


However, the use of the progress indicator
itself is affected byEventRate Participants’ use of
the progress indicator ggiificantly increased from
high to low workload periods (Fig 4).

Figure 4 Effect ofEventRateon use of progress indicator.
Temporal control strategies

To illustrate the richness of temporal control
strategies used on the task, selected comments from
the feedback forms participants filled in after each

trial are quoted below:

a) 8p repair cost,event rate uralable, timescale unavailable

“I tried to anticipate the best time when to repair/replace the
nozzles. However, just when the workload was very high and |
decided to replace them, the workload decreased and | felt a
certain level of frustration because of the loss of points.”

b) 6p repair cost, event rate @lable, timescale unavailable

“I wanted to set both machines to repair half way through the
medium section so they were both ready for the heavy period,
but not having the timeline made that very difficult to judge.”

) 8p repair cost,event rate urelable, timescale unavailable
“Some strategies have developed: (1) | route all traffic onto
one station, when this is broke | repair it and use the other. (2)
Depending on frequency, | change to manual paint. (3)
Replace must be avoidedNdxt trial, timescale unavailaljlé

think | have to revise my strategy of not using replace. If the
frequency is high [...], replace seems to be necessary as
backlog increases too quicki\N¢xt trial, timescale available
This time | used the timeline to anticipate changes in
frequency. | also repaired stations before breakdown.”

d) 12p repair cost, event rate unavailable, timescale available
“The timeline is very useful teaheck how far through you are
and also if the event rate isali to change so you can plan
ahead. [...] But it is only really useful in medium or low
periods when you have time to look at it.”

e) 8p repair cost,event rate uralable, timescale unavailable
“Definitely works best having one machine being repaired all
the time and using the other in manual mode. Usually seem to
lose about 6 or 7 during a run so better than replacing the
nozzles. Later trial, timescale unavailabjeMuch harder than
previous ones. | lost 17 so a couple of replaces would have
been useful but it is hard tmow when to use replace when
the next batch may come at a slower rate.”

f) 12p repair cost, event rate available, timescale unavailable
“Just alternate between the two stations, one in action while
the other is repaired. Repair pre-emptivelyatpr trial, time
scale unavailableAttempted same strategy [...] However it
didn’t work, this was due tehe zero slack time available,
meaning that every time | switched machines and hit the repair
button, a build-up was occurring lost and 2 replacements.”

0) 12p repair cost, event rate and timescale unavailable

“Lack of time indicator makes it more difficult — as you
cannot tell if it is worth repairing a nozzle (e.g. just in case the
next interval will be a faster one).”

DISCUSSION

The results indicate that temporal
information in the form of prior knowledge of the
event rate distribution did indeed improve
performance. Surprisingl this effect cannot be
attributed to the availability of the online progress
indicator, which, for thegroup of participants who
received event rate infmation, displayed this
information plus an indication of the current stage
of the trial (and of the point in time when the next
event rate change was to occur). In the light of this
data pattern it is difficult to speculate about the
interpretation of the effedf event rate information.
One could assume that the provision of event rate
information simply makes the participant more
aware of possible workload changes, or focuses the
participant’s attention isome other way. However
this explanation cannotceount for the interaction
of event rate availability with replace cost, which
shows that availability of event rate information
only reduces the number ¥moved items in the 6p
and 8p condition, whereas in the 12p condition the
number of removed items is similar to the condition
where event rate information is unavailable.
Moreover, the number of moved items is virtually
identical across replace cost conditions for the
group of participants who receivetb event rate
information. As the number of removed items is
inversely proportional to the number oéplace



decisions, it could behypothesized that the
availability of event rateinformation enables or
encourages a more appropeiaonsideration of the
trade-offs involved in therepair vs. replace
decision. Participants’ comments suggest that this
may indeed be the case (c.f. comments d, eand
g). However, in the absence of a significant effect
of event rate information on replace decisions, this
explanation remains speculative. Future studies
should investigate the determinants and purposes of
use of event rate information in more detail. Such
studies should addressethelation between online
and offline temporal information, memory for and
awareness of offline temporal information,
resolution of conflicts between temporal
information, and the effects of unreliable, inaccurate
or untimely temporal information.

The decreasing use of the progress indicator
at higher event rates (Fig. 4, commdphighlights
a common scheduling problem: High workload
periods, when accurate control decisions are most
necessary, are exactly the periods when fewer
attentional resources areadtable for taking them.

CONCLUSION

The contributions of this line of work to a
Human Factors-centric ap@ch to work design are
twofold. First, it helps to outline the characteristics,
limitations, determinants and biases of temporal
control behavior and teporal error. It thereby
contributes to a research program in the Human
Factors community thahas recently begun to
recognise time as an important but under-researched
domain (e.g. De Keyser, 1995). Such work goes
beyond the traditional view of time as merely an
external constraint (deadline view), as merely a
descriptive property obehaviour (epiphenomenal
view), or of decision-making under time pressure
(time stress view). Instead it aims to identifiy the
various ways in which time is used as information,
internalised, externalisedeasoned about, attended
to or fading into the background, how time and
other decision parameters are traded off against
each other, and in what ways time is an aspect of
the outcome of a control decision. The crucial

guestion in this domain iwhether these decisions
can be modelled with general-purpose models, or
whether human temporal cognition has properties
that distinguish it from other decision domains. A
growing literature on temporal factors in judgement
and decision-making (e.g. Varey and Kahneman,
1992) suggests this might indeed be the case.

The second contribution of this work relates
to the understanding of Dynamic Function
Scheduling design choicesor adaptive control
choices in general. Theng-term aim of this work
is to provide a structured method for charting a
design space that identifies the various dimensions
of temporality (e.g. constraint, information, decision
outcome) and allows the assessment of tempora
design solutions alongsidether options such as
adaptive automation. A firgdtep towards this shift
in perspective has been achieved by adding a
temporal dimension to D approaches. The next
step is to construct suitable representation tools tha
allow the expression of rich temporal properties, i.e.
the temporal task structure, the workload
requirements faced by the system, and the tempora
properties of the agents.ge service rate, temporal
reasoning and planning abilities).
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