sudition, motor, speech, and cognition, The contlict matrix
instantintes Multiple Resource Theory by, for example,
ensunng that any two visual tasks receive a higher contlicr
value (e.g., .7-9) than any visual + auditory task pmr (.2-4),

Ciiven these consideranons, o conflict value must be assigned
for every combination of pairs of channels, This may be done
tor a newly defined channel via the Edit Channel window
presented in figure 4b above, Alternatively, all previously
delined pairwise conflict values may be reviewed and edited
by selecting the “All Conflicts™ button on either the Channel
sereen (Figure 4a) or the Edit Channel screen (Figure 4b),
This results in accessing the window presented in Figure 5.

4. Solution Description

4.1 Calculating Conflict Levels

Given the conceplual crew station, mission segments, a
task/activity mairix, and a conflict matrix, the degree of
conflict for each operator can be ealculated at any point in the
segment as the sum of all pairwise conflict values incurred by
the resources required for all concurrent tasks at that time, If
attentional demand values are used, then pairwise conflict
values are weighted by attentional demand values. These
aperations are performed automatically over the timeline
provided when W/ndex 15 asked o caleulate workload values
for the scenario. While this equation is simpler than (hat used
in many workload-based assessment or prediction approaches,
it provides as much predictive power as any other method
while providing the most useful information regarding display
and control type and location (¢f, [51).
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4.2 Using Comiflict Levels in Design—An
Automation Example

Windex provides acanlhict profile (or the operator
throughout the timeline. The true power of W/lndex,
however, 15 in its ability (o guickly assess how
change m interface or lask assignments might affect
the operator’s workload profile. This is, therefore, o
simple, law cost method of redesigning an entire crew
station and ascertaining the cffects on human
performance. By using the baseline conflict profile
for a segment, we can perform multiple permutation
analyses corresponding to speculative modifications
Lo the crew station, task allocation, or operational
procedures, A conflict profile using the revised maoidel
is then compared to the baseline model and the im-
pact of the changes analyzed.

Figure 6 presents onc illustration of this approach
from our scoutfattack helicopter study. In this ox-
ample. we-envisioned a decision aid to help the plol
monitor the presence and locations of enemies and
team members—ithat is, a piece of suiomation which
would monitor sensor data to compare the location of
team members and enemies and alert the human
crewmembers of evolving threat situations. Note that
this aid is far from being developed, and that one
motivation for doing this permutation analysis was 1o
decide whether such an aid would be valuahle,

In the baseline model, these tasks required monitoring
the Center display and using spatial cognition with
reasonably high levels of attention. For the
permutation modeled in Figure 6, we envisioned a

smart, automated aid which would
v e e it 5 s
CHANNEL CONFLICT VALUEE e track enemy and [nendly locatons and
movements, and alert the pilor when an
Channel 1: upfront Conll: [W‘l Ml unanticipated threat was evolving,
Channel 2: upfront — Since this aid essentially enables
managing these tasks by exception, we
A: audio voice 0.2 = maodeled no pilot resources expended
A- audio tone 0z for these tasks during most of the seg-
P: "new" channel 0.0 ment. Alternative (and perhaps more
g:_ ;“e"" {::am"' 0.0 realistic) approaches might include an
P rg;:“cuﬁ vol gg atd that provides movement projections
5 wicegingeraclive 0:1 and threat identification on a dihp!qy—
C: fool control 05 therchy greatly reducing the cognitive
L: fight grip 0.5 demands ol these tasks while retaining
E: Volcll':; interaclive gg maost ol the visual demands.
- il yoice R
5 voice interactive | |C: audio tone 05
C: foot control — |C: upfiont 0.5
C: fMight grip C: HHD 05
C: voice inl?fat:liva C: right MFD 05 The output data from two separate
C: audio voice | |C: left MFD 05 W/Index runs are graphed (using
|C: audio tone =1 |C: center MFD 0.5 Microsoft Excel's Chart Wizard) in
Figure 6. These results show that the

Figure 5. Pairwise Channel Conflict review and editing window.

hypothetical aid produces large drops in
conflict over the baseline crew station



