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condition is visible.

                     

                     

Figure 7: Mean values for LF/HF for inland skippers (left) and pilots (right). 

Mean values – heartbeat
For the skippers, the variation in heartbeat is quite low (Figure 6). This is the case for the different conditions but
also during the run of a condition itself . For the pilots, the variation in heartbeat during the runs is larger compared
to the skippers,  especially  for  the condition without  light.  This  is  an indication that  the skippers  experience  a
constant workload during the run and that the pilots experience more variation in workload during the run.  
The pilots’ heartbeat is remarkably higher during the red/green condition as for the other conditions. During the
debriefing,  the pilots  mentioned  their  irritation about  the flashing red  and green  lights.  The negative  emotions
(irritation) is expressed in this higher heartbeat. 

Mean values – LF/HF
Again, the effect of the red/green light (in the beginning of the run) is visible in the three window analysis for the
pilots (Figure 7).The six window analysis shows for the pilots alternation of demanding and relaxing intervals. For
the skippers , the six window analysis shows clearly that the second part of the run is more demanding than the first
part. In particular peaks in windows 4 and 5 (respectively detecting and reacting) demonstrate this. 

DISCUSSION AND CONCLUSION

Effect of changes in puddle lights on workload
The  first  research  question  was  about  the  effect  of  changes  in  environmental  bank  lights  on  workload  and
performance for both inland skippers and pilots sailing on a channel.  For both skippers and pilots, workload is
increased in conditions without puddle lights. For the skippers this is particularly expressed by the secondary task
performance and the heart rate measurements. In case of the pilots, the workload is increased in two conditions,
expressed by the heart  rate and the subjective rating. Both from a different  background. The condition without
puddle light is demanding because of the missing reference point in the environmental view. In the condition with
the red/green isophase light the interference of flash lights and frustration about these flickering lights is mainly
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expressed  in  respectively  the  secondary  task  performance  and  heart  rate  measurements.  The  subjective  rating
indicates clearly the non-lighted condition as most demanding for the pilots.

Differences between skippers and pilots
In both experiments, the condition without puddle lights comes up as the most demanding case. But that does not
automatically mean that the effect of absence of light is the same for skippers and pilots. To answer the second
research question about the differences in change of workload due to changes in puddle lights, the focus is on the
non-lighted condition. In this most demanding condition, the differences are more pronounced. 

1. The first difference is found in the workload indicators itself. For the skippers especially the secondary task
performance gives a pronounced differentiation in demanding conditions. For the pilots, these objective
results are less distinctive and is the subjective RSME value the most pronounced value.

2. A second difference comes from the comparison of the secondary task results. These show that the skippers
need more mental capacity for the execution of the run than that the pilots need. Especially in the second
part of the run, the increased workload starts to have an effect on the skippers’ cognitive process. They
need  more  effort  and  time  to  interpret  visual  information  and  prepare  the  second  encounter.  This  is
demonstrated by the high LF/HF value at window 4 in combination with the larger reaction time to start the
preparation  of  the  second  encounter.  The  pilots’  results  do  not  point  out  any  effect  of  workload  on
cognitive processing.

3. From the subjective rating comes a third difference. The subjective rating by the pilots indicates clearly
increased effort in the non-lighted run. Although it is expected that the non-lighted condition also by the
skippers is experienced as most demanding, the RSME does not confirm this very clear.  The most and
non-lighted condition are almost equally rated. As the skippers mentioned, they mostly suffer from the
wind gusts. Probably these wind gusts rather than changes in environmental bank light are the underlying
factor in this rating.

4. The last difference is found in the heart  rate results (LF/HF). During the whole run, the pilots clearly
alternate between more and less demanding moments. This is especially seen during the lighted conditions.
The skippers do not so. Their results show increased (moments of) workload during the second (and more
demanding) part of the run.

These four differences create an image that  shows that  (during the conditions without puddle light) the general
workload for the inland skippers is higher compared to the pilots. 

Combination of factors
It was seen from the results that especially for the skippers workload increases when a combination of demanding
factors occurs. These factors are related to design differences and available equipment at the bridge and also to
events happening during the run. The skippers:

 have to correct more for disruptions due to wind gusts (as a results of the vessel characteristics),
 complete the actual picture with information from the environmental view (due to limitations of the radar
 have to give way to sea going vessels
 can, compared to the skippers, less overview the channel (due to a lower bridge)

The detection of the second encountering vessel is taken as an example.  After detecting this vessel, the skippers
have to gather additional information from the environmental view, as a results of the limitations of the radar. They
have to do that while they are still eliminating lateral vessel motions caused by wind gusts and giving way to the
first encountering vessel. In this combination the absence of light is an additional demanding factor. At the end the
accumulation of factors effects the time needed to interpret visual information and prepare a second ancounter. 
On the other hand, the pilots have detected the encountering vessel already in an earlier phase. The higher bridge
position is benificial to this.  Besides that, the environmental view provides all information about position and size
of the vessel at one glance. Finally, the pilots do not suffer from wind gusts. 

Task analysis
To unravel the demanding factors and study the effect of differences vessel characteristics and equipment on tasks
and working strategies, a task registration is needed. Then it is possible to determine which event or task is the most
leading one to increase workload  and to find relations between events and tasks. Differences in working strategies
can be studied and the way how they are expressed in differences in workload. 
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