
that the impact of individual cognitive processing lim-
its can be observed in the mass interaction dynam-
ics of virtual publics. Overall our theoretical model,
methodology, and empirical results suggest a new
way of exploring how CMC technologies affect the
discourse they host.

Appendix. Identifying Replies and Parent
Messages

Identifying Replies
A range of tools and techniques can be used to identify mes-
sages as replies, including data mining and machine learn-
ing. Here we constructed an algorithm utilizing the degree
to which reply indicators in the subject line, the message
body, and the message headers each correctly identified a
message as a reply. We deemed the algorithm used ade-
quate for the task at hand because it was above our 90%
benchmark for sensitivity and specificity.

Subject Line Indicators: The number of standard reply
indicators (“reply,” “(re),” or “re:”) that appeared in each
message’s subject line were counted. Of the 2,652,552
Usenet messages examined, 2,042,290 messages (77%), con-
tained “re:” or “(re)”. Only 2,238 messages subject lines con-
tained the word reply. Out of 2,042,290 messages with any
of these reply indicators in the subject line, 100 messages
were chosen at random for examination by two reviewers to
determine if they were replies. These reviewers were simply
asked to categorize each of these messages as either replies
or new messages. Both reviewers concluded that 100% of
these messages were replies. There were only a small per-
centage of messages with indications that they were for-
warded. There were 1,059 subject lines that contained “FW,”
1,854 that contained “FWB,” 1,370 that contained “FWD,”
and 4,240 that contained the original message. These 8,523
messages represented 0.3% of the messages. There were 100
messages with forwarding indicators that were chosen at
random for examination by two reviewers to determine if
they were also reply messages. Both reviewers concluded
that 67% of the forward messages were clearly replies,
and for 3% the status was unclear (inter-rater reliability
�= 1).

Message Body Indicators: Messages often refer to early
messages by containing a line with the format similar to:
“Name �e-mail address of earlier poster� wrote:”. There-
fore the number of times that messages contained text with

the text strings “wrote:”, “write:”, “wrote;”, or “write;” was
counted. In total 1,201,541 messages (45%) contained such
strings. There were 100 messages with message body text,
indicating they were replies chosen at random for exam-
ination by two reviewers. Both reviewers concluded that
99 of these 100 messages were replies (again with inter-
rater reliability �= 1). The most common indenting used in
Usenet messages to signify text quoted from an earlier mes-
sage is “>”. Multiple indenting indicates that it is a quote
from a message that was itself a quote, so depth of inden-
tation is an indication of thread depth. For each message,
the number of lines that began with indenting “>” were
examined. The number of these lines that were followed by
one to four further indentation marks was also examined
(number of lines that started with “≫” or “≫”). We found
that 1,514,297 (57%) of messages had more than two lines
with “>” indentation. A message that contained more than
two lines of indenting was considered a reply because an
examination of many messages with one or two lines of
indentation showed a large percentage to be unrelated to
quoting an early message. There were 100 messages with an
indenting measure that suggested they were replies chosen
at random, and they were then examined by two review-
ers. The reviewers concluded that 99 of these 100 messages
were replies (inter-rater reliability �= 1).

Message Header Indicators: Usenet headers have a field
called “references:” or more rarely “in reply to:” where the
“message-ID’s” of the messages to which they are “replies”
are stored. A total of 1,749,532 messages (66% of study sam-
ple) contained references to other messages. Eighty three
percent of the message-ID’s contained in these header fields
referred to messages posted to the same discussion group
within the study period. The average time between mes-
sage pairs linked together by reference headers was 1 day;
90% of message-pairs were separated by less than 2.5 and
99% of responses occurred with the first two weeks. There
were 30,243 messages containing an “in reply to:” field
with message-ID’s (1% of the messages sampled). Out of
1,749,532 messages with references, 100 messages were cho-
sen at random for examination by two reviewers to deter-
mine if they were replies. Both reviewers concluded that
100% of these messages were replies (inter-rater reliability
�= 1).

Reply Message Identification Algorithm: The algorithm
used to identify reply messages took into account all the
reply indicators discussed above, which were all highly cor-
related (84% of messages with “re:” or “(re)” in the subject
line also have message references). Our plan was to itera-
tively improve our initial algorithm until it either reached
an acceptable level of sensitivity and specificity, or it was
concluded that an alternative approach was needed. For
our initial analysis the algorithm we used was computed
as follows: If the subject line contained “re:” or “reply:”, it
was considered a reply because this represented the largest
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group of messages and was found to be strongly indicative
of a message being a reply. If a reply string was not found
in the subject, then messages were required to have a score
of 0.8 or higher to be considered as a reply. More than two
lines with indenting result in a weighting of 0.6. “In reply
to:” was given a weight of 0.5. Having message content that
indicated that it was forwarded was given a weight of 0.4.
Finally, a message reference was given a weight of 0.3. This
formula takes into account the large percentage of messages
with subject lines indicating that they are replies, and the
fact that the vast majority of messages with referencing also
have reply strings in the subject. The exact weights were
chosen heuristically. In the end 2,061,179 messages (78% of
the study sample) were coded as replies.
Initially, 100 messages coded as replies were chosen at

random for examination by two reviewers to determine
if they were indeed replies. These reviewers were simply
asked to categorize each of these messages as either replies
or new messages. Both reviewers concluded that 100% of
these messages were replies.
A second sample of 500 messages coded as replies

were chosen at random for examination by two additional
reviewers, and again they found that 100% of these mes-
sages were replies. There were 100 messages that were
coded as not being replies and were chosen at random
for examination by two reviews to determine if they were
indeed not replies. Four of these messages were falsely
coded. For three of the messages the status was unclear
because even after reading the messages in context, it was
not possible to tell whether they were replies. Again, a sec-
ond sample of 500 messages coded as nonreplies were cho-
sen at random for examination by two additional reviewers.
They both found 19 of the messages to be incorrectly coded;
1 was unable to code 14 and the other 15 of the messages.
Using these results from the human reviewers, it was con-
cluded that the measure has a specificity of 96% (the proba-
bility of a negative result for a true negative). The weighted
measure’s specificity was higher than it would be had we
used an unweighted approach, so it was deemed adequate
for the task.
Using Bayes’ Theorem �0�999 ∗ 0�7888�/��0�999 ∗ 0�788�+

�0�04 ∗ 0�2112��, it can be concluded from the above that the
chances of a reply being correctly labeled was 99%. This is
based on the assumption that if a larger sample of messages
was used, the true positives would have dropped below
100% to around 99%. This number is fairly robust because
the large majority of messages are replies.

Identifying Parent Messages
Message header referencing is not a realiable means of
indentifying and reconstructing discussion threads (Lewis
and Knowles 1997). Further, 16% of messages coded as
replies did not have references, which means that threading
could not be reconstructed by solely relying on the refer-
ences contained in the message headers. To identify par-
ent messages we proceeded as follows: First, for each reply

message with a “reference:” header, a search was made of
the postings to its newsgroup during the study period to
determine if a message-ID referenced as the parent message
was posted to the same newsgroup during the study period.
If a match was found, then the parent-child message rela-
tionship was noted. Second, if the parent was not found,
then a similar step was taken for the “in reply to:” field, and
again the parent-child message relationships found were
noted. Third, various searches were made to match the
subject line after reply indicators such as “re:” had been
removed. These subject string searches first checked back-
ward sequentially for 14 days and then forward half a
day. Further, around 25% of reference-based replies were to
replies that, according to the client newsreader used, were
actually posted after the message replies when these times
were adjusted to GMT (most of the incoherent time rela-
tionships were a matter of minutes, which can be explained
by inaccurate clocks on client computers). The parent-child
message relationships that were found using the subject
line “re:” were noted. Finally, the Oracle SQL extension
“connect by” command was used to construct the discus-
sion threads for all the newsgroups from the parent-child
(message-reply) pairs. This Oracle command is used to con-
struct and select data based on hierarchical relationships (it
builds tree relationships). Using this command, it is possi-
ble to reconstruct the discussion threads using the identi-
fied pairs of relationships and to ensure that, for example,
a child is not also its parent’s parent.
Of the 2,061,179 reply messages in the study sample,

it was possible (using the above technique) to identify a
parent message from the same newsgroup study sample
for 1,502,991 messages (73% of reply messages). Interest-
ingly, for those messages with references, it was possible
to identify their parent message in 83% of the cases. Of
the 1,502,991 message-reply pairs contained in the database,
100 were extracted at random. Two reviewers then exam-
ined each pair to see if the parent message did indeed
look like a parent message. Of these messages, 100% were
considered correctly paired by the human raters. This pro-
cess was repeated by 2 additional reviewers with an addi-
tional 100 message-reply pairs with the same outcome. So
the specificity of parent message identification appears to
be over 99%. When the Oracle SQL extension “connect by”
command was used to construct the discussion threads for
all the newsgroups from the 1,502,991 message-reply pairs,
3,857 messages (0.26%) were found to be in conflict with
other message pairs.
Four reviewers examined all the messages to one news-

group chosen at random to assess the adequacy of the
parent search algorithm. The newsgroup selected received
1,367 postings during the study period; of these there were
170 reply messages for which no parent messages were
found. Using this time-consuming manual search process,
our human reviewers were able to manually find a par-
ent message for approximately 39% (67 out of 170) of the
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orphaned messages. This was achieved by reviewers man-
ually searching for each orphaned message’s parent (inter-
rater reliability �= 0�9878—The only situation in this study
in which the outcome was not an initial 100% agreement
between raters). At the end they compared their findings
with other reviewers to come to a consensus about the 2–3
messages for which there was an inconsistency.
These findings suggest that the true percentage of replies

with parent messages in the sample is around 83%, and that
approximately 13% of the parent messages were not identi-
fied. In other words, approximately 87% of parent messages
were identified. If we consider the probability of falsely
having a positive test result as equivalent to stating that a
parent message does not exist when it actually does (0.4),
then the specificity of the algorithm is 92.4%. We recognized
that the true percentage may vary because only one news-
group was examined using labor-intensive manual verifica-
tion. However, as the aim was simply to demonstrate that
threads were identified adequately for hypothesis testing,
we were satisfied with this level of data preparation, consid-
ering our finding of over 99% sensitivity in parent message
identification.
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