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1 . Introduction
Issues concerning time in the user interface have been a recurrent theme in my research ever
since my "Myth of the Infinitely Fast Machine" paper in 1987 [3]. In this paper I'm going to
focus on those aspects concerned with the precise timing of tasks and in particular at a close
examination of the gaps between tasks.
In work over several years with Devina Rambuny-Ellis and Julie Wilkinson, we have looked at
the nature of this gap and in particular what makes tasks happen when they happen. We call
this Trigger Analysis and a chapter describing it will appear in the new Diaper and Stanton
task analysis collection [12,2]. In more recent work with Cristina Chisalita and Gerrit van der
Veer, we have looked at the relationship between events and triggers in Trigger Analysis and
similarly named concepts in Groupware Task Analysis [20,21]. In grappling with the
similarities and differences between these we have been led to a more rich understanding of
events and the way events drive and are driven by tasks. One outcome of this is a more
detailed analysis of the gap between tasks and a resulting view of the life history of a task
[11].
2 . Background
Before focusing on the gaps between tasks, I will give a brief overview of some of the other
aspects of interface timing in my own work that are related to or lead into the analyses that
are the heart of this paper.
2 . 1 pace and tasks

In "Pace and Interaction" in 1992 I investigated the issues concerning the pace of
communication channels and how this affects cooperative tasks [5]. The pace of a channel is
the rate at which one can expect a round trip message. that is for a message sent to be
received, understood acted upon and the feedback to be received. This depends on a number
of factors such as the delays in the underlying communication infrastructure (e.g. post needs
at least two days for round trip) but also including the interface (e.g. if new email generates an
alert it may be responded to faster than if the user has to explicitly check) and social factors
(e.g. if I only check my email twice a day).
Where the natural pace of the task does not match the pace of the channel something has to
give – this may involve slowing the task, reallocating roles so that less (or more)
communication is needed, running several tasks in parallel, and creating communications which
foresee likely circumstances. These patterns were predicted largely by a priori argument, but
were found to match exactly those found in reported interactions [1,13,18]
2 . 2 status–event analysis

Status–event analysis is the name for a number of analytic techniques, some formal, some
informal, based around the differentiation of phenomena into events – things that happen at a
particular moment; and status – things that have some persistent value or state [4,7].

Examples of the former include a mouse click or keystroke, a warning 'beep' from the
computer or the arrival of a letter in the post. Examples of status phenomena include the
location of the mouse, the current screen contents or the weather.
Although based on a very simple ontological distinction, status–event analysis is powerful
because the patterns of interaction between status and event phenomena are found at all levels
of a system including human–human, computer–computer and human–computer interactions.
Moreover physical phenomena are usually status whereas most computing formalisms focus
on event phenomena.
Two particular properties of interest here are the way in which status change gives rise to
events (for example, when the temperature of the oven is hot enough for the cake) and the fact
that the distinction itself depends on granularity of analysis – and alarm clock ringing is an
event in the day as a whole, but a status phenomena when consider the few minutes whilst
waking up. These issues of granularity have been a constant problem in the formalisation of
temporal phenomena simplistic discretisation has been found to be insufficient [16], but richer
treatments, in particular Kutar's work [14], are still partial.
2 . 3 formal aspects – LADA
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meeting to take part in joint actions [6].
Figure 1. concurrent action in LADA
More recently I have been investigating the
way in which different forms of dialogue and task notation map onto simple timelines or
traces [9].
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3 . The task counter
3 . 1 task sequence

Task and process decomposition notations allow one to discuss the individual sub-tasks or
activities within a larger activities and also to discuss the order of those subtasks.
Figure 2 shows a simple
get post from
bring post
open post
process diagram" in the
pigeon hole
to desk
morning I collect post form
my pigeon hole, then take
Figure 2. simple work process
it to my desk and finally
open (and read) the post. Figure 3 shows an Hierarchical Task Analysis (HTA) for making a
cup of tea [19]. here the order of subtasks is more complicated and given by the separate
plan. sub-task 2 , "get out cups" comes after boiling the kettle and pouring the tea (task 4)
comes after making it (task 3). Task 3 starts only when the kettle boils, not immediately after
task 1 or 2. Figure 4 shows a ConcurTaskTree (CTT) diagram for booking a holiday; this uses
more formal operators for order derived from LOTOS [15].

Figure 3.

Hierarchical Task Analysis

Figure 4.

ConcurTaskTree

However, in all these examples, the "followed by" should be read with some care. Although I
cannot bring the post to my desk until I have got it from the pigeon hole, there is no guarantee
I may not spend time at the pigeon holes chatting to a colleague. Neither the arrow in the
process diagram, the "then" in the HTA plan, nor even the ">>" in the CTT say that the next
task happens immediately, just that it cannot happen before the preceding task and that once
the preceding task is complete, the following task will eventually occur.
Between the boxes representing the task are gaps. In typography one talks about the
"counter", the space between the letters. It is in fact the balance of the counter that gives one
the sense of aesthetically well positioned text. Between the boxes representing the gaps are
the task counter, the matrix in which the tasks take place. The free running and reliability of
tasks rests as much on this counter as it does on the tasks themselves.
3 . 2 trigger analysis

Whilst the order in the various forms of task analysis say that the next thing will happen, they
don't say when it will happen. Trigger analysis is concerned with understanding why tasks
happen when they happen. Not just sequence but timing. Actually, this is not even 'just'
timing. One might says, for example, that a delivery should be dispatched within 48 hours of
an order arriving. However, this timing just expresses the goal of the task – for the task to
actually complete within that time, something must happen that drives the pace of the tasks.
Let's look again at the "morning post" task in figure 2. Why do I collect the post from the
pigeon hole when I do? Perhaps it is because I always do this first thing in the morning when
arriving at work. "Why do I take the post to my desk? Well, having collected it from the
pigeon hole it is sitting in my hand, a constant reminder I need to do something with it.
Finally why do I open it when I do? Perhaps I do not open it straightaway when I get to my
office, but instead put it on my desk to read later, but then mid-morning at coffee time I
always read the post.
first thing in the
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environment "post in my hand"
are the triggers that prompt the
Figure 5. triggers for activities
various tasks to occur. Figure 5
shows the process diagram annotated with these triggers.
Trigger analysis both seeks to identify these triggers and also to understand potential failures
and other common features of triggers. For example, what happens if there is a fire alarm test
one morning disrupting the "at coffee time" trigger ... will the day's post ever get read?

Trigger analysis is discussed in several papers by Devina Ramduny-Ellis, Julie Wilkinson and
myself [8,10] and in a chapter in Diaper and Stanton's new Task Analysis collection [12].
3 . 3 placeholders

As well as knowing that something should happen, it is also important to know what should
happen! This is implicit in a task analysis diagram, but for someone actually doing the task it
may be less clear. This is especially a problem if the task is non-routine (e.g. emergency
shutdown procedure), drawn out over a long period (e.g. organise a conference), or
interspersed with many instances of the same task (e.g. processing an order).
Just as programs require a program counter to say what part of the code to execute, so also
humans require what we have called ‘placeholders’, to record where in a task they are.
Sometimes this is purely in the memory of the individuals concerned, sometimes it is
explicitly stored in some way, perhaps a checklist or flow chart and sometimes, like triggers, it
is stored in the environment in the presence, location and disposition of physical artefacts
[10,12].
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Figure 6 shows a simplified version of the main activities when an air traffic control flight
controller wants a pilot to move to a new flight level. When first told about this, I was told
that when the controller asks to the pilot to move to a new height he crossed out the old
height on the flight strip and wrote in the new one. However, this process is clearly drawn
out over several minutes, for example, the pilot may delay acknowledgement if in the middle
of a manoeuvre and the plane will have to climb or descend the new height. But there was no
obvious placeholder. So I expected that either the controllers had really good memory, or
mistakes sometimes happen and the process gets stalled somewhere, or there was some
additional cue to act as trigger and placeholder.
When I asked about this I was told
that indeed the process is more
complicated and that the flight strip
is annotated in a more rich manner. (i) controller gives instruction to pilot "ascend to flight level 220"
Figure 7 shows this process.
First of all, when the controller
chooses a new level he writes the
(ii) pilot acknowledges the instruction
new level onto the flight strip and
an up or down arrow depending on
whether it is ascending or
descending (i). When the pilot
(iii) new height is attained
confirms the new level (task 3), the
Figure 7. flight strip annotated during task
controller crosses out the old level
(ii). Finally when the plane has reached the desired height the controller ticks the new level.
The various intermediate states act as cues to the controller both triggering actions and also
acting as placeholder. The fact that a new level has been entered, but the old one not crossed
out (i) tells the controller that either he has not yet told the pilot or that she has not confirmed
the new level. Similarly if the old flight level is crossed out, but the new one not yet ticked it
is a placeholder to show that the process is between tasks 3 and 5.

Note that there is no placeholder between tasks 2 and 3 because the recovery for the controller
is the same tell or remind the pilot. Also there is none between 4 and 5 because this is the
pilot's task not the controllers.
3 . 4 life history of a task

Recently working with Cristina Chisalita and Gerrit van der Veer [11], we realised that both
trigger analysis and groupware task analysis used the ideas of events and triggering of tasks,
but in somewhat different ways. In GTA triggering is about the way events create the
necessity for a task (e.g. a phone order arriving), whereas in trigger analysis it is the thing
(often not directly task related) that makes it happen when it happens.
Completion
Looking at these differences realised that Enablement Initiation
the task has three principal 'significant'
events. The first is enablement – the thing
Task
that makes it that the task should happen
at sometime and before which it should not
begin. For example, the receipt of an order
is the enablement of the order processing
task even if the order is put into a tray of
Figure 8. Significant task events
pending orders. This is the moment of the
triggering event in GTA. The second is initiation – the point at which the task actually starts.
For example, the morning coffee break that initiates the opening of post. This is the moment
of the trigger analysis trigger event. Finally there is the point at which the task is complete.
This is important as it is often the enablement point of the next sub-task.
The period between initiation and completion is of course the extent of the task itself.
However the gap between enablement and initiation is exactly the task counter.
Having started to look at this counter we begin to see more structure in this gap. The reason
that trigger analysis focuses on the initiation point is precisely because there can be delays and
interruptions during this gap that can disrupt the task performance. Ethnographic studies and
our common experience tells us that such interruptions are the norm not the exception in
many circumstances [17]. Also this gap may itself be 'full'. For example, a telephone order
may be received, which at one level of analysis is the enablement of the order processing task.
However, a closer investigation may show that the person who receives the call writes a note
of the order on a post-it note which is later transcribed onto a proper order form that goes into
a pending orders tray. That is there a series of activities that comprise the 'gap'.
4 . Future work
We are continuing to study the interactions between physical artefacts, events and the detailed
timings of tasks. In particular we are aiming to understand the ways in which organisational
processes adapt themselves to expected and unexpected interruptions and also the way these
interact with meta-events such as the restructuring of organisational roles.
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