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Abstract. Network delays are a fact of life when using real-time groupware over a wide 
area network such as the Internet. This paper looks at how network delays affect closely-
coupled group work in real-time distributed groupware. We first determine the types and 
amounts of delay that can happen on the Internet, and then identify typesof collaborative 
interactions that are affected by delay. We then examine two interaction types more 
closely: predicting others' movements, and coordinating shared access to artifacts. We 
earned out experiments to measure the effects of two kinds of delay (latency and jitter). 
When these interactions are isolated and repeated, we found that even small delays can 
lead to significant increases in completion time and errors. Although people in real-world 
tasks are often able to adapt their actions to accommodate network delays, we conclude 
that designing groupware to minimise the effects of delay can improve usability for 
closely-coupled collaboration. 

Introduction 

The goal of real-time distributed groupware is to allow people in different places 
to work together, as naturally and simply as they do in face-to-face settings (e.g. 
Stefik et al 1987, Tatar et al 1991). Consequently, much attention has been paid to 
the design, implementation, and evaluation of multi-user software, and 
considerable gains have been made in improving groupware usability (e.g. 
Beaudoin-Lafon and Karsenty 1992, Gaver 1991, Gutwin and Greenberg 1998). 
However, there is one aspect of groupware that that has not received much 
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consideration from CSCW, but one that can cause usability problems: the 
underlying network. 

Distributed operation introduces communication delays between the computers 
running a groupware application, and in wide area networks, these delays can be 
substantial and unpredictable. Most people who have used groupware over the 
Internet have experienced delays of one kind or another, particularly in the real­
time display of other people's movements and actions. For example, many shared 
workspace systems provide each person with a telepointer; under delay 
conditions, a person's telepointer may seem to get stuck as it moves across the 
screen, or may be out of synchrony with accompanying speech. Delays are 
especially noticeable when people work in a closely-coupled fashion and need 
continuous and up-to-date feedback about another person's activities (Salvador et 
al 1996). 

The goal of this research is to investigate the effects of network delays on the 
usability of groupware systems. We are primarily concerned with groupware that 
involves visual artifacts in a shared workspace, and with tasks that involve close 
coupling amongst the group. 

In this paper, we look at three questions: what kinds of delay happen in 
groupware systems, what magnitude of delay occurs on a real-world wide area 
network such as the Internet, and how different types and magnitudes of delay 
affect groupware usability. The main part of the paper reports on a study of how 
delay affects specific kinds of closely-coupled interactions. The results of these 
investigations will assist developers in designing and building groupware that is 
appropriate for the network environment in which it must operate. 

Types of delay: latency and jitter 

Groupware applications communicate information by sending messages to one 
another. For discrete information, such as commands and model updates, the order 
of the messages is important, but timing of a message is independent of other 
messages. For continuous real-time information, however, messages must be 
considered as part of a temporal stream. Telepointer positions and other 
information about people's movements and activities are examples of this type of 
data stream. Continuous streams have temporal dependencies, in that the timing 
and pacing of the stream has an effect on how the stream is interpreted. Streams 
are therefore sensitive to two kinds of delay that can be caused by network 
communication: latency and jitter (e.g. Fluckiger 1995, Kum and Dewan 2000). 
These are described below and illustrated in Figure 1. 

Latency is the lag between the sending and the receiving of a message (see 
Figure lb). Since messages cannot be delivered instantly, latency will always 
exist to some degree. Even in a face-to-face conversation, there is a (usually 
unnoticeable) communication latency due to the speed of sound. In network 
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communication, substantially larger latencies exist, caused by the transmission 
time of the network medium, slowdowns due to traffic, the overhead of routing 
messages, and by the processing time required to unpack and process messages. 

Sender Receiver 
— * • 

(a) (b) (c) 

Figure 1. Time-series of messages from a sender to a receiver, with 
(a) no latency or jitter, (b) latency but no jitter, (c) jitter but no latency 

From the groupware user's perspective, latency means that a data stream (such 
as another person's telepointer motion) is late compared to when it was produced. 
The motion of the telepointer will look normal in other respects, however; if the 
user has no indicator of when the motion started, then the latency will be difficult 
to detect. Problems begin to occur with latency in two situations. The first 
happens when two streams (such as voice and telepointer motion) are supposed to 
be synchronised, but are transmitted with different latencies. The second happens 
when interaction involves taking turns. Previous research suggests that turn-taking 
audio interaction such as telephone conversations become difficult to coordinate 
when latency is greater than about 300ms (e.g. Scholl 2000). 

Jitter, in contrast, affects the pacing of the stream rather than its lateness. Jitter 
is variance in transmission time, and measures whether the amount of time 
between two messages at the receiving end is the same as the time between them 
when they were sent (see Figure lc). For example, if messages are sent at 10ms 
intervals, but the receiving interval varies from 10ms, then there is jitter in the 
transmission. Jitter does not exist in face-to-face communication, because all the 
data in an utterance or a movement travel at exactly the same speed. In networked 
groupware, however, each message in a stream is encoded as an independent 
packet; two consecutive messages may be sent to the destination on different 
routes, or may encounter different overheads and traffic conditions along the way. 
Furthermore, a message may be lost altogether, and if the transmission protocol 


