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Abstract

Objective: This paper presents a framework for the design of interactions between human and computational agents
working in organisations, mediation by technological systems. Design: The design of interactions within an
organisation is viewed from the point of view, not of the technology mediating the new interaction, but of the human
and computational agents who interact with each other. Results: Understanding the limits to individual agent resources
permits an analysis of the impact that a new interaction will have in a given setting. When we look beyond simple
interaction settings, we can use the notion of interaction equilibria to predict the impact of new information and
communication technologies within an organisation. Economic supply and demand curves, for example, may allow us
to make both qualitative and quantitative predictions about technological adoption of communication systems.
Conclusion: Rather than focusing solely on characteristics of individual technologies, or psychological and social issues,
these can be combined to explain the overall decisions that individuals make when using technologies. Without
necessarily understanding all the local decision criteria used by any individual, we can make robust predictions about
how a group as a whole will interact.
© 2002 Published by Elsevier Science Ireland Ltd.
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1. Introduction people and communication, such as
psychology, communications, graphic
design, and linguistics, as well as in the
disciplines that support computing and
communications technology. ... Success-
ful interaction design requires a shift

importance Of dgmgmng Spaces for hg- from seeing the machinery to seeing the
man communication and interaction will lives of the people using it”. Winograd

lead to expansion in those aspects of (1997) 1]
computing that are focused on people,
rather than machinery. ... The work will
be rooted in disciplines that focus on

“In the next 50 years, the increasing

Traditionally information systems are de-
signed around an idealised model of the task
I that needs to be accomplished, and failure in
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blaming human social and cultural ‘barriers’
to technology adoption. In this world, the
newly engineered system is always impeded by
the barrier of human frailty. The design of the
computational machinery is the scientific high
ground, and understanding the mess of im-
plementation in the real world is left to ‘soft’
social science and happenstance.

But people are part of the system. The web
of interactions needed to make anything work
in a complex organisation always involves
humans solving problems with limited re-
sources and working around imperfect pro-
cesses. Designing the technological tools that
humans will use, independent of the way that
the tools will impact the organisation, only
optimises local task-specific solutions, and
ignores global realities. The biggest informa-
tion repository in most organisation sits
within the heads of those who work there,
and the largest communication network is the
web of conversations that binds them. To-
gether, people, tools, and conversations—that
is the ‘system’. Consequently, the design of
information and communication systems
must also include the people who will use
them. We must, therefore, design interactions
that reflect the machinery of human thought
and communication, sometimes mediated by
communication channels, sometimes in part-
nership with computational agents.

Interaction design is a newly coined disci-
pline, and it focuses on constructing the ways
people interact with objects and systems, and
the product of interaction design is almost
entirely the quality of the user’s experience [2].
In this world, the effectiveness of a piece of
software is not an internal attribute of the
software, but emerges from the way the soft-
ware is interpreted by users, and that inter-
pretation is dependent upon the user’s specific
context, culture, knowledge and resources.

It has been stated that at the level of an
individual user, interaction design will always

be an ambiguous or subjective process for the
designer [2]. In this paper I will argue that,
from an organisational or large population
perspective, the process of interaction design
can be a much more principled one. Based
upon models of the way populations of agents
interact with each other, mediated by technol-
ogy, but bounded by scarce cognitive and
physical resources, we are able to model the
effect of introducing new technologies, or
indeed design technologies in the anticipation
of their effect on populations of users.

This paper is the third in a series, which
sketch out a general theory of mediated agent
interaction. In the first paper, the commu-
nication space was introduced as the major
component of the overall interaction space for
humans working in complex organisations,
and the gap between the current focus on
interactions outside of the communication
space and the overall interaction needs of
humans was highlighted. A framework for
mediated interaction theory was also devel-
oped, based upon the notion of bounded
mutual knowledge, or common ground, that
is shared between communicating agents [3].
This was developed to help us decide whether
an interaction was best served by communica-
tion or information technology. In the second
paper, an examination of the costs of the
grounding process lead to the view that
grounding is a kind of cost minimisation
process, based upon maximisation of agent
utility, and resulted in cost-minimising equili-
bria developing between agents [4]. This is
important because it suggests that, although
there may be a wide variation in the nature of
individual interactions, we can over time
predict the characteristics of interactions at a
population level, and design systems to effec-
tively support the majority of interaction at
the organisational level. In this third paper I
will turn to the task of designing systems to
support interactions, whether in the commu-
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nication space or not. Specifically, I will look
at how, through a formal theory of inter-
action design, we can design and implement
technological systems to support individual
interactions by modelling the wider inter-
action space within which individuals
operate.

2. Designing the interaction space

“In creating tools we are designing new
conversations and connections”. Wino-
grad and Flores (1986).

Typically information system design occurs
with a single task assumption that the user is
going to be wholly focussed on interacting
with the system that is being designed. Such
‘in vitro’ laboratory assumptions do not
translate ‘in vivo’ when individuals use sys-
tems in working environments. Since indivi-
dual agents in an organisation are working in
a complex environment, they may at any one
time be carrying out a variety of tasks and
interacting with other agents to help execute
those tasks. With the exception of environ-
ments where there is rigorous workflow con-
trol, this means that we cannot predict what
interactions will actually be occurring at the
same time as any interaction we specifically
design.

While we cannot predict every specific
interaction that will occur in the real work
environment, the design process can model
the typical interaction space within which any
new system will be introduced. The interac-
tion space can be modelled to include the most
important interactions that will be concurrent
with the new designed interaction. Within the
overall interaction space, the communication
space forms a subset containing interactions

that are informal person-to-person exchanges.
We can also conceive of an information space,
which by corollary contains those formally
structured interactions that typically rely on
information models and computational sys-
tems. I have argued elsewhere that the notions
of the communication space and information
space are probably driven by a dichotomy in
communication and information technologies,
and that at a more abstract level, they actually
are not separate spaces but form different
ends of a continuum of explicit task modelling
[3].

To construct the interaction space, we start
with a general description of an interaction
between two agents, which may either be
human, or computational. An agent typically
has a number of tasks that need to be carried
out, and a pool of resources available to
accomplish those tasks. An interaction occurs
between two agents when one agent creates
and then communicates a message to another,
to accomplish a particular task. A mediated
interaction occurs when a communication
channel intermediates between agents by
bearing the messages between them. For
example, e-mail can be used to mediate an
interaction between two individuals, just as
can an electronic medical record, which is as
much a service to communicate messages
between clinical staff, as it is an archival
information repository.

The first step in modelling the interaction
space surrounding a new interaction we wish
to design is to note which other agents will be
local to the new interaction, and then to
examine the likely effects any existing interac-
tions might have on the new interaction. By
doing so we enhance the chance that new
interactions will succeed when they are even-
tually introduced into the interaction space. In
general terms the impact of one interaction on
another may be to:
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o Compete with another interaction as a direct

substitute. For example, a user could use an
on-line database to seek information, or
instead, use the telephone to call a collea-
gue to ask for the same information. The
human-human interaction mediated by the
telephone competes with the database to
meet the user’s information needs.
Compete with another interaction for the
resources of an agent. An agent has limited
resources and if they are expended on one
interaction they may not be available to
another. For example, an information sys-
tem may be well received in ‘in vitro’
laboratory tests, but when placed in a
work environment we may find the users
have insufficient time to use the system,
because of competing tasks. The new sys-
tem is then ‘rejected’ not because it does not
do what was intended, but because the
impact of the real-world interaction space
on its intended users was not modelled.
Concurrent interactions can also subvert
the execution of a designed interaction. For
example, a user may be interrupted in the
workplace and take up a new task, and not
log off the information system they were
using, causing a potential breach of secur-
ity.

Create new information transfer pathways,
through a combination of interactions. Each
interaction connects agents, and each new
interaction enables novel conversations be-
tween agents. If these combinations are not
factored into system design, then the intro-
duction of a system may produce unex-
pected results. For example, consider the
interaction between a human agent and an
electronic record system or EMR. Compu-
tational agents that might co-exist with the
EMR could include other applications like
e-mail or a word-processor. If the design
process fails to include these additional
computational agents, then unintended in-

teractions made possible via these other
agents may subvert the original EMR de-
sign. For example, it may be possible for a
user to copy a section of text from the
medical record to a word-processor, where
it can be edited, and then re-inserted into
the EMR. However, since this interaction
with the word-processor is not part of the
original design scope, it may introduce
problems. A user could inadvertently paste
the text into the record of a different
patient, and no formal mechanism would
be in place to prevent this context-switch
error. Similarly, text might be copied from
an EMR that has been designed with
powerful security features to prevent un-
authorised access, and then copied into an
e-mail message, which is insecure. In both
cases, the co-existence of an unmodelled
additional computational agents introduce
interactions beyond the scope of the origi-
nal system design, and permit behaviours
which would be prohibited within the
designed interaction, but which are per-
mitted in the interaction space.

Support the new interaction by providing
resources that are critical to its execution.
The designer of a medical record system
usually focuses on sculpting the interaction
between a single clinical user and the
record. However, other human agents also
populate the EMR interaction space. The
EMR user is often not the sole author of
the content that is captured in the record,
but is recording the result of a set of
discussions with other clinical colleagues.
If the goal of designing an EMR is to
ensure the highest quality data is entered
into the information system, then it may be
even more important to support the colla-
borative discussion between clinicians, than
it is to engineer the act of record transcrip-
tion into the system. Failing to model the
wider EMR interaction space means we
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may over-engineer some interactions with
diminishing returns, when we could be
supporting other interactions that may
deliver substantial additional benefit to
our original design goals.

3. Interaction dynamics and the competition
for agent resources

Since it is not possible to predict every
specific interaction within the space in which a
designed system will operate, it may appear
that there is little that can be done to account
for all possible concurrent interactions. How-
ever, we can be quite specific about the typical
impact that concurrent interactions will be
have on agents. As discussed above, one of the
ways interactions impact each other is to
compete for the resources of individual
agents. Based upon cognitive psychological
models, we should be able to say something
about the cognitive resources available to
human agents, the cognitive loads they will
typically be under in a given interaction space,
and the types of errors that may arise because
of these loads. Consequently it should be
possible to craft information or communica-
tion systems that are tolerant of the typical
interaction load of users will be under.

We begin by noting that accomplishing a
task normally consumes resources, and this
also holds during an interaction. An agent has
internal resources, which in the case of a
human are cognitive resources like memory
capacity and knowledge. These resources are
limited, and in some cases will deplete with
use. One consequence of operating with finite
resources is that agents will need to minimise
costs on resources and maximise the benefits
of any action they contemplate.

An interaction between agents is thus
dependent upon:

e The task at hand, which has a resource cost
and an implied benefit upon completion,
and which must be evaluated against other
tasks the agent might have to determine
whether it is worth doing.

e The internal resources available to the
agent to attempt tasks, which include finite
computational or cognitive resources.

e The external resources available to the
agent within their interaction space, which
includes communication channels and
other agents. Such resources each have a
cost, a benefit, and limitations on their
capacity.

e The impact of concurrent interactions.

The cognitive resources of a human agent
include prior knowledge, which is stored in
long-term memory (LTM), and attentional
resources, which include working memory
(WM). The cognitive capacity of individuals
to successfully carry out a task are limited by
the resources of attention, which can store and
process only a limited amount of data at any
one time [6]. As attentional resources are
loaded with new tasks, the capacity to enact
further tasks is diminished, and current task
execution may be compromised [7].

As a consequence, the design of any single
interaction needs to take account of an agent’s
inherent capacity to carry out the task. How-
ever, in complex organisations, where we wish
to introduce information and communication
systems to support work, the design task is
more complex. Specifically, each new tool
introduces a new dialogue, a new interaction
[5].

We thus create a setting in which there are
multiple possible interactions that could po-
tentially occur at any one time, driven by the
task at hand for individual agents. As a
consequence, the agents involved in carrying
out tasks both need to initiate interactions as
well as receive interruptions requesting inter-
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actions. The actual sequence of which inter-
actions occur will be dictated by the circum-
stances local to each agent at that time, and
multiple interactions may be maintained over
time (Figs. 1 and 2).

This multitasking setting has a number of
consequences. Since a human agent’s cogni-
tive resources are limited, the amount of
attentional resources available to any single
interaction will be reduced on average with
each new interaction we introduce. It should
thus come as no surprise that introducing a
computer onto a Doctor’s desk will result in
less attention being devoted to the patient. In
one study, the presence of a computer during
doctor—patient consultations had detectable
effects on the focus of the doctor’s attention
[8]. While they were at the computer, doctors
confined themselves to short responses to

Intended interaction
between humen and

computer agents

Pre-exigting interactions
may compete with a
designed interaction, either
for agent resources or as
substitutes to the designed
interaction

Pre-existing interactions
may enable unintended
interaction combinations

Fig. 1. When a new interaction is designed it does not exist in
isolation but is placed within a pre-existing interaction space.
Other interactions that exist in the interaction space impact the
new interaction in a variety of ways, and if they are ignored in
the design process may have unexpected consequences when the
new interaction is implemented.

patient questions, delayed responding, or
glanced at the screen in preference to the
patient. The response delays probably were an
effect of the costs involved in switching
between interactions. We know that switching
between tasks requires a suspension of the
processing of the current task, and alterations
to memory. Consequently, interruptions have
the potential to disrupt memory processes,
and lead to tasks being mis-executed, forgot-
ten or repeated [7].

Interruptions, which are requests for a
human agent to stop their current task and
commence a new interaction, are common in
clinical work places. In studies of hospital-
based clinicians, interruption rates can on
average be as high as 30% of the total time
devoted to communication [9]. Consequently,
the introduction of any new interaction into
such organisations needs to recognise the
existing interaction patterns of agents, and
design the new interaction in such a way that
it neither has a substantial deleterious effect
on the existing interactions, as well as ensur-
ing that the new interaction will have suffi-
cient attention from agents to ensure that it
will be well executed.

When one task dominates attention, then
other concurrent interactions may fail to get
the attention they need. For example, studies
have shown that when a doctor is interacting
with a desk-based computer, they may not
hear what is being said to them by the patient
sitting opposite the desk [10]. Sometimes, a
single interaction so consumes a human’s
attention, that all other interactions are un-
able to get their attention. In a study of the
task-execution behaviour of anaesthetists, the
study subjects were found to completely miss
significant events displayed on the screen of
their monitoring devices. It was hypothesised
that this was caused by the anaesthetist’s
attention being swamped by other tasks [11].
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Fig. 2. Interaction history for agent Ay with two other agents A; and A,. The two interactions I, and I, compete for A¢’s attention, and
Ay switches between them over time. Each switch is not instantaneous but requires a refocusing of attention and carries its own
cognitive switching costs. Agent A; makes two interrupting requests to Ay during this period. The first request r; succeeds in getting
Ar’s attention and causes a switch to interaction I;. The second request is not successful, because A(’s attention is fully loaded by the

current interaction I, and the request is missed.

3.1. Requisite attentional resources

This leads directly on to the issue of how
one crafts an individual interaction to ensure
it minimise the load it imposes on the atten-
tional resources of agents, as well as maximis-
ing the likelihood that it will be well executed.
This reduces down to the following questions:

e Which agent resources will be required to
accomplish the new interaction?

e Given the existing work environment, what
is the base-line cognitive load going to be
on the agents who will be expected to
participate in a new interaction? As a result,
what agent resources are actually going to
be available for the new interaction, given
other likely concurrent interactions?

e When resources are scarce then either the
new interaction or existing interactions will
suffer. Consequently, given multiple possi-
ble interactions available to an agent, and
the agent’s local priorities, where will be the
agent’s focus of attention be?

e What will be the overall impact of introdu-
cing the new interaction into the existing
interaction setting?

I have argued elsewhere that we can model
many of the resource requirements of a given
interaction by considering the size of message
that needs to be sent between agents, the
channel that will be used to convey the
messages, and the relationship between
agents. I have also argued that we can best
model relationship between agents as the
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degree to which they share models of the
world, or have common ground [3,4,12]. This
is because the greater the common ground
between agents, the more succinct and accu-
rate the communication is between them.

How does common ground help us model
attentional resources? We know from cogni-
tive psychology that although working mem-
ory has a small and finite storage capacity to
manage immediate tasks, long-term memory
can substantially enhance its performance. An
item in working memory may actually point
to a complex schema in long-term memory,
and with growing expertise individuals can
substantially enhance task performance by
building such schemas [13]. We can intuitively
think of this as working memory using LTM
schemas as ‘virtual memory’ to supplement its
own very restricted resources.

We now can see how common ground
enhances task execution. For a given task,
an agent will need to send a message to
another agent. The more the agents already
share, stored as schemas in LTM, the less a
specific message needs to contain, and the
more that can be assumed. By simplifying the
task of constructing and sending a message,
common ground minimises the use of atten-
tional resources.

We can formalise this discussion by noting
that for interacting agents ¢ and b, a message
of length m transmitted over a time ¢ with a
grounding efficiency of Gg, the requisite
channel capacity C is [4]

=" Gy (1)

Grounding efficiency is a measure of the
resource requirements for an interaction be-
tween two agents, all else being equal, and can
be thought of as the average length of
messages sent between them divided by the
‘true’ message length. When a pair of agents
shares much common ground they can ex-

change terse messages since much can be
assumed, and as a consequence their interac-
tions are shorter than the ‘true’ message,
which needs to include everything needed for
it to be understood.

Consequently, for interactions which by
definition require that agents exchange mes-
sages to accomplish a task, Equation 1 should
provide us a basis for modelling the requisite
resources to accomplish an interaction. It
provides us with observable measures of
internally unmeasured resources.

We next note that the likelihood that an
agent will be able to handle an interaction if
given it, or even recognise the request for an
interaction, will be determined by the re-
sources available to the agent. If the agent’s
cognitive load is high on a current task then
new tasks may be missed, poorly understood,
or poorly executed. The threshold for a
successful interaction is thus when the avail-
able agent capacity exceeds the requisite
channel capacity i.e.:

C,

avai

1 = Creq

With Eq. (1), we can connect together the
triad of channel characteristics, context-spe-
cific message requirements and the nature of
the relationship between communicating
agents. It allows us to make three different
types of interaction design inference:

o Channel-centric inference: For a given pair
of agents and a message, we can specify
channel capacity requirements.

e Relationship-centric inference: For a given
agent, channel and time resource, we can
say something about the common ground-
ing that would help select an appropriate
second agent to communicate with.

o Tuask-centric inference: Time can be consid-
ered a key task-limiting resource. For a pair
of agents and a given channel, we can say
something about the complexity of mes-
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sages that can be exchanged between them
over a given period of time.

The last of these suggests that we can
generalise the previous equation further to
incorporate other resources. Resource-specific
versions of the equation can be crafted,
substituting bandwidth for other bounded
resources like time, monetary cost, utility of
knowledge received etc.

4. Global interaction design

Fundamentally, every agent makes some
assessment of the costs C(x) and benefits B(x)
of a potential interaction x, and when the
benefits exceed costs, elects to interact [14] i.e.:

if B(x) > C(x) then do x else do not

If a number of interactions are available to
the agent, it will probably choose the one that
it perceives to deliver the maximum cost-
benefit trade-off. What emerges then is a
picture of a series of cost-benefit trade-offs
being made by individual agents across dif-
ferent possible interactions. The goal for the
agent is to accomplish its tasks through frugal
utilisation of its resources, maximising the
utility of any given interaction, through a
maximisation of benefit, and minimisation of
cost.

As an interaction designer looking at an
organisation, it will not be possible to model
all possible interactions nor determine what
the outcome of individual agent interaction
choices will be. What we would like, however,
is to determine the overall state of interactions
within an organisation, and make design
choices that reflect the current interaction
load. This will allow us to design new inter-
actions that suit the current context, as well as
predict how likely agents in the organisation
will choose the new interactions.

Consequently we would like to be able to
make statements about the likelihood of an
interaction occurring, given the organisational
context. Specifically, the probability that an
interaction will occur is driven by the differ-
ence between cost and benefit. For most
agents, this decision is based upon evidence
of past interaction choices. We can say that,
for an agent which has a history of n previous
interactions of type x, that the probability of
it carrying out x again next time should be
related to the average overall past benefit B,,
in the past i.c.

S (B(x) — Cx)
B — i=1

av

n

However, an agents available capacity Cyyail
to execute a new interaction also determines
whether a new interaction will be taken up or
succeed. Consequently we can say that the
likelihood that an interaction will occur is a
function of the agent’s estimate of its benefit
as well as the agents current capacity to
handle it i.e.
P(interaction) = f(C,

avail’

B,

We now set up a situation where we are
measuring populations of interactions across
groups of individual agents in an organisa-
tion, to determine likely future choices. This
would seem to be an impossible task, given the
complexity of the systems we are trying to
model. However, it is likely that agents will
behave in fairly stable ways over time, because
each interaction is not an independent event,
but depends upon past and future interac-
tions. For example, an agent may have
invested in developing a relationship with
another in the past, or expended resource
learning to use a piece of software, which
benefits a present interaction.
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Similarly, the anticipation of a future inter-
action may alter an agent’s behaviour in the
present. For example, if the agent is going to
have a series of similar interactions, then it
may be cheaper in the long run to establish a
high level of shared common ground, and
minimise grounding during individual inter-
actions. One of the consequences of such
grounding behaviour is that, over time, agents
should choose a degree of shared common
ground with other agents that will minimises
future interaction costs, but will still be
sufficient to accomplish the goal associated
with interactions.

The two agents in an interaction either give
or receive ground, and the decision to parti-
cipate in the interaction occurs when both
agree that the ‘price’ or benefit of doing so is
mutually acceptable, much like the way two
agents would agree to exchange other goods
of value. This leads to a hypothesis called the
law of the mediated centre [4] which states
that communicating agents will be driven to
an intermediate level of model sharing with
other agents over a series of interactions,
where the total costs of maintaining shared
models and communicating models at inter-
action time are minimised. The mediated
centre represents an interaction equilibrium
point.

5. The economic interpretation of interaction

The grounding equilibrium is one example
of agent’s adapting their interaction behaviour
over time, and they should also make similar
adaptations to other aspects of interactions,
such as choice of interaction task, other agents
and channels. If agents do display such
equilibrium behaviours over time, then we
have a powerful set of analytical methods to
assist in the modelling of organisational
interaction to assist design. Specifically, we

can look to other disciplines that have had the
same task of inferring the likely outcome of
the multiple, often conflicting individual
choices of agents, yet which collectively coa-
lesce over time into definable population
behavioural equilibria.

Specifically, we can look to disciplines like
economics that offers an array of analytical
techniques to predict decision equilibria. A
number of different economic methods seem
applicable to the task of predicting interaction
outcomes including supply—demand analyses,
barter modelling, game theory and computa-
tional simulation methods. To illustrate the
nature of this type of analysis, the remainder
of this paper will present a supply—demand
analysis of interaction, and illustrate its po-
tential to support interaction design with in
organisations.

Since we are dealing with the choices to
initiate or receive an interaction by free-willed
and independent agents, under conditions of
scarcity of resources such as time, we can
think of interacting agents as behaving ac-
cording to economic principle of supply and
demand. Sending agents are ‘buyers’ with the
need to interact, and receiving agents ‘supply’
them with their time and information by
making themselves available for the interac-
tion. There is thus at least an implicit, and
sometimes explicit, negotiation by agents over
their willingness to interact with each other,
based on their personal assessments of cost
and benefit from past interactions and current
goals.

We can thus structure the supply and
demand for interactions by graphing the
quantity of product ‘sold’—in this case the
number of interactions made-against the price
of interacting for the sender and receiver (Fig.
3). A key idea of economic analysis is that
these curves represent the emergent beha-
viours of populations of individual agents.
Without necessarily understanding all the
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Fig. 3. Supply and demand curves for interactions. Demand is
generated by a population of potential sending agents, and
supply provided by a population of agents who are potential
receivers of those interactions.

local decision criteria adopted by any indivi-
dual agent, we can still make robust predic-
tions about how a group as a whole will
behave.

The curves indicate that when interactions
are cheap, then senders are willing to make
many of them. Conversely, when the cost of
an interaction is high, senders only make a
few. For receivers, the cost increases with the
number of interactions, as interrupted tasks
and newly acquired tasks compound the
demands on their resources like time. Sender
and receiver curves may not always have this
simple shape, but so long as the curves are
non-identical and intersect, the following
analysis should generally hold.

The point at which supply and demand
curves intersect represents the point of market
equilibrium, where most buyers and sellers
have maximised their outcomes. Any transac-
tions occurring at prices away from the
equilibrium result in unhappy buyers or sell-
ers, who then drive the market back to
equilibrium as they try and minimise their
dissatisfaction with the outcome [14].

This is clearly a simplification of what
occurs in reality, which we will retain for the
present discussion. However, just as some

simple economic analyses assume agents
have perfect information about the market
place to decide what to buy and sell, we are
making a similar assumption that our inter-
acting agents have perfect information about
which interactions to choose to make or
receive. Yet we have already seen that under
conditions of high cognitive load, some agents
may be ‘blinded’ to the available interactions
around them. Economic methods for handling
situations in which information is ‘asym-
metric’ between agents should also allow us
to incorporate such details in interaction
equilibrium models.

5.1. Getting specific about interaction costs

We can assume that agents are willing to
collapse their cost and benefit assessments
into a ‘price’ at which they are willing to
interact. In traditional economics, price is
usually expressed in monetary units, but in
this case the price of an interaction is a
complex amalgam of personal costs and
benefits. Amongst these, time is an easily
quantifiable and identifiable component of
the overall costs and benefits. As we saw
earlier, message length with respect to a
specific task is a proxy measure for cognitive
effort, mediated by the available common
ground.

We can now be more precise about the
notion of interaction costs, based upon the
general model of agent interaction presented
in the previous section. Specifically, the chan-
nel across which an interaction occurs, and
the state of grounding between agents are the
two major external costs that shape the
interaction curves for a given task.

Thus, it is cheaper to converse with an
agent that understands the issues being dis-
cussed, compared with one that needs to be
filled in with the necessary background ex-
amples. However, developing that back-
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ground knowledge is not a free process, and in
many situations an agent may feel that the
cost of doing the work in building prior
common ground is not worthwhile. We can
summarise by noting that grounding costs
relate to:

e The grounding efficiency of the interaction,
which is reflected in the cost of constructing
a message given the relative ground, and
the extra ground that needs to be trans-
mitted within an interaction to facilitate
message interpretation.

e The cost of building and maintaining
common ground prior to the interaction.

e These two costs are traded off over time to
arrive at the equilibrium point of the
mediated centre.

Similarly, there are costs associated with the
channel chosen to mediate an interaction.
Some channels may allow rapid and high-
quality transmission of a message, but be very
expensive. Others may be slow but cheap, and
in many circumstances sufficient for the task
at hand. Channel costs are numerous and
include [4]:

e the actual price charged for using the
channel;

e the effect of noise on the transmitted
message;

e the effort involved in locating channel
access;

e the number of connection attempts re-
quired before another agent replies;

e the opportunity costs involved in message
delay due to the channels transmission
characteristics like bandwidth and latency;

e and similarly, the time it takes to transmit a
message.

The interaction equilibrium point in Fig. 3
should represent the point in an organisation
at which most senders and receivers are

making mutually acceptable use of the com-
munication system. Thus, for a given organi-
sation and its communications infrastructure
and practices, the interaction equilibrium
point represents the optimum communica-
tions outcome. However, while an organisa-
tion over time should reach equilibrium, and
that equilibrium represents the optimal use of
the existing communication system, the wider
impact of that equilibrium may not be ideal.
For example, the level of calls in a hospital
may not be ideal if the traffic at equilibrium is
adversely affecting patient care.

6. Predicting the impact of a new interaction
class

Changing the communication infrastruc-
ture or practices in an organisation will alter
caller and receiver costs and benefits when
making calls, and thus alter the shape of the
supply and demand curves, resulting in a new
equilibrium. Thus the communication goals
for any organisation are twofold. Firstly, they
should free up the ‘communications market’,
so that individuals can make optimal personal
use of the existing system. Secondly, given
other organisational goals and constraints, the
ideal level of interaction should be estimated.
Then, the underlying structure of the commu-
nication infrastructure and the way it is used
should be altered to shift the equilibrium
towards the ideal.

The notion of freeing up the communica-
tion market deserves some further comment.
In one clinical user study, people were char-
acterised as acting selfishly, reasoning only
locally about their personal costs and benefits
when interacting with others [15]. This was
portrayed in the study as being in some sense
a negative characteristic of the study subjects’
behaviour. However, in the present analytic
framework, such locally motivated selfishness
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does not preclude a system moving to the
optimal allocation of resources. In fact, it
ensures it.

Thus, if we believe in this ‘free market’
model, an organisation shouldn’t use the
tactic of fixing the costs of calls by edict e.g.
limiting the time or number of calls. Indivi-
duals will simply behave in ways that circum-
vent these rules [14]. What we can say is that if
we want resource allocation that is close to
ideal, we should not focus on the behaviours
of individuals, who will always seek to opti-
mise their individual circumstances, but we
should seek to improve the underlying com-
munication market’s structure. For an orga-
nisation, that means changing the available
tools, channels or allocated tasks structures of
agents.

An individual’s assessment of the costs and
benefits of initiating and receiving interactions
over the long run determine how they use a
communication system. The only avenues for
changing the resulting equilibrium level are to
either change the decision-making process of
individuals or the costs and benefits that drive
those decisions. New technologies introduced
into an organisation could plausibly do either
of these two things. By making it easier to
make a call, for example, a new technology
will reduce costs and increase the number of
instances in which people judge it worthwhile
to call. Alternatively, by making hidden
global costs and benefits explicit, a visualisa-
tion of the call traffic levels within an organi-
sation may influence individuals to alter their
local decision criteria.

Even though the supply and demand model
of call behaviour presented so far is very
simple, it is enough to permit us to model the
effects of technologies, and predict the com-
munication patterns that will emerge in an
organisation once a particular new technology
is introduced.

6.1. Example 1—introducing mobile
telephones into the workplace

What would the effect be of giving hospital
workers mobile telephones? Using the current
framework, introducing mobile phones can
only either alter the supply of calls being
answered or the demand to make calls. In fact,
simple analysis suggests that it is the supply
that is mainly altered. When someone carry-
ing a mobile phone is called, there is an
increased likelihood that they will answer,
compared with someone whose phone is in
an office or responds to a pager by finding a
shared phone.

So, we can say that the supply of calls
received increases, and this has the effect of
shifting the supply curve to the right (Fig. 4).
Consequently, the quantity of calls made will
also increase, as the equilibrium shifts. This is
because callers now find it cheaper to make a
call in terms of the time taken for a call to be
answered, and the number of call retries,
increasing the overall level of interruption in
an organisation.

________

call cost
5

Q=
pre

/

Fig. 4. Introducing mobile phones increases supply of calls,
decreasing cost of calling and increasing the number of calls
made.

N — N1

no. calls
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6.2. Example 2—asynchronous message
services

So far the analysis has looked at the effects
of technological interventions directly affect-
ing equilibrium by changing characteristics of
call supply or demand. In contrast, asynchro-
nous services like voicemail or e-mail do not
alter the supply of calls nor the underlying
demand for calls to be made. Rather we can
consider asynchronous services as direct pro-
duct substitutes, competing directly with syn-
chronous calls to satisfy some underlying
communication need.

In this case, individuals make local cost and
benefit assessments about whether to use a
synchronous or asynchronous service to sa-
tisfy their communication need. When it is
perceived that one type of service is cheaper
and as effective as another, individuals will
over time adopt the most economic modality
of communication.

It is likely that there may be some inherent
biases in this decision making, for example a
habitual preference for synchronous systems
simply because they were introduced first into
the communication service ‘marketplace’.
Certainly, there has been an observed bias to
synchronous systems in the example data that
suggests that individuals considered synchro-
nous methods to be better than the existing
asynchronous ones [15].

If an asynchronous system were introduced
into an otherwise synchronous dependent
environment, and the new system was per-
ceived to often be a cheaper alternative, then it
would steal some of the existing synchronous
market share, and have the effect of reducing
the overall call demand. The net effect would
be a decrease in the level of interruption and
as well as call cost (Fig. 5).

In practice, while asynchronous systems
might be cheaper to use, for example not
having any line busy or phone unanswered

call cost

C1

Nt~ N *no. calls

Fig. 5. Asynchronous message services reduce call demand,
resulting in a decrease in calls made and call cost.

costs, they may have other hidden costs that
make them unattractive. For example, the
lack of feedback about whether a message
has been received, read or acted upon may
mean that even if there is no immediate need
to complete a task, a caller cannot readily
consider that sending an asynchronous mes-
sage completes the communication task. The
costs here include checking back to see if the
task has been completed, as well as the
cognitive costs of carrying an open task.

6.3. Example 3—call filtering services

A system that permits a call receiver to
automatically filter an incoming message can
be built by detecting caller attributes such as
past call history, telephone number, or recei-
ver attributes such as current task, location
and so on. Messages are filtered if they fail to
meet specified attribute values for allowed
calls. Such filters are commonly available
today to help manage the growing amount
of email many individuals have to manage as
part of their organisational duties.

To a first approximation we can treat a call
filter as a barrier, letting in selected messages
and excluding the remainder. So, without
changing the inherent demand for making
calls, it does restrict supply. Call receivers thus
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limit the number of calls they take, at the
increased cost of having to specify the beha-
viour of the call filter on their communication
system, and perhaps also at the cost of the
filter failing in some circumstances and block-
ing important messages. Equally, callers have
to work harder to get a call through a filter on
average as they build up a model of its
behaviour and try and ensure their call meets
the criteria for call success.

Consequently filtering services decrease the
number of calls made, but at an increased cost
per call for callers and receivers over time

(Fig. 6).

6.4. The effect of introducing more than one
technology

The current qualitative analysis could now
be transformed into a quantitative one, for
example explicitly measuring costs to those
making calls, and those receiving them. How-
ever, as we have seen, the qualitative argu-
ment is already sufficiently powerful to draw
some robust conclusions. The analysis be-
comes more difficult however, when more
than one new technology is introduced.

In particular, when opposing qualitative
directions of change in supply or demand
occur, we cannot say what the overall trend

......

<

call cost
S
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no. calls

Fig. 6. Filtering services restrict supply, reducing number of
calls made and increasing the cost per individual call.

will be. Thus, introducing mobile phones and
asynchronous messaging will decrease overall
interaction costs, but we are unclear what the
effect will be on the total number of interac-
tions at the new equilibrium (Table 1).

To resolve the issue, the opposing effects
need to be relatively ordered in magnitude
[16]. So, if a call filtering service was coupled
with asynchronous messaging, we could have
opposing effects on call cost, but reinforcing
effects reducing the number of calls made.
One would need to measure the cost of using
the filtering service, and the changed demand
on calls with competing asynchronous sys-
tems, to resolve the issue. Even simple order
of magnitude measurements may be sufficient.

7. Supporting the economic analogy for
interaction

The central idea presented in the last section
is that we can profitably draw an analogy
between the communicative interactions be-
tween agents and their economic interactions.
More specifically, we can adopt some of the
analytic framework of neoclassical economics
to help in the analysis of general agent
interactions. Interactions have been presented
here as a set of ongoing adaptations by
individual agents to optimise their overall
resource utilisation and benefit. Cliff and
Bruten have made a similar argument in
economics, where they argue trading beha-
viours can also be considered to be an
example of long-run adaptive behaviour [17].

Table 1

Qualitative changes in call costs and overall call traffic
Number of calls Call cost

Mobile telephony Up Down

Call filtering Down Up

Asynchronous messaging Down Down
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However, the conception of communicative
interaction between agents as trading may
appear problematic for a number of reasons:

o There is no competitive marketplace within
which agents can trade. For example, an
agent may only want to interact with
another specific agents. How can that be
competitive, when no other agents get the
opportunity to interact? This criticism is
answered by noting that there is no neces-
sity for inter-agent competition implied in
the interaction equilibrium model. Rather,
the competition occurs between the various
channels, ground and messages the agent
can bundle together during interaction.
One could even envisage an interaction
equilibrium emerging with only two agents
over time. Certainly, experiments in auction
trading have shown that very few agents are
needed to replicate normal market equili-
brium [18,19] Having said this, the oppor-
tunities for interaction are enlarged when
there is inter-agent competition, so it is a
sufficient rather than necessary condition
for the emergence of interaction equilibria.

e Money is not exchanged during an interac-
tion, so there is no external measure of
utility, nor compensation available for enga-
ging in the interaction. A simple response to
this is to simply note that in many cases a
true price can indeed be attached to an
interaction, and money exchanged. For
example, providers of information services
charge for answering specific questions. In
most cases, however, agents certainly do
not charge each other for interaction. They
do however make judgements about the
cost and benefits of engaging in the inter-
action. In such circumstances, when costs
and benefits are not readily reflected in
monetary terms, economists use what is
called a ‘reservation price’ for the activity
[14]. This is the amount of money at which

an agent would no longer be indifferent
between doing and not doing something.
So, people can be characterised as making
decisions ‘as if’ everything has a price
attached. In fact, we often consider the
time spent in telling someone something as
a loosely transferable thing. For example,
after explaining something to a colleague,
you can consider that they now ‘owe you
one’.

Agents may not be able to make free choices
to interact, nor benefit from those interac-
tions. For example, working within an
organisation, an agent may be compelled
to answer telephone calls, thus having
neither direct choice in the response, nor
direct benefit. In response, one could sim-
ply observe that many buyers in the eco-
nomic  marketplace are  themselves
constrained intermediaries. For example, a
buyer for a clothing store may gain no
specific benefit form purchasing stock for
the store, nor have the choice to elect not to
purchase stock. Economists thus need to
invoke several models of self-interest [14].
In one, the self-interest standard of ration-
ality, agents only consider the costs and
benefits that directly accrue to themselves.
In the present-aim standard of rationality
by contrast, they simply act efficiently in
satisfying their current goal e.g. working
for an organisation, they will maximise
results for the employer. Both are suitable
foundations for developing economic mod-
els. One can also note again that even when
the choice to interact and select a channel is
removed, an agent still has choice about
message constructing and grounding. One
can choose to answer a question to the best
of our abilities, or do the minimum possi-
ble.

There are limited choices of channels, agents,
and messages in many organisations that
prevent  optimal interaction  equilibria
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developing. For example, an organisation
may only supply telephones, or limit the
time available to answer a telephone call. It
is indeed hard to argue against the existence
of such structural impediments in some
organisations. In practice we approach
communication in more or less optimal
ways, depending upon organisational com-
munication processes, and mechanisms for
making communications decisions. How-
ever, just as a command and control
economy doesn’t preclude the existence of
a free market in other countries, a restricted
interaction environment in some organisa-
tions doesn’t preclude their ‘market’ being
freed up or other organisations adopting a
different model. And the more freely de-
termined agents are in their interaction
choices, the more ‘efficient’ the ‘market’
should become.

e In a free market, no individual intentionally
enters into a loss making deal. Agents enter
into a trade with the expectation of some
benefit. However, when an agent answers a
telephone, for example, the receiver has
restricted choice in answering, and knows
nothing about the ‘deal’ being offered
which could be costly. This criticism is
actually directed at the phone as a ‘trading’
mechanism, rather than the notion of
interaction as trading. When agents answer
a telephone, they indeed do not have
information about the proposed interac-
tion. But we could construct scenarios in
which recipients do have the choice to
answer, and information about the ‘deal’
being offered. For example, an answering
machine can be set to screen calls. Based
upon the ‘bids’ of people talking to the
machine, an agent can choose to answer or
not. There is even greater freedom in
choosing to interact with other communi-
cation services like e-mail. However, it is
only recently that we have the means to do

so. This makes for interesting predictions
about the optimising benefits of commu-
nication services that permit freer choice
(e.g. call screening or e-mail) compared
with those that make choice opaque such
as the telephone

8. Conclusion

In this paper I have shown how we can
approach the design of interactions within an
organisation by viewing them from the point
of view, not of the technology mediating the
new interaction, but of the agents who are
asked to use the new technology. Under-
standing the limits to individual agent re-
sources should allow an analysis of the impact
that a new interaction will have in a given
setting. When we look beyond simple interac-
tion settings, we can use the notion of inter-
action equilibria to predict the impact a new
interaction class will have on the interactions
within an organisation. Economic supply and
demand curves, for example, may allow us to
make both qualitative and quantitative pre-
dictions about technological adoption of com-
munication systems.

Rather than focusing solely on character-
istics of individual technologies, or psycholo-
gical and social issues, these are combined to
explain the overall decisions of individuals
using technologies. In particular, we have seen
that the supply and demand curves represent
the emergent behaviours of populations of
individual agents. Without necessarily under-
standing all the local decision criteria used by
any individual, we can still make robust
predictions about how a group as a whole
will behave. Future work will extend this
analysis to a broader technological frame-
work, and show how a deeper analysis of local
communication behaviours can help us gen-
erate economically inspired population-level
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explanations of information and communica-
tion technology use.
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