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Automation and mental workload:
Why it isimportant to get the balance right
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It is easy to assume that introducing automation into a task would decre: Dr Mark Young

the mental workload on the operatar after all,if they are doing less, then isan Inspectomt the UK Rail

the task must be easierlt also makes intuitive sengat an easier task Accident Investigation Branch.

should be performed more effectively. However, neither of these Hehasworked inhuman factors
. . . . for over 25 years anbas

assumptions are necessarily true.Automation paradoxically has the published widelyaboutthe

potential to both increase and decrease mental worklpdepending onhie | effects of automation on mental

circumstances. Furthermorejecreasing workload can actually put ar workload.

operator into an underload state, whidl just as bad for performance as mark.young@raib.gov.uk

overload. We have learned these lessons in the aviation and, more recenuy,

automotive industriesasaccident reportslemonstrate we arenow starting

to see their impact on the railway with the introduction of Automatic Train

Operation andbther automated systemsThe keyin helping an operator to

work at their besisto find a way to optimiséheir mental workloadg which

may mean thinkinglifferently about automation.

INTRO

Picture the scenaet is the nottoo-distant future andyou aredriving your brand new cawhich has come
SlidzA LILISR gAGK It 27, shkeén bbth sbebitsdlf and todinivol 2 heb®his @thad S | (i dz
first time you have taken the cé&or a drive and you decide ttry these faaturesout on a stretch ohighway
You get the car up thighwayspeeds!/INB &4 (G KS WI dzicddidd  tie GaRisnovdati dorrgl.> | Y R
Seems easy, right? You can just ralast enjoy the ride.

But you are a conscientious drivgou have read the operating manual for the autopilot system, and you
know full well thatyou still haveresponsibility ford R N&A @A y 3 Qwhen lthg §/$taéin isSe@pdgéd. You
cannot take your hands off the steering wheel becaufgou dothe car willsound an alarm and threaten
to disengage the autopilotlf you look away from the road ahead, the driver monitoring system will detect
this ard, again, sound the alarmAnd all the while, you have to be alert for any situations that the autopilot
is not designedto copewith ' yR 6S NBIFRe G2 GF{1S 20SNJ O2y GNBf |

This is all starting to sound a lot more difficult than you thlou You are having to be an attentive driver
without actually being in control of theehicle Surprisingly that feels harder than just driving the car
yourself. But it is even more complicated than that because, as well as watching the road, you are also having
to watch the autopilot systenelosely tounderstand what it is doing, and when it might want you to take
over. Thisis a struggle, because the interfalRe2 S& y 20 3IA GBS &2dz YIye Of dzSa | &
¢ there is just a small icon to tell you that it is engaged.
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While you are trying to figure this all out, another car suddg¢nilys in front of yours and brakes sharply,
aiming for thehighwayexit that is just comingup¢ KA & Aa Y2NB GKFy @2dz2NJ OF NR&
sounds its alarntg ¢ KSNB Aa I iiypoit Sgadoeféere yorealBaelmihat 3syhappening;
instinctively, youpress hard on the bralssand just manage toavoid colliding withthat car in front. Your
heart rate and your stress levels have rapidly increased, and you decide to flodavffending car off the
motorway So you castop andget your breath back.

AUTOMATIONRND MENTAL WORKLOAD

Obviously thescenario abovés a hypotheticabne, but it is not entirely unrealistic. The point is, the
popular assumption that automation will make the task easier (and, by implication, better) is not necessarily
true when we still rely on a person as a fallbaglerator ¢ and expect that person to be a reliable and
attentive fallback. If they decide not to be so attentive, which may reduce their workload, then their
performance is likely to suffer even more when they need to take over control from the automation

Paradoxicallythen, automation camoth increase and decrease mental worklpagen within the same
task. Different aspects of the taskan impose underload or overload respectivelexperience with
autopilots in commercial aircraft shows thidie hichly automated activities such as cruise flight can result in
underload, whereas the more critical operations of tal{€and landing can lead to overload (Endsley, 2015).
There is alsevidence that automation changes the nature of the tégletzger & Paasuraman, 2005and
imposes qualitatively different demandgross human information processing stageerhaps increasing or
decreasingvorkload associated with perceptiodecisiormaking or responsg¢Wickens et al., 2015).

Much of this results fronthe capabilities of automation technologybeing unable to fully and completely
relieve the task from the human, @ften makes the easy tasks easier and the hard tasks haadgtyation
GKFG KFa 0SSy (SNMSER& Seppel20Re hodefr@nytecadeLofhOman factors
research that both underload and overload are detrimental to performgeog.,Young et al., 2015)

Underloadcan occur in an operator who is facing excessively ddwut not entirely zero¢ mental
demands, such as when supervising an automated systévhnat happens irthis situation is that the
2 LISNI G2 NDa I Gd Sy soinatyheiraphciydiodéait2anyfhBduNdsurRiSs reduced (Young
& Stanton, 2002).The problem with underloadhen actually becomes apparenthen there is a sudden
increase in demand such as the emergency situation faced by our hypothetical driver ab@ra this is
now beyad the2 LISNJ 2 NR& NBRdzOSR oAt Ade G2 O2LSo {2 NB
we are expecting the person to remain attentiaed alert.

At the other end of the scaleverload can occur through K S 2 LISNJ G 2 ND & AtgmatwiNd Od A 2
and the fact that it adds a new dimension to the task. Compared with controlling the task manually,
automation increases complexity, requirdg operatorto integrate and interpret new information (Lee &

Seppelt, 2012), and imposes a new setrmfitoring demands Surprisinglythis monitoring taskactually
creates high workload for wigilant operator (Warm et al., 1996and is difficult to sustain for prolonged
periods. Moreover, WOf dzvya e Q I-taskiNBhabdd cait Rave dheNdam operator with an
incoherentset of tasks remaining to take care of, which can also increase mental workload (Stanton et al.,
2021).

All of this points to the idea thdtuman mental workload should be optimised in order to achieve best
performance(Young et al., 201%)neither too high nor too low (see figure 1fyor automation to avoid both
overload and underload, it needs tee smarter in working with the operator as part of the same team
(Reinartz, 1993).With more automation now making its wanto train operations, railway signalling and
elsewherethis is an issue that the rail industry neddsake account of, as recent case studies demonstrate.
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RAILWAWCIDENTS INVOLVING MENTAL WORKUTDARAUTOMATION

Onthe afternoon of31 Janary 208, a passenger became trapped in the closing doors of a London
Undergroundtrain departing from Notting Hill Gate station in west Lond&®AIB, @18) She was dragged
along the platformand about 15 metres into the tunnel, suffering serious injuries as a result.

Seven months later, on 1 September 2018, another London Underground train travelled between Finchley
Road and West Hampstead statiomgh doors open at ten passenger doorwa{®AIB, 2019). Although
nobody fell out of the trairthere were no injuries, the train had about 30 passengers on board and reached
a maximum speed of 62 km/h during the-86cond journey between the two stations.

Both of these trains were operating in automatic train operation (ATO) mode, in which the train operator
in the cabcarries out station duties, while the train automaticalignsits from one station to the next.
Between stations, then, the train operateimply monitors the trairand track while their task at stations is
to operate the doors, monitor passengers getting on and off, and starting thedraiaery repetitive task.

The investigation reports for both incidents found that ATO played a Keyrrthe causal analysis, with the
train operators in each case seemingly affected by mental underload.
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departure. This was in part likely besauof the nature of the task, which resulted in him not consciously
processing the available information. The ATO system presented the operator with a relatively low workload
and repetitive actions at the station stops; this can invoke a cognitively attommode of responding, which
reduces attention. As long as the task is consistent (that is, nothing is wrong), the operator performs it quickly
and (apparently) efficiently. But when the situation changes and there is a critical event (as in thithe@rse)
reduced attention makes the operator vulnerable to missing the vital piece of informatizence being
unaware of the trapped passenger.

The train operator at Finchley Road was similarly affected by mental underload. A door fault at the station
presented an unexpected situation, which meant a sudden increase in workload for the operator after an
extended period of potential underloadis a probableansequerte, the train operator was unaware of the
open doors and ended up bypassing the door ilutek, so that he could depart the train. The report
ARSYGAFASR | L12&aaAofS dzyRSNIE@Ay3dI FIFOG2NI Ay GKS @GN
them to manage the sudden increase in workload caused by the need to deal with faults, timnder
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The recommendations from these investigation reports included supportmagn operators in these
circumstanceso maintain attention as well as in dealing witharp transitions from low to high woddd.
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