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Figure 3: Fault-Identification-Time (Routine)
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Figure 4: Out-of-Target-Error (Routine)

Failure Performance

Though participants showed a slight improvement in
fault-identification-time and out-of-target error from block 1
to block 5, no significant differences were detected across
groups for either performance measure. This was an
unexpected result as Manzey et al. (2008) found evidence of a
failure performance decrement for out-of-target-error at the Al
level.

Situation Awareness

Similar to routine-performance, a marked
improvement in SA was observed with the introduction of
information analysis support. As with out-of-target-error,
unequal variances (F=3.64, p<.05), required the use of the
independent samples approach. The analysis revealed a
significant difference between the manual group and the IA
group, #(5.84)=2.89, p<.05 ( M=36.5, (8D=12.6) (see Figure
5). No differences were detected between different LOA
groups.
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Figure 5: Situation Awareness

DISCUSSION

It was originally hypothesized that automation would
only have an effect on goal performance where automation
directly augmented the functions that were means to
accomplish that goal. This was generally supported by the
results. As predicted, all performance measures were
improved by IA automation and there was some evidence that
AS automation improved out-of-target-error, though not
significantly so. However, no change in either routine or
failure performance was observed for the Al group. This
contrasts with the findings of Manzey et al. (2008), suggesting
a key difference between the execution of the two studies. The
main methodological change was the addition of the SA
method, and the relation of the Al automation to the goal of
maintaining SA may be the reason why operators’ behaviour
was altered.

The mechanism by which Al automation supports
performance is rapid acceptance and implementation of
AFIRA’s recommendations. Because of the short span of time
for operators to perform situation assessment in this
experiment, operators were faced with the choice to reap the
benefit of rapid acceptance at the expense of performance on
the SA queries. We therefore interpreted that administering the
SA queries made the cost of uncritical reliance explicit and
thus caused participants to selectively disuse the Al
automation. Note that this trade-off between goals is specific
to the modified task and as such is not inherently related to the
type or level of the Al automation. The modified task structure
is illustrated in Figure 6.

Figure 6: Explicit Goal of SA Maintenance
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Unfortunately, this selective reliance masked the
effects of higher level automation on SA and both routine and
failure performance. Thus, we could not make a strong
conclusion regarding the functional specificity of automation
effects on performance measures and situation awareness.
However, the results are sufficient to suggest that a task’s
functional structure may be relevant insofar as it affects the
operator’s strategic fulfillment of goals. Modification of the
task, in this case by introducing a new procedure to report
system information, may change the operator’s behaviour such
that the effects of automation are nullified. In terms of the
routine-failure trade-off, it does not seem likely that this
contextual factor could change the relationships between costs
and benefits of automation. However, it does represent a
potential pitfall of research in this area wherein otherwise
valid effects could be masked.

CONCLUSIONS

In conclusion, the routine-failure trade-off was
generally supported, though the strength of this conclusion
was tempered by a lack of data for the highest LOA tested due
to apparent disuse of that specific automated function.
Because of this apparent disuse, the hypothesis that the
functional specificity of automation effects is linked to
functional structure was not successfully tested. Thus,
functionally specific selective reliance seems to be a
mechanism by which operators can modulate the effects of
automation. Selective reliance was therefore identified as a
contextual factor that could impact the presence of routine-
failure trade-off effects differentially. This may be particularly
relevant to SA, where the goal of SA maintenance may not be
explicit but inferred from other tasks and responsibilities.
Further work is required to investigate the original hypothesis
regarding functional specificity of automation effects.
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