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l1Executive Abstract

In this reportthe evaluation of optimization potentialer increasing productivity, robustness and job
satisfactionis discussedas well as the relation betweémse three dimension3he resuls are
presented in Aolistic approachstarting from currentonditions:

1 Traind r i vpmdustidgity iscurrentlyevaluated through theifferentKPIs of SBB. Afteran
extensive search in tloairrent practices and in the literatutesan be deduced that current KPls
used by SBB arm line with the most advanced theora®lpracticesThis has been confirmed
by a workshop in collaboration with Swiss International Airlines, which adopt a similar
approach (i.e. consideration of productivity, flexibility, job satisfaction aspects in duty
scheduling of cockpit crew].he main KP$ arethe average number of tours per day computed
on a monthly basjsand thevariationbetween realized and planned performaricdsrms of
times forthe activitieslinked todriving andtrain preparationBy coupling oftrain productivity
datawith EFA (.e.,i n G e Enfassang Rahrplanabweichunghe system for reporting
delays or cancellations, together with their motivgtiogports it can be deducethat the
productivity performance variation is given mostly byetkrain cancellation anthrge train
delays(in generabver 10 minutes

1 The EFA reporthave been used to compute the MT®BFan Time Between Failures) index
on a depot basig his has been used as KPI for evaluating the robustnesstodithd r i ver s o
serviceon a monthly basisResuls show that as expectedyigger depots have worse MTBF
values (i.e. lowevalueg than smaller one. This mesthat the depdt dimensiorwith respect
to the number of train drivemmustbetaken into consideratin before evaluatmschedule and
rosteringd sobustnessHowever 74% of the toursaffectedin the EFA system have been
reported only once, and 158hly twice. This indicatethat the events related to cancellations
and big delays do not depend @ystematicsystemmisconfiguratiors (e.g.,timetable, train
driver schedules, rosterdjut are random eventaused by everyday problenmMoreover the
monthly trend ofEFA reportsand reported depots suggests that theeexternal factas that
influence botlof them(e.g. seasonality)

1 Job satisfactiohasbeen evaluated through the survey analyResults have bearported to
a numerical scalt®o mathematicallyjcomputea weight for eachmacrotopic tour construction,
tour sequence, dispositicamdwork environmentWith helpof those four macropic weights
apercentage of reached satisfactimuld be computed-rom the survey it turned ouhat he
aspectselated tdour constructiontour sequence artisposition havalmost the same weight,
while thework environmenhasa lower weight.The satisfaction has been evaluated as % of
reachedsatisfaction, where the extremes indicated complistatisfactior{0%) and caplete
satisfaction (i.e. 100%)Two areas were identified, the first is between 0 and 69.67% and
identifies the area of dissatisfaction. In this area, there is no aspect rated positively, but drivers
may be more or less dissatisfiddhe second area isthesen 69.67 and 100% anddentifies
the area where there is a partial satisfactinomother terms, dower value but still close to
69.6 %6 may indicate dissatisfaction that wighsmalleffort can turn into partial satisfactipn
and he more the satisfaction is close to 100%, the less there are aspects that generate
dissatisfaction.The currentsatisfactionresults tobe 80.10% In addition, nformaton on
potential aspects for increagijob satisfaction have been retrieved. Among otlieis worth
to mention that, concerning tour constructiensuring a good variety of train types and routes
in asingletour or a sequence of touis fundamental for train driver3his aspect has bee
evaluated through the survey (multigleswer questionsndconfirmed both in the interview
phase and the free text answé&¥® conclude therefore a strong motivating factain drivers
(orthose who choose this jplike to see differenplaces, to travel, to drivdifferentvehiclesi



they like varietyand dislike homogeneous, repeating wankaddition, most train driverask
to enhance their knowledgegarding routes anat train types to drive.

From these resulta framework fordentifying possible enhancement areastiich all the three afore
mentionedperspective may be positively affected can be defin8gecifically,a strategic level and a
tactical level are foreseen, and for each ley@bssible area for enhancementisntified.

It can be summarized: The main driver osteategic level to increase productivity as well as job
satisfaction and customer satisfaction is the flexibilizatind individualization of resource and shift
planning.For the implementation, the concepts of crew and depot have to be revised and redesigned.

Increasing productivity means that either t#zame level obutputmust be achieved with less input
resourcer the available resourcemustgenerate a higher output levelowever, the output ipre-
defined by thedrain ridesgiven in the timetable. This means that productivity increases can only be
achieved if the share between the time to drive trains andtoi@ work time is maximizedfor each

train driver. Hence, on a strategic level it has to be discussed how theldwdifae for driving trains

can be maximized, ofice versa, how dead time (breagauses) can be minimizédence currentshift
patterns, shift contentndto some extent the timetable itsalidother constrainthaveto be relaxed

in order to increas the productivity. With the current SOPREnplementationonly marginal
productivity increases seem possibltnerefore if the increase of current productiviperformance
indicators idesirable, thethe flexibility in shift planningnustbe increased.

A higher level ofjob satisfaction istrongly related to variablghift contentsand a personalization of
shift duties Moreover,if the tour can be therefore composed in a way that a good balancerh&we
Bahn andongdistance trairridesis achievedthenan importantpart to increase job satisfactios
addressedAgain, thecomposition of a shift ishusthe crucial driver to increager decrease) the job
satisfactionWhile enhancing the knowledge of routes and ttgpesaremotivating factos, they also
helpto increasahe productivityand robustnessdicators Moreover having more peoplthat are able
to drive different trainsver different routemcreases the flexibility ineassigning specific tasksdaily
operation.Having a pool of generalistsasthereforea positiveinfluence onrobustness aspecisin
principle. Thusrobustness in operatia@an beenhancedif train and route knowledge is shared broadly
inside a crew or a depot respectively

However, as many depotsdaarews alreadyshare all common routes and train tyfpasthat depat
further enhancements can only be achievédefconcept of depots drcrews arenade more flexible
A sharedknowledgeof trains and routefover an area, a region, etmpy lead tahe development of
new crew managemenbnceptover routesand depot management conceptich may exploithe
added flexibility to enhancéhe productivity itself With more flexibility, it might be necessary to
involve moreand different organizati@h unitsin the definition of specific strategi€s.g.labor rules
and agreemenjitsind the productivityperdepot might alste redefinedn its concept

The dataanalysis performed ovell the datasets related to tour productiviéyents reporting (EFA)

and job satisfactioshowsome interesting findings that can be appositely used to enhance the current
planning systenon atactical level. As-is productivity is largely affected by the number of cancelled
trains and, in second place, by delayed trains. As seen from the data analysis, tte@veintsrectly

related to the timetable constructi®obustressincreasingneasuremcludethe knowledge of how to
reschedwd and reroster the affected tasks/dutidsb satisfaction is mostly affected by the variability

of tour sequences and of tasks within a tour. This has been also highlighted in the free text answers,
where 42% of the answers correlated to requests of more variation in train types and rouiés ¢ta. 4



the total answers received) asked explicitly le&a8n services and more louigstance tours, or even

a good mix between the twés a higher variation in the shift dutissnitially a higher risk with respect

to robustness (more risk of missiagonnection due to delays or train cancellatiahggrisk has to be
mitigatedwith new design ofour schedules and rosters, which allow for quick recoksseover, this
redesignmight have a positive effect to productivjtyn terms of more adherea to the planned

conditions This aspechot only enhance the satisfactiorof train drives, but alsomight become a

motivating factorfor them.In addition,if individual preferences could be respected during planning

phases and ife-roster ande-schedule of human resources are exceptional evbetsproductivity
increases doné6ét | ead problenob satisfaction or robu

Possibilities to increase productivity, job satisfaction and robustness are limited on a tactical level. They
all enmmpass thenanagement of buffers timés some extentHence the possibilities are strongly
related to the design of the shift patterns and shift planning, as well as the tour composition for each
train driver.

Possible measures &lopt for enhancing &planning systenare seen in thamplementation of new
models in the SOPRE systewhich shouldincludea systemfor train typeassignment and nesgserve

and buffer times constraint&nother possibleneasure to consideresumes furtherinvestigationfor
identifying best practices among depots. The aim is to collect successful experiences that make the
difference in terms of productivity indicatoi&FA and train driver satisfactioandfinally reproduce

themin a new tour planning system



2l ntroducti on

Train driver's productivity is usually measured per person, as a ratio of the driving time to the working
time, and it follows contract regulations. This measure, however, gives only a partial information on the
rail operators globgroductivity regarding train drivers. In particular, the productivity described above
must be compared also witther aspects, such as availability and reliability of servicesrobustess

of the operatior), and the buffer times derived from timetables and rostering schedules,halelan
impact on productivity indicators as well. In this view, the job satisfaction of train drivers is closely
related to the times available for fulfilling all tasks; these times must be analyzed transparently. This
allows an understanding of availableverages related to train driver productivity. Therefore, a
thoughtful distinction between commercial, customedated tasks, required tasks for handling train
runs, and standby tasks (reserve time) to cope with deviations, is heeded. This comprpiotinsve
missing today.

Most of the past and current studies are focused on providing a mathematical solution to the crew
scheduling problem only. The current modeling is well described in Caprara et al. 1998 as well as
consolidated algorithms in Capacet al. 1997these have been widely used in different context such as

in London (Sodhi et al., 2004), the Netherland (Fioole et al., 2006), and Copenhagen (Rezanova et al.
2010) On the algorithmic side many propada@ve been done in the fiekbecifcally to overcome the

long computation timesvhich are mostlylue to the complexitgxplosion wherconsidering multiple

depots The column generation approa&uafnhart et al., 1998&4uisman, 2007Potthoffet al., 2010)
hasbeen used by many researchers and it seemsf the most performing solutioi@ther approaches

have been proposed in the past, especially in the field of-bgeatl modeling (Fioole et al., 2006;
Shibghatullaret al., 2006, Abbink et al. 200®ezanova et al. 2010) in the past other approaches that
have been proposedypically, cordination between agents fisached througla team formation
process in which possib{es)schedulingalternativeareevaluated, based on constraints preferenes

of involved human train drivers and dispatché&ensideringproductivity and itsrelationshipswith
robustness of the operation and job satisfaction has been mostly studied in those environments where
specificapplications were already und#sign andmplementatiorfrom the industriesThis is the case

of the Nederland and of NS, which funded specific research on this topic (Abbink et al2@004
Doellevoet, 2013; Hartog et al., 2009; Kroon et al. 22009).Studies in this field have been mostly
gualitative, and neither KPIs nor benchmarks on the three dimeraienprovided in the relative
reports.

It is clearthata part of the knowledge requiredreference for conduicty the research aspects related
to this projects missing Neverthelesghe identification of the relations between thésgee dmensions
(Produictivity, Robustness, Job Satisfacjias now a requirementfor fithe final user§ i.e. rail
opeators Therelations betweernobustnessand poductivity related to train drivers and affeng the
overall rail operation have to be deeapas well as the role of personal motivation and job satisfaction
within thestrategies for enhancirtige productivityitself.

21 Project goal

The identification and evaluation of optimization potentials by including train driver and customer
perspectives, such as job satisfaction and punctuality into productivity objestitiesmain activity of
the projectin this reportpossible strategidsr exploiting optimization potentials assoillustrated.
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Figure 1. Triangle of the productivity aspects under investigation.

Theimprovements are mostiyeducedn the analysis between the current state and the desired state

which allow evaluating the gaps between them spetificallydefiningwhich aspects may contribute

to the system immpvementsandto which extentSpecifically,o per at or s, customers a
perspectivebave been considerel comprehensive view of organizational, crew related, and customer
related aspects can bett er ndiesgpaentiallerdantements vithimi n dr
the rail operation and the rail services offered to custoriBessimple interactions between two of the

three dimensions may not give information about,éghe train driverso satis
scheduled ks, the expected service quality related to the timetable, or the efficient/inefficient use of
human resources.

Operator$ perspective ihereconsidered through the main concepts thattotaltrain driver® costs
must beas small as possible. These costs directly relate to the numba&inafriversneeded to operate
the schedules. In this aspectoar sequence more efficient when fewéoursare scheduled to operate
all tasks. Next to the number wiurs per dayan indicator for the efficiency is the averadygving time
within a duty. AtSBB, this is aboub0%. The remaining time is speon other taskswhich can ke
directly or indirectly related to the driving activjtgr be unproductive (e.g. holidaysBecausg the
amount of work is given by the timetable, a higher percentadeifg time means that feweours
are scheduled.

Cu s t o peespestide is seen as tperception of customers about the good or bad operation of the
train servicesThe main aspedb take into consideration is thatstomers do not know whether the
delaycancellation of a traiis due to crew management problemngo other problems related tither
processes, e.graffic managementrolling stockfailures, etc. Since thevaluation of robustness in
general terms is out of scofwe this projectpnly therobustnessfthet r a i n ddtiesis coesidesedl.

The robustness of theain driver® duties, i.e., preventing the propagation of delagssehedules,
depends on several elements, including the transfer times ofetlvevhen transferring from one train



to another. Robustness is often addressé¢le crew duty scheduling problem by using constraints. It
is hard to define &alue to robustres, which carthenbe optimized, but it is clear that buffer time
betweertasks on two different trains will limit propagation of delays.

Train dr i v eisheréevaluatedsdpesatisfactorperceived by thérain driversregarding
their job. Thisis addressed via labor rules and company agreements, for example, on the @mount
variation in theours and in the tour sequenc€&sgether with the aspects more directly connected with
the operationtbur £hedule compmsition,variatior), thegrade of expectatiaiulfilled, which is related

to personalvishes motivatirg factos (e.g. caregr work life balanceis ako toconsider

To dosa theactivitiesof the present projectgerepresented in thi®llowing points

1 We startfrom thediscussios about thenitial organization analysjto determinehe current
needs to be changed and how

1 We collect andanalyzedataof the present stat® quantitativelyrelate when possiblethe
relations between the three dimemsiorhis taskis addressedlsowith the analyses dfPIs.

1 Wedefine adesired(future) stée together with ouproject partnes (SBB), to identify possible
gap to fill, necessary formal structures for change, the informal organizational aspects, the
changeecipientsand the change agents.

1 The fourth phase idevelopment oplans forthe action and implementatio@ur targets is, for
the presenttady, to identify in which direction there is possibility to develop effective
strategy for productivit enhancememn



3Potenti al e sthpprnecreeewnitr e ment s

The previous chapters focused on analyzing the available data and current status of the train drivers
productivity, the impacdf their activitieson the timetable operatigne. puntuality) and therefore on
passengeraind their satisfaction about their working condition, with specific focus on the tour and duty
planning. This chapter focuses on the possible directions to take for enhancing the system without
penalizing any of the three points (i.e. productiVjity, saisfaction and robustnes3gjo do so, a general
framework developed byCawsey et al. (2011)s taken as referencé understand where the
enhancement(s) will take place and which measane®quired (see Figure 1)

[ Initial Organization Analysis |-

» | Building and Energizing the Need for Change |

Describing the Defining the
: Present State @E_ Desired State

4 [ Action Planning and Implementation

5 Measuring the Change
Designing Effective Control Systems

Figure 1. framework for the definin of measure to takier system
improvements

The first phase of the framework starts with an initial organization analysis to determinajeowetied

sense of what needs to be changed and how, given that there is a problem. Second, based on an
evaluaion of the need for change, a sound rationale for the change and a compelling vision of a possible
future is developed. This to unfreeze organizational members. Third, based on a description of the
present state and a definition of the desired (futurég,stagap analysis is performed, identifying
necessary formal structures for change, the informal organizational aspects, theretipnggs and

the change agents. The fourth phase is the action and implementation. Here, an activity plan is
developedincluding contingency and communication planning. The transition is managed, and at the
end there is a planned moment of celebration and-afteyn review. The fifth and final phase is the
measurement of the achieved change over time.

In this documentand in the project itself, the first and the third step are under analysis.

31Initial organization anal ysis

The productivity targetef SBB have always beesry ambitious and will remain so in the futufée

main reason relies in the cultural environment of Switzerland, which sees in the rail network the main
pillar for mobility of people and goods. This has brought to a large development of services and offers,
which has let Switzerland become one of¢bantries with the most utilized rail network in the world.



The decline in demand due to the Corona pandeasiit SBB hard financiallyand espite the current
recovery, the future course of development remains uncettaithis context,also the railvay
production and thus the locomotive persorpeformances hav&uffered froma large replannig, due
to the unexpected measutbat have been takea support theseesawinglemandand at the sanmtéme
to guarantee thminimum services

Together withtheaspects hiked toproductivity, also theobustness of theerviceshashecomean even
more relevantopic to be related to productivitffrom the train driver perspectivegbustnessnostly
mears that the tour schedules and the associate rosterebhdefinedfrom the train timetable and its
variations during the operatiohhis aspechasaneffect m train drivers, which makavemore or less
stress depending drow good tour schedules and rosters are associated to the timeitgieey might
haveenough or not enough time doop off from a train angump in on thenext train to drivelf the
driver cannotjump in the train onime and start the journeyor whatever reasothe consequence will
be thathe passengers will experiencdedaydue to the delay of the train driver

Anotheraspect that has come to the fore in recent years and which the pandemic has helped to make
increasingly central to the management of rail servicgmbisatisfaction andhotivation which is also

linked to productivity The salary, the working environmerstecurity, the possibility of establishing
personal relationshipare all contextrelated elementthat may well affect job satisfaction, but not
always motivationThe motivating factors of a work environment are linked to the atierindividual

takes to change his or her status, e.g. the possibility of moving up the career ladder, gaining recognition
and reaching higher and higher levels of responsibility and autonomy. In practice, the motivated worker
is the rewardedor satisfied)worker, who perdges and experiences the opportunity to grow as a
professional and as a human beinghis context, the job of train driver is shrinking in terms of supply.
Fewer and fewer people are interested in becoming train drivers and the turnover betweeamdtirees
new recruits is unbalanced. This makes it necessary, on the one hatinteecurrent resources and,

on the other hand, to make the job of train driver a more attractive and more motivating one.

In this context it is necessary to understand thain elementsrelated toproductivity, operational
robustnessndjob satisfactiofpersonnel motivatioand theirinterrelations taincreaseall these three
aspects togetheo fulfill the current and future needs

32Gap analysis

321 Current st aBvauatfioa ef thie planning process

Train driver's productivity is usually measured per person, as a ratio of the driving time to the working
time, and ifollows contract regulations. This measure, however, gives only a partial information on the
rail operators global productivity regarding train drivers. In particular, the productivity described above
must be compared also with quality aspects, such dalaility and reliability of services, and the job
satisfaction of train driversn terms oftimes available for fulfilling all tasks, which have an impact on
productivity indicators as well.

Very few references put into correlatitrese threelimensionde.g. se&er wi n Abbi nk (2014
Management in Passenger R 3. iMbreover, thesalimensianshave Ph D D
different meanings (andveigh) depending on the specific levef design:planningthe available

number oftrain driversfor the amount of work that needs to be performed in the strategic planning
horizon, planning th&ain driversschedules in the tactical planning horizon, andiea dispatching

of thetrain driversin case of an unforeseen event.

For the scope of the went report, thestrategic andactical planning level is here discussétie
strategic level has a horizon from one to 5 years or more. The mairaegias develop the major



measursthat bring to changes in the availabiléyd/or in the managemeoit the resources (i.e., new
hirings). The tactical planning phase has a horizon of 2 months up to a year. In thigiphastails of
the plan are determined, but major changes in availability of rescamee®t possibleMoreover a
detailedplan is created for generic dayg, a generic Monday, Tuesday and so on

The most important resourceds set during arailway planning processare raitinfrastructure
(timetabling), rolling stock anttain drivers (together with the crewh generalthese resources are not
planned in a single step, due to the complexity of the oveidlay planning problem. A common
approach is to split the problem by resowand to solve the suroblems sequentiallyor the tactical
planning level, this meansahthe timetable, the rolling stock scheduling andrtia driversscheduling
problems must be addressed.

The train driversscheduling process the tactical planningncludes two major steps: (1) duty
scheduling, an@) roster planning. A duty starsd ends in a depot and describectmsecutive tasks

for atrain driver For each day, a set of anonymous dutiegenerated. Rosters prescribe how to assign
the anonymous duties t@in driverson consecutive day$Vithin the description of the duscheduling

and the roster planning, it meaningful to highlight the need to prescribe a sufficient variety of work
within the duties. About thigt is worth to mentiorthe concept of repetitiom-duty (RID).By dividing

the railwaytimetableinto a number of routes, the RIDf dutyd is computedas follows:

Nni € 6 A6 dxw
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It is reported thathe overall average RIDf all duties should béess than 2.7. For eadtain drivers
belonging to alepot, the average RID should be less than 3.0. In witrels, each duty should contain
on average a certain route at most three tiffiaslly, is good to mention th&m of the three dimension

Productivity . Main aim is thathat the total costs are as small as possible. Thesedoestty relate to
the number of crew members needed to operate the schaddldle rosterdn this aspect, a duty
schedule is more efficient when fewer duties are scheduledaiate altasks. Next to the number of
duties, an indicator for the efficiencytise average working time within a dufihe efficiency of the
rosters is quantified by the number of crew members assignedrastars to be operatedthe amount
of work assignedo the rosters

RobustnessA r obust pl anni ndgtiesaifns atpreventing tha prapagdationi ovdelays 6
viathet r a i n scheduleskhe reblistness of a scheddkpends on several elements, including the
transfer times of theain diverswhen transferring from one train to anothand itis often addressed

in the scheduling problefny using constraintsn minimum buffer times tbmit propagation of delays

For the rosters, the operational robustness can be improved by addinggapare i vdetiessto be
used in case of disruptions in real time operations. A higher numbjeaie duties increases robustness,
but, on the other hand, reduces the efficiendphefrosters because marain driversareplanned to be
needed.

Job stisfaction. The job satisfactions the perceived quality of duties by ttrain drivers Thisis
addressed via labor rules and company agreements, for example, on thecdiveriation in the duties.
In crew rostering, the quality of work can imeasured by computing the numbépreferred and nen
preferred patterns of consecutive days of work.

3.2.2 Productivity
The current state takes into consideration the productivity indicasatefinedy SBB



The aim of theroductivity indicatorss to measure the productivity of ttrain driving personnekith
driving performance or driving readinessmdwith the development of the number of tours per day.
Considered together, these key figures show how the productivity develops in the obritext
necessaryours.

These key figures can be broken down into the individual drivers (e.g. main and secondary activities or
tours) for analysis purposéd/hen computing the productivity indicatpetivity times areplaced in

relation to paid time&o measure profitability from the company's point ofwids.g., tie driving time

results from driving performance, the paid time corresponds to the total working time including breaks
and supplements.

Concerninghe purpose of this documetite most relevankey figures ar¢hereforereported

Figure 1 shows the monthly deviation between realized and planned conditions, in terms of number of
tours per day.Thegraphshows a decreasing trend tbfe toureffectively operatedlhe extra trains have
not increased theerformance$or seasonateedsas planned

August shows a daily decreade-83 tours (abowt51 FTE) below the planned valughere were test
runs 8% (in July 0%), as well as 16% of the tours were planned for historical and spatibg ev

Monthly deviation IS/PLAN in terms of Numbers of tours per
day (J 2021)
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Figure 1. MontHy deviationbetween realized (IS) amdanned (PLAN)
number otoursper day



Monthly deviation (%) of the IS/PLAN Tour productivity
driving time, AVOR1, AVOR2. (J 2021)
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Figure 2. Monthly deviation between realized (IS) and planned (PL&\N)
productivity, with specific focus on driving timéme to work preparation
directly linked withdriving time (AVOR1)time to work preparatiomot
directly linked with driving tim¢AVOR?2)

Figure 2 shows the trend of timaonthly deviatiols between realized (IS) and planned (PLAtS)r
productivity. Specificallydriving time, time tofor work preparation directly linked with driving time
(AVOR1), time for work preparation not directly linked with driving time (AVORBave been
consideredTypical example of AVOR2 timesaretimes for picking up/returring equipmentBriefing,
travel time to workplacegoupling/decouplingSimilarly, examples oAVOR1 times aresetup/reset
times, disposition train timegyrnaround times.

To ensure operationBispotrainsareheavily usedn events likestrikes, delays, disruptions. However,
from the productivity perspectivdrain cancellationsand delaysreduce driving time and thus
productivity itself. The increase in AVOR2 in comparisamth the planned conditions due to the
additionalreplacementours (deployment in another depathich are more likely to come after a train
cancellationwhich lead to more service trips and travel tinhedzigure 3anexample othe effects of
cancelled traings preseted Specifically, figure 3 shows the data collected by the system &inanst
and ti mes ( f iforasspecific bold anapecific ldepbinda)specific dayin which a train
cancellation hapgned and the data inserted in the system as plarogetation (first column
ASW_3 FP2024 0 )The driving times are highlighted in green, and it is possible to see that the
planned time was 213 mites andhe resulted time with the train cancellatiorl#?.97 minutesin
orange the preparation times are reported, and specifithéiytravel times (Wgzeit) associated with
AVOR2 increased from 24plannemiinutes toto 87. The Disporuns (DFahrt) have consequently
increased the tim® 64 minutesThe AVORL1 turnaround times (Wendenyhich are directly linked
with the train preparation, habeendecreasedsince the train has been cancelksdditionally, in blue

the filling times(Fullzeiten) which are timesot related with the service production and therefore
considered unproductivgrow due to duty replanning times.

This example has beeeveloped byelatingthe EFA reports with the toproductivitydetails collected
for the specific depest Similarconditionscan befound also for delayed trainalthough the effestare
not so evidendsin the cancelled traingFA is the system that collects, among others, datagations
to the planned conditions (train cancellation, delays), tegetith motivation, time, entity of the delay
(if any), primary and secondary delay (if any).



Szenario Name Wochentag

Tour Startzeit (Tournummer ZF Produktivitatskategorie

Tourenbestandteil

Basisdauer (Reporting)

Ist Dienstag 10.08.2021 '118 AVO Briefing 8.00
Ist Dienstag 10.08.2021 '118 AVO Dfahrt 64.00
Ist Dienstag 10.08.2021 '118 AVO IBN 63.00
Ist Dienstag 10.08.2021 18 AVO Kuppeln/Entkuppeln 1.00
Ist Dienstag 10.08.2021 18 AVO Wegzeit 87.00
Ist Dienstag 10.08.2021 '118 AVO Wenden 39.27
Ist Dienstag 10.08.2021 18 AVO Ubergabe 15.00
Ist Dienstag 10.08.2021 '118 AVO Ubernahme 13.77
Ist Dienstag 10.08.2021 '118 PBT AU 11.00
4
Ist Dienstag 10.08.2021 118 PBT Pausenzuschlag 6.30
Ist Dienstag 10.08.2021 !LlS PUB Pause unbezahlt 42.00
Ist Dienstag 10.08.2021 '118 zZUs ND1 30.60
Ist Dienstag 10.08.2021 '118 ZUs NDZ-10% 16.20
SW_3_FP2021_(17.0: Dienstag 19.01.2021 '118 AVO Auf-/ Riickstellen 10.00
SW_3_FP2021_(17.0: Dienstag 19.01.2021 "18 AVO Briefing 8.00
SW_3_FP2021_(17.0: Dienstag 19.01.2021 '118 AVO Dfahrt 3.00
SW_3_FP2021_(17.0: Dienstag 19.01.2021 18 AVO BN 63.00
SW_3_FP2021_(17.0: Dienstag 19.01.2021 '118 AVO Wegzeit 24.00
SW_3_FP2021_(17.0: Dienstag 19.01.2021 18 AVO Wenden 87.00
SW_3_FP2021_(17.0: Dienstag 19.01.2021 "18 AVO Ubergabe 12.00
SW_3_FP2021_(17.0: Dienstag 19.01.2021 118 PBT AU 29.00
SW_3_FP2021_(17.0: Dienstag 19.01.2021 18 PUB Pause unbezahlt 40.00
SW_3_FP2021_(17.0: Dienstag 19.01.2021 '118 ZUs NDZ-10% 11.50

Figure 3. comparisorbetween plannetbottom)and realizedup) timesfor
a cancelledtour with specifichighlight on Driving times, AVORAVOR2
and filling times

3.2.3 Robustness

The time interval between two customer dissatisfaction eviemte/hich train drivers areresponsible
indicates how robust the planning todin drivers @ctivities is In SBB this information is available
through the EFA system, which records the details of every deviation from the planned s@&eario
usual Adi ssatisfaction evento t hat cantallgtions.dcerur f
the forthcoming considerations, it can be safely assumed tbhat, the customer'perspective the

reason is natelevant There is currently no reference in similar projects or in the literature that evaluates
the customer perspectimsed on data about a part of the service production (here specifically about
the service of the train drivers).

The KPI used to evaluate the Rob MsanTimeBstweenf t
Failures (MTBF) i.e.the elapsed time between inherent failuka systenthere crew management)
during normal operation. MTBF can be calculated as the arithmetic mean time between failures of a
systemwithin a reference time period, and it is adoptedhemRAMS analyses. RAMJReliability,
Availability, Maintainability, and Safejyarecommonly used in engineering to characterize a product

or systemin terms of operation at given conditions.
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For what concern the customer perspective, EFA dafarae months Jun®ctobershow that the
events affecting the normal operatimight have atochastimatureand not depend on systemic errors,
e.g, on wrongtour planning.This must be however confirmed through the analysis of a larger dataset,
which may dow for a seasonal analysis as well. From3meonthsdataset, A% of the records referred

to differenttours i.e. thedelaycancellatiorevent happensnly one timdor a giventourin the reference
period 15%of the records iseferred toevents that happen twice for a given tour.

% of times EFA reporting pro tour
JuneOct 2021

100%

80%

60%
40%
20%
- ] —

1EFA 2 EFA 3 or more EFA

Figure 4.number of times a EFA reporting for a given tour has been
submitted
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Figure 5 Number of depots that have at least one event per month
compared with the number of reported EFA

In figure 5, the number of depots that have at least one event per month is shown, and the trend is
compared with the number of reported EFA. The month of July has been the best month in terms of
number of events related with delays and number of depots whichdmeoréed a delay. The two trends

seem quite similar, and this suggest that there is a correlation between the two trends or that might be
an external factor that affects the two trends (e.g., operation through seasortabtg)so means that

there is no specific depot that works better/worse than the other.



Figure 6 shows he depots that have reported more than two events per month in all the considered
months. It is worth to remind that/o events per month are necesdarycomputing the MTBEMean

Time Between Failuredpr the specific month. As it is possible to see and to immagine, there is a
correlation between the dimension of the depot/station and the events that occur. Zurich reports the
worst MTBF in all the moths,second place fdasel, Geneve and Lausanndichhave similavalues.

MTBF- JuneOct 2021

selection: only depots with EFA reports in all months
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Figure 6. MTBF computed for those depots which have EFA reporadl
months of the reference period

3.2.4 Job Satisfaction

Job satisfaction has been evaluated through a specifieystor the entire train driver categoiy
SwitzerlandThe main steps for the surveyds design are

1. First exploratory phase.

In this phase a first definition of the variables is given. This is often performed through prior
analyses ocollection of information, also in an unstructured form. The next step is to select a
probe population for face interviews with open questions.

2. Pre-Test phase.

In this phase the macro topiokthe survey are identified as well as the aspects pertaiagiy e
macro topic. It is worth to mention that there might be aspects that can be relevant for more than
one macro topic; in this case it is essential to clearly state the question about that aspect by
including a reference to the macro topic. After thisgeha first version of the questionnaire is
developed.

3. Preparation.

In this phase, the questionnaire is subjectetdoew, implementation and revisigrocesses.
Differently from the other phases, in this phase all stakeholders (e.g. planners, adiomistrat
managers) are involvaghtil an agreed fornof the questionnairis reachedClearly, together
with the questionnaire also tf@lowing elementsare shared

a. definition of the aim of the research,
b. explanation of thguestionnaire.



c. preparation of appiations.

Within the different methods for evaluating job satisfaction (Lepold et al., 2018; Gambacorta et al.,
2012), the % of satisfaction perceived® has been choselts formulation in theoresent work takes
inspiration from the Workshop with Swgidnternational Airlines, whose details are in the following
section 3.2.1.5The workshop showed similar conditions for job satisfaction evaluation, especially when
comparing European flights and intercity routes in Switzerland (e.g. LauZamicg). This KPI isalso
proposed in job satisfaction and customer satisfaaji@stionnaireso indicate how far the current
satisfaction level is from the maximum satisfaction l€tAgdhmann, 201 Specifically
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Where:
C =Macrothemes
n= number of answereceived for the specific Macro theme.
W=Weight ofa givenMacrothema
G=Mi n k o whAv&ragé distancéwith _ p)

The SDR (Sum of Weighted Distances) index measures the distance between the ideal conditions for
being completely satisfied and the perceived satisfaction, at the moment of the survey. The distance is
measured through th®link o ws ky 6 s Av e whach & a ddaneyalized formulation of the
distances. The parametercan be either 1 or 2 and it returns the Manhattan or the Eulerian distance
respectively.

The answer rate has beean 20% (480 surveys have been completad)ich makes this survey a best

case in the fieldThe satisfaction has been evaluated as % of reached satisfaction, where the extremes
indicated complete dissatisfaction (0%) and complete satisfaction (i.e. 100%). Two areas were
identified, the first ivetween 0 and 69.67% and identifies the area of dissatisfaction. In this area, there

is no aspect rated positively, but drivers may be more or less dissatisfied. The second area is between
69.67 and 100% and it identifies the area where there is a [zatisfction. In other terms, a lower

value but still close to 69.67% may indicate dissatisfaction that with a small effort can turn into partial
satisfaction, and the more the satisfaction is close to 100%, the less there are aspects that generate
dissatsfaction. For the abovenentioned journeyfour macro topics have been identified: Tour
composition (e.g. set of activities within a tour on a generic day), Tour sequence (e.g. tour planning on
a weekly basis, free days, work life balance), Disposition (e.g. communication of the duties, of the
modificationsto the planned services), Working environment (e.g. workload, stri@ssllts are
represented in figure 7.



Satisfaction per macro topics

100.00% |
95.00%
90.00%
85.00%
80.00% — = = = == = == = == - — — —— = ===
75.00%
70.00%
65.00%
60.00%
55.00%
50.00%

Tour composition Disposition Tour sequence Working environment

Partial satisfaction/dissatisfaction area 1 Dissatisfaction area

== = Qverall satisfaction [%] mmmmms COmplete satisfaction

Figure 7. % of Satisfactiodeduced from the survey perforntestwea
March andApril 2022

One of the min outputsfrom the surveys the identifcation ofthe aspestthathave an impaabn job
satisfaction This aspect has been considered for the definition of possible leverages towards the
enhancement of job satisfactioB8pecifically (between brackets the weight of each macro topic
contributingfor the general satisfactigin

1 Tour composition (0.293) Potential enhancemenbf job satisfaction can come fror)
increasing the variability of routes and train types within the driving tasks assignment and 2)
time of the day of the tour (early or late tour)

1 Tour sequence(0.264) This topic can contribute to the enhancement of job satisfaction by
increasing 1) theansideration of the tasks compatibilityth private life / family and 2) the
real lest between two tour sequences

1 Disposition (0.277) Main aspects refers to the communication syst&mblancements of job
satisfaction values are linked to an increasel)othe communication speed regarding the
modifications inside a tour (tasks) or in a tour sequence, and 2) of the possibilities for tasks
exchange also regarding specific wishes from train drivers

1 Working environment (0.161) Aspects that can potentially enhance the job satisfaction are 1)
a balanced workloaand?2) the workplacdayout.

Thesurvey results have been subject of deep cluster analyses. As expettetirogeneityf working

conditions and private lifeonditions/preferencesf eachtrain driverdoesnot allow to clearly identify
a set of clusters. However, among the clustering options considered, dmesedclustes showed
different preferences between young and old train drivers. An example is repdigenldar8, in which
train driver®preferences about routes and train tygresreported by clusters.

Specifically, within the tour compaosition and in the tour disposition, the young people are more satisfied
of the current condition, for what concern tinda®iensioning (specifically, correct dimensioning of the
times for train preparation), are more willing to accept variations and are less stressed than older train
drivers. On the other hand, they are more interested to learn new routes and to drivanse{sde

figure 10) than the older ones, mostly because the older train drivers already have a wide knowledge of



the routes. From these results, it is reasonable to enhance the knowledge transfer policies to speed up
the learning phase of young drivergaeding different routes/train types.

1
Wish for more knowledge about routes
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m Yes | would like to learn more m No, | know (almost) all mno | don't want to learn anything more

9 Figure 8. Train drivers preferences about routes and train types

3.2.4.1 Workshop with Swiss International Airlines

It is worth to mention that, within the project activities, a workshop with Shwtesnational Airlines

has been organized. The main aim was to identify possible similarities and/or affinities in the definition
of productivity KPIs. Results show that SwissHAs a similar approach to productivity and its relations

to robustness andlcsatisfaction concerning the cabin cockpit crew management.

Specifically, the most important KR$ the rate betweelCrew block hours ¢BH) and Full-time
equivalents (FTE)Crew block hours are computémm brake release from the gate at the departure
airport to brakes set and main cabin door open at its destin@@#hincludes alsthe Flight time i.e.

the timefrom the wheel leaving the ground to the time they touch back .dBlight time can be
assimilated to driving time in railway. Ghorthaul fights, the planned rate between flight time and
FTE isabout 30%under normal circumstances (for comparison target SBB: driving time / FTE about
50%).

Robustness in operation is evaluated by Swiss IA thrdtlgkibility concepts. In other words, an
increase of flexibility in operation means an increase of robustness because the capability of the system
to absorb the operation variability also increases. This is pursued through a set of measure such as:

- For every 3 vessel units of an aircraft type rdserve crew must be scheduled to ensure the
necessary robustness of the flight plan.



- Reserve capacity in particular and crew capacity in general are planned per aircraft type and
airport type (proficiency).
Reserve time can be spent by crew members aghatthe end of a reserve shift, an assignment can

be scheduledZurich is the general home base for all SWISS pilots. Travel (e.g. from Geneva or for an
assignment in Geneva) will be charged via expenses.

Job satisfaction is related to the work schedulit the beginning of the year (but also during the year)
requests can be entered, which are allocated algorithmically by the personnel ptaanint is
important to know how many employees with the same or a similar request profile have already been
scheduled for missions corresponding to the request profile. In addition to the desired profile, there are
many other factors such as statutory or collective agresroamorking timerequirements, fatigueness

rules, skill requirements, etc. that are adased. The degree of wish fulfillment (with the wish profile

as a reference value) can be shown as a mathematical value.

Swiss IA computes the mathematical evaluation of job satisfaction as degree of wish fulfilment on duty
scheduling. It has been howewdarified that enployee satisfaction is an objectively difficult quantity
to grasp, since it means something different for each employee



325 Desired state Ato beo

SBB's productivity targets are currently very ambitious and will remain so fattive. One reason for

this is the decrease in demand due to the Corona pandemic. This has hit SBB severely in financial terms.
Despite the current recovery, it is uncertain how long it will take before there are again as many
passengers as before the pamdt. This is likely to take several years.

To alleviate the situation, rail production and thus locomotive personnel are also expected to make a
contribution.Figure 9 shows the ambitious productivity targets.
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Figure 9. forecasting trendsegarding SBB productivit$ource: SBB
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However, optimizing productivity cannot be done in a separate way from other essential performance
characteristics. These include the robustness of the operatiorh@nmdotivation of the personnel
involved.

By improving robustness, it should be ensured that the effects of disruptions do not propagate
unnecessarilyand delays can be minimized. This can save costs and improve customer satisfaction.
In order to remain attractive as an employer, it is important that the satisfaction and desirésiof the
driversare taken into account in the optimization procesthifnway, the attractiveness of the profession

and the company can be increased, and high costs due to fluctuation can be prevented.



Since these three topics are in conflict, it is important to find suitable measures that do not disadvantage
any of the thee topics.

4 Action piladhentnigfi cation of the p
enhancement

The main targebf the action planing is to identifythe mainareas in whichapposite measures can
enhancéhe current statef the systemThe current state of the systéias been described through KPls
train dr i v e rokuétness ofahed opetiory goth satisfactionThesethreetopicsarein
conflict to each otherandtherefore actionscreagng one of the three without decreasing the other two
have to be identified

Starting with productivity aspéxit has to be stated that current productivity can only be incréfased
the available resources are lowered. The common notion of productivity is
L. QOPOO

AAT A )T BOO
The output cannot be increased as the number of train rides is fixed by the timetable and assumed to be
not negotiableln this context the available inputs are the resources from the train drivers, i.e. their
available ime to work. Howeveras mentioned above, the availatiee is divided into time to drive a
train (ALenkzeitod) and alohthednéhand artd brea& timkat @al s t o |
not directly related to &in rides. The latter amount ofrtéeshas to be reduced as this time is not given
by the timetable but due to rostering activities

001 AODAOE

Two different dimensions of productivity have to be considefigdvVhat is the planned productivity?
And (ii) what is the realizegdroductivity?

| f pl anned productivity i s i ncrredizedmoductivityiss do e s
increased as well: Assume thatailable buffer times are shrunk during planningtta@ activities.
Thereforgthe planned productivity is increasirtdowever, the risk of failures is increasing as well, as

the decreased buffer times necessitasehedulings and+m®sterings in daily operatiohlowever, these

disposition decisions are at most as good asplimized planning, usually the realized productivity is
henceaffectednegatively.Hence, a natural decomposition of the apatl/productivity into strategical

and tactical level isensible Regarding the productivity aspectwotmain types of enhancemertan

betaken into consideration:

1) increaseof productivity within the planninghase(strategic level)i.e., increasehe shareof
planned driving timavith respect to the overall available time

2) minimization of thedifferences between planned andalized productivitytactical level) i.e.
increase the driving time during operatiomrmeet the expected (as planned) performances.

Regardinghe second typef enhancemenit has beershown thatthe difference between planned and
realizedproductiviy is mostly due tahedisruptions that occur during operation (heavily delayed train,
cancelled trains)which lower the driving time value and let the AVOR 2 value grow due to train drivers
transfers.The reasons behindisruptions may vary and mayt depend ortraind r i vaetivitees
Increasingthe robustness therefore means, that large train delays and train cancellations have to be
avoidedas far as possible in order poevent reschedulings andnesterings. However, #n incident
happens,then reschedulability and resterability should be high, meaning that resources are
geographically and timely flexiblézrom a management perspective, the train driiverss hi ft pl ans
tours have to be designed in such a waytitreg buffersand flexillities are manageablend useable

if needed.



The robustnegsasthusbeen evaluated througihe MTBF(mean time between failureispwell-known

and widely used value in manufacturemgd service operations managembnthe context of train rides
theMTBF is a measure indicatirige time betweetwo rescheduling/reostering eventsither inside a
depot (crew view) or of a single tour (tour view). A IMTBF valueshows, that either in a depot (crew
view) or on a secific tour (tour view) a disposition decision has to be made. In the context of tours,
Ari skyo tour sif theaMTBFovalueiisdogvim the ¢ontextdof crew views, the needed
flexibility of the crew is measuredgain,a low MTBF showing a hig required flexibility for crew
members on dutylt goes without saying that frequent rescheduling means that more crew resources
have to be kept availabléa highemumberof resources is not available then only two general measures
can be taken intocaountto increase robustnegs) the flexibility of the train driversnustincreaseso

that a single incident can be dealt with by many different méaadapted to the situatiohhese
measures are on a strategic leyg). the variability of failuresmustdecrease, i.e. the number and
amount of reschedulingrocesseswhich are directly connected to the number of taskse performed
during a dutyThis view is on a tactical level.

The job satisfaction KPIs show a partially satisfying working condition, which can be enhanced through
specificleverages in each component (i.e. macro topicgording to what has been already identified
through the survey on job satisfactidwo mainareas for enhancemeate thereforeconsideredThe
first regards the variability in the tasks that compose the(toua strategic levelwhich is a priority to
train drivers and the second refers to taspects related ttommunication of tasks (i.gounctuality,
correctnessdetail level, etg, within the Disposition topi@and thus on a tactical levdbealing with
those communication issuskallreducesome of the aspedike stressandtime pressurand therefore
enhancgob satisfactiorof train drivers Moreover, the robustnegsterms of flexibletaskassignment

is addressed as well.must bementionedhat the technological component playpsm@aportantole, i.e.
modifications on the planning and rosterimg a strate@i levelmay not bring relevant enhancements
if on a tactical level the measures are not realizable.

411 ncreasing ftlheex iobhielmatigyh depiot groups
Strategic | evel

In the introduction of the previous chaptififerent measures on strategic dadtical levels have been
introducedand the relationship between them has been shown. In this chapter, a coupéswfes on
a strategic level are identified and discussed in detail.

Through the EFA reports the train delays and train cancellatons due t r ai n dri ver sd a
been selected, and the MTBF has been therefore calculated. Results show that the deviations from
planned conditions are most likely not related to the planning process of tours and of the rostering
processBy analyzing tle motivations of delays due to train drivers, it has been noted that the most
frequent reason for delays is due to communication failures (e.g. incorrect information on: parking place,
departure time, transfer connections, etc.). Moreover, according tantigzed EFA dataset, it is

possible that some external factors associated with the operating conditions, such as seasonality, can
affect the number of reported trains cancellations/delays. However, this consideration must be
confirmed through furthan-deptanalyses of a larger data setpunctuality of train operations

Thereforethe current SOPRE system wigbals and requirements to be nsed solid systemegarding
robustness and planned productivitycreasingob satisfactionhoweverwithout decreasing planned
productivity and robustness therefore a very hard task, if tbenditions to be metannot be relaxed
In the current system, i.e. within the currantelaxedcondition setnew strategic improvements to all
threedimensionsare assumetb give onlylimited benefits just marginal benefit$n order to generate
additional benefitdrivers beyond the current borders have to be folgemtifying drivers to increase
any of the three dimensioistherefore equal tmentifying relaxationgpotentials i.e., conditions that



are not harcut, in some way negdiable. The following proposals oimeasures are considered and
discussed in more detail:

- From single depot tflexible depot: The key idea is that all or at least a large group of train
drivers are not assigned to a single depgimorebut toa group of a few depot¥his measure
shall increase the flexibility and hence increase the robustnesgsb satisfaabin.

- ldentifying good individualizedtours: The key idea i® identify a good mix of variable tours
so that on a daily basis as well as on a monthly basis a good mix of tours is provided to all train
drivers. This measur@ms directly to job satisfacticand increasess o d gol €atssfaction.

- Individualizing buffer break and AVOR times: The key idea is to individuaheeded times
to perform certain nodriving activities Behind this idea is the goaliticrease job satisfaction
as well as increasbe productivityindices asnon-driving times can be reduced.

4.1.1 Flexible depot allocation

A long-termaction is foreseen in the transformatiorttud tour assignmenfsom a depot concept to a

depot group conceph depotgroupis composed by two or more depots which hauges and train

types in commormnd for which the travel time between them is small eno@hrently,atthe planning

level, it is assumed that radrivers inside a dephavea general knowledge of all routes and train types

that start and enat thisdepot. However increasing the flexibility inhe depot allocation for train drivers

opens a poodf larger resourceat the planningtage toassignall tasksto a broader group of train

drivers.lt is, though, requirethat train drivers do not have a single depot as it is the case mostly today.

Some legal issues havelte clarified beforehanidhowever, the survey showed that a fixed assignment

of a train driver to a single depot has the second lowest weight (out of eight). Hence, it is concluded that
the resistance to relax todayédés fixed depot all o

In paticular, it would have to beefined whether a tour for a train driver has to start and end at the same
depotand whether or not a sequencdafrs (e.g. a 5 day shift) has to be assigned to the sameatlepot
whether start and end depot are completede inside the depot groujor every single tour.
Nevertheless, this increase of flexibility assumed to increase the robustness dirastlpng as the
buffersremain the same (see next subsections)

Moreover, agnosttrain driverslike variation in th& tours and dutiesthis measure helps to increase
job satisfaction. It is assumed (however not provedtheat)the variety of route rides is increasing for
the train drivers.

Given the route and engine knowledge of titan drivers, this flexibilizabn aims to increase two of

the three dimensiongob satisfaction and robustnessore in-depth analyses have to be made in order

to decide vether or not productivity increases or decrea®e key question isilow productivity in

future is definedOn an individual level, the productivity can decrease, if transfer twvites the depot
grouphave to be paid by SBB. However, both planned and realized depot productivity can increase, as
the same amount of workytput)is achieved wittprobablyless input resources.

As an exampleDepot Zurich and depot Winterthur are considered. In both depets are train drivers
able to drivebetween the 4 routes that conngatich to Winterthurand beyondFlexibility can be
enhanced whenhesetrain driverscan be optimallyshared and jointlyassignedto these routes,
disregarihg the depot thg belongto (See figurel0).



S-Bahn Long Long Distance Sum

[#Line/d] Distance [#Pers/d] Required
[#Line/d] personnel

Winterthur 13 1.93 dzAF:{t;?Sit /d 5 2.2i d %t /d 5
Zirich 22 S3JdAbetid 14 6{;’@’ d 1
Clusterw+z [ 35  >23¢fc0atd 19 8'5f)d%t fd 15

Figure 10. Example of depot clusmancept applied to Winterthur and
Zurich. Redution of personnel requirements is highlighted.

The depot group concegltould transfer thiocus fromsingledepotconsiderationto agroupof depots
Well-defined cluster criteridnaveto be found thoughSome criteriacould be:number of routes in
common,rolling stock types in commortravel time between twdepots geographically nearness,
languageetc.

Productivity . With more flexibility there is potential for a better planning and assignntiens for an
increase of theoverall driving time share i.e. a more efficient use of resources (see figure 11)
Neverthelessindividual driving time shares could decrease as well. A productivity ifmlex single
train driver is not recommended anymgdtédas to be replaced by a degobupproductivity index

Depots Planned tasks Required personnel

2L dils:glr?ce Ll di;?anr?ce I

Winterthur 13 5 2 3 5
- Efficiency 97.5% 75% 84%

Ziirich 22 14 4 7 11
- Efficiency 82.5% 90% 87%

Cluster W+ Z 35 19 6 9 15
- Efficiency 87.5% 95% 92%

Figure 11. Example of depot cluster concept applied to Winterthur and
Zurich. Highlight on a more efficient use of resources

Robustness With the depot group conceplelays and cancellationssult from the sum dhe cases of

each depotOn the othethand,there are more resourcasailable and therefore more flexibility to
reschedule tasks among train drivensshort noticeand there is potential for faster intentions when

a disruption occuren the tactical levelAt the same tim& must be taken into account thegferring to

the example abovdhe substitute driver in Zurich may come from Wintertihile robustness
increase®n a tactical levelspecialattention must be paid aobustness issues thie strategic level.

Time buffersto alleviatetreatments oéveryday delayareplaced inside tours eitherintentionally or

by chance If those time buffers are reduced as well, then it is assumed that robustness on the tactical
l evel wildl decrease, as t hthe potantal rsks of aad beihd ablexto b i | i t
cope with certain delays. It is theref@teongly reommended, that placing and usage of buffer times is
bothintentionallyplanned andeasonablynanaged.



Satisfaction With the depot group concept, the satisfaction increases since there igannbpgity in

the assignedasks There might béncreasingcosts for completing the shared knowledge of roates
trains (i.e, a part of the tragkon whichsome drivers of a given depot do not usually drivé)s might

i nterest only s o mesomerseldctad raltes serneed vepfealigtraiotypess a n d

4.1.2 Individualized tours

The current planning steps consider the timetable definition, the rolling stock assignment, and the crew
management as three consecutive activities, positioned in this seq8tartieg from the survéy

out come t hat t r a irepeatatlly, imenetonsus skifts nad maturdl duédstion on
individualization possibilities arisess it possible to state some individual preferensesthat at the

strategic level shift planning can be individualizdd? s questi on i s highly mot]
outcome, that 2/3 of the train drivgysefer attractive tour® highersalaries.

Behind this question are two relaxations that have to be rkadg:the shift planning process has to be
changed slightlyastours have to be directly assigned to individual crew memdosiisnot to crew.
Given thenecessary computer support fmmtomaing roster decisions, this process adapti@ems
feasible, yet has tioe well analysed in detaMoreover,a system tdhand in individual preferencéms

to be built Secondjn SOPREor similar systeman adaption in tour composition has to be métde

of crucial interesto composeénteresting toursi.e, mathematicly expressedan evaluation function
has to be developetihis evaluation functioassasesa tourin terms of variability. The more variable

a tour is, the more attractive this tour istioe train drivers. Theask in rosteringrad a task in strategic

as well as in tactical planning is then to assidralance of attractive and less attractive tours to all train
drivers.

One main reason for delayed or cancelled trains due to train driver errbre is ti maor detaged

t r a n.df fthe nuinber of transferfor train drivers can be reduced, then realized robustness will
increase and hence realized productivity will increase as Retlucing the number of transfass
howeverrunning counter tincreasing the attractivenesstours.Hence it has to beexaminedhow a
reduction ofthe number of transfers affects the attractiveness of a tour.

It has to be noted thétis system of individual preferences is aniopsystem Train driversare able to
set individual preferences, yet thare not allowed tdeselect certain preferencéghe latter would be
allowed, thenfeasility i s n 6t e n s asrthe det chaonstrainitsgetting smalletdence the opt
in preference sednsures first feasibility of the solution and then among all possible solutitosta
preferable solution for the train driverssislected.

Individualizing tour preferencesan be implemented invo steps: (ijan attractivenessinction has to
be inventd, so that attractive and unattractive tours can be recogifideddividual preferenceare
then set by weights (factors) of thaitractiveness function.

Productivity : Neither the flexibility nor th@umber otrain rides is affected with this preésrce system.
Hence, both planned and realized productivityexqgected to remain the same as without any preference
system.If the number of transfers i®ducedthen it is expected that both the planned and realized
productivity increases.

RobustnessAtfirstsightr obust ness i sné6t af f eGntdrdiegicevettmei s pr e
buffers are not affectednd hence it i@xpected thatobustnesss n 6 t  d embile plansirig.Rog

coping witheveryday delays, is importantthat o bu st ne s s i s du@ to digsatisfactiomg af f
of train drivers. Hence communication of tasks and transparem®gcisions is important (see below).

Job sdisfaction: The measure implements preferences whichisbenef it i n compar.i ¢
system. Hence an increase in satisfaction is expedtdever, communication of those preferences is



crucial: It is not a system, where each train drilvas an attractive tour every dayit is a social
optimization Anotherpoint to keep in mind ighe robustness link: If agin driver has planned attractive
tours but las been assigned to unattractteers after rescheduling and-mestering during tactical
phases, then dissatisfactiormight happen. Therefore, it is importdraw both planned and realized
toursare communicatednd how the decisidnas beersupportedlf the number of transfers sightly
reduceadas well then it is expected thaib satisfaction will remain the samewill even increaséess
stress while executing the transfafpwever, if the number of transfers is so low, that a train driver
seldomlyor neverchanges theolling stockduring his/her shiftthen job satisfaction will decrease
significantly.

4.1.3 Individualizing non-driving times

Previously productivity has beerxpressed athe quotient between outputs and inputsti#esoutput

is assumed to be fixed by the timetable, the inpat® to bdowered in order to increase productivity.

Instead of introducing more flexibilitgmong crewgsee4.1.1.)the individual nordriving timeshave

to beadjustedlf the duration of those tasks candieunk then productivity automatically increases.

From the surveyb6s out c o medriing timesare getcarrecdyaor iftheh et her
duration is too long or too short. Howeyitere might be a potentied individualize those timeso that

productivity can be increased.

From a computational point of viewndividualizing task timegs very hard to introduc&.he duration
is not a fixed value anymore, bdépendent on thimdividual train driver that executes the ta$ke
mathematicaprogramis therefore more complex and computer support is expectedqrauiol)slower
andthe quality of the sygort could bereduced as well.

Productivity : Shortening ofask duration will automatically increase asmidening of task duratiowill
automaticallydecrease the productivity. As tkieirations can be set by the train drivers themselves,
plannedproductivityis individualized as well. It is assumed that planned productivity will decraase
mosttrain drivers would increase theimsk duration However, realized productivitis assumedo
increase, adelays caused by train drivers are assumel@toeasel ate trains or train cancellations are
thereforereducedlIn a later project is has to be proved tllais measurérings planned and realized
productivitytogether.

Robustness Shoteningnon-driving timeson the first handomes with the riskf delay prgpagation

If some tasks are shortenédenbuffer times are shortened as weltreasing the risk of delayed trains
or even missed trainklence, robustness is affecteal both the strategic and the tactical le@h. the
other hand, nowriving timescould also be increased (slightly) has been reported that train drivers
do this alreadyd f o r if theyetlen& theirindividual plan is oo tight. In that caserobustness is
increaseds variable execution times of differentdagsan be better absorbed.

Job satisfactiont At first sight the job satisfaction is not directly affectad nordriving timesusually

do notcorrelate to tour attractiveness. However, too stasit duration at a strategic planning phase

might cause stresturing the execution. For woiliie-balanceof the train drivers it is most important

that the stress level lswered. The survey clearlyiewed, thatnany train drivershink aboutreducing

their workloaddue to stressThe nostlisted subjectfor experiencing stressasii p| anned dur at i
t i gAghip communication plays an important role héfré is expected from the managementttha

durations of nordriving tasksare reduced, then job satisfaction will decrease htiwever, the
individualizing steps a true individualization for increasing job satisfactaom worklife-balance of

the train drivers, then this measure might incedhe satisfaction level.
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On a tactical levekhe plarmustbe realized. However, dt@someevents outside and insitdeesystem,
trains get delayed. This causes problems in the daily disposition of train ddgace theminimization
of the differences between planned and realized productivity (tactical teusthe pursued.

The tour planningand assignmennirocesss atwo stepsprocess that sequentialfenerates(1) tour
scheduling, an€R) roster planning. Aour starts and ends in a crew depot and describetigecutive
tasks for agenerictrain driver For each day, a set of anonymaooisrsis generated. Rosters prescribe
how to assign the anonymotaairsto train driverson consecutive days

Tour planningand assignmerdffects theperformance characteristics in the followithgoreticaway:

1 Productivity targets arenormally definedthroughduty schedulesTherefore a duty schedule
istheoreticallymore efficient when fewer duties are schedulexpierate all task3.his however
does not return the expected results in practice. More tasks to be done means also more transfer
times and morerobabilitythat something goes wrong in the execution of the planned services.

1 Robustnessof traind r i vdetiess iée., prevemp the propagation of delaysavihe duty
schedules, depends on several elemevtigsh are normally referred to additional resources
i.e. time, personneletc.,andtransfers which are directly connected to the number of tasks
within a tour Robustnesss often addressed in the crew duty scheduling problem by using
constraints. It is hard to define a value to robustness, which can be optimizkdwitierclear
that either buffer time between taskspare dutiesor fewer but longer tasksill limit
propagation of delayéut, atleast in the first casé¢he time productivity decreases)

1 Thejob satisfactionfor the tour planningertains the qualitative aspeofsheschedulediuties
perceivedy the crew members. Thisaddressed via labor rules and company agreentikats,
the amounbf variation in the dutiesn therosterplanningthe quality of work can be measured
by computing the numbexf preferred and nepreferred patterns of consecutive days of work

Given he aforementioned assumptiortfieanalyzedata showhatthe performance characteristics are
affected by the following

Productivity targetsarelargely affected by the number of cancelled trains andegond place, by
delayed trainsFrom the data analysis, thevents might be not directly related to the timetable
construction

Robustnessmeasuresi.e. reserve times, buffer times, etan beeffective forthe delaysthey are

planned forThis means that large delays are managed ditilgrem. with rescheding and rerostering

for the affected tasksluties. It is therefore to consider the number of reserve times or buffer times
dedicated to each task, i.e., the number of tasks, as possible variable for increasing/decreasing
robustnessThe less the tasks, the more the robustness and vice versa.

Job satisfactionis mostly affected byhe variability of tour sequence and of tasks within a toufhis
has been also highlighted in the free text answansre42% of the answersorrelated taequests of
more variation in train types and routesa. 40% of the total answers receiyvagked explicitly less-S
Bahn services and moleng-distance toursor even a good mix between the two.

Based on théheoretical assumptions and the analyses of real plaductivity results can be improved
if the robustness of the tour planning and assignmex$dsimprovedsee strategic leVidast section)
Tour schedules and rostesshich allow for quick recoversnay have a positive effect to productivity.



This bring to the following points, which are worth investigating.

1. Longer tasksnay lead to more stable operation and better reJiits might als@onsideless
plannedime used fotrain preparation (AVORIL With lessbut longeitasks within a tour, also
the amount of information exchanged between the planner and the driver is reduced. This
impact positively on the number of delaysneratedy wrong/missing information, which is
one of the main motivations reported on EFA.

2. Through a weighted functidn the tour planning, the tour can be therefore composed so that a
good balance betweenB&hn and_ong-distancerain is achieved

This might be dacticalsolution that would allow enhancirtirectly robustness and job satisfaction,
andindirectly produtivity KPIs, through the minimization of the distance between planned and realized
performances

Together with the previous consideration on the analyzedath&r points that go in this direction are
worth mentioning. Specifically, from the job satisfaction survegsults that:

1. 36% ofthe answersdicatesthatLocomotive personnabould prefer to work in consistent tour
patterns. That means, for example, only early tours or only late Thisswish could have an
influence on productivity. On the one hand, better planning could be possible, since less
attention would have to be paid to changing tours from, for example, late to early. On the other
hand, productivity could be increased by feweos and thus delays / cancellations caused by
locomotive personnel, since they always work at a certain time of day.

2. In general, locomotive crews would like to be assigoodgdurs as early as possible. The survey
shows that for the right price, itdmiite possible to communicate the scheduling later. This could
have a positive impact orobustnessin terms increased flexibilityas bettereplanning
becomes possible.

For this solution, ann-depth analysisith simulation of tours and tour sequences is foreseen, to
eventually confirm the conclusion here reported.

4.2.1 SOPRE T New model for tour planning.

In the tactical level, a new tour planning model which includes a weighted furatitme train types
within a tour and newme redistribution wherémeis more needed suggested.

The maindirect benefitsare identified ina more robustour plan and in higher satisfaction of train
driver. The first aspect, according to tthata analysis should positivedffect the productivity of train
driver, becaus&PIs values mostly decrease when delays and cancellation occurs.

Cancell ation and del ays are not necessarily 1lin
performancesFor the planning sidehe only action one can take is to make the crew management
process more robudh other words, to make an example, the optimization of the duties for increasing

the driving timesnay affect less than ensuring that the culygpianned drivingimes areexecuted.

The costs related tthe implementation of thisneasurecan be limited to the planning teamThe
additional timeeventuallyto beplannedwithin the tour planning, must be evaluated throagn-depth
analysisand/or through tour simation



4.2.2 Best practices in Switzerland

Within the activities of data analysiegarding the survey on job satisfactiordifferent behaviour in
the answerbetween different depots can be found. An example is givandlyzingthegroups Aarau,
Basel, Olte{AA-BS-OL) and the group Lucerne, Arth Golda&dug (LZ-GD-ZG).

The indicators considered show a different behaviour between the two groups. In particular, the group
AA-BS-OL adheres more to the general statistics. The grouBDZZG tends to be more satisfied with
the current tour and deployment plann{sge Figure 12)

Abwechslung bei Strecken IST - Zustand

AABS OL 12%

0% 20% 40% 60% 80% 100%

Abwechslung bei Zugtypen IST - Zustand

LZ GD ZG 50% 9%
AABS OL 37% 4%
0% 20% 40% 60% 80% 100%

1zuwenig ®m2gerade richtig ™3 zuviel

Figure 12. Train driversevaluationaboutcurrent variability ofroutes and
train types

Possible reasons for this differdrghaviorare that
1 The servicesffered in the region are differently attractive.
1 The communication between the locomotive staff and the manager in the depots is different.

1 The locomotive staff in the depot cluster LZ GD ZG is used on variable routes and trains while
in the depotluster AA BS OL they are used on uniform routes and trains.

These differences suggest thaurther investigatioato identify the key aspectsvhichallow enhancing

the productivity indicator together with the robustness and the satisfaction adrieirs areneeded

Through a deep analysis of depots groungicatorsc oupl ed wi th results from
satisfaction surveyt is possible to identify and isolatiee best results and mareasosthat allow these

results. In this way itan be possible to defike key aspect®r tour planning and rosterirthat can

bring to productivity enhancements withautgatively affecting robustness of thervices and job
satisfaction.



5Concl usi on

In this project reporthte identification andevaluation of optimization potentiafer train drivers
productivityby including train driver and customer perspectives, such as job satisfaction and punctuality
into productivity objectivefias been presented

The identification of potential leverages thpositively impact on the three dimensions have been
deducedrom thegapanalysis between the current state and the desired state, whichdadlentifying

which aspects may contribute to the system improvements and to which &¥gestarted from the
assumption thahe simple interactions between two of the three dimensions may not give information
about e. g., t he tr ai n edschéduledrtasks, the axpeictedfsandce quality r e |
related to the timetable, or the efficient/inefficient use of human resources.

Operators6é perspective is here considered throuf(
must be as small as pddsi. These costs directly relate to the number of train drivers needed to operate

the schedules. In this aspect, a tour sequence is more efficient when fewer tours are scheduled to operate

all tasks. Next to the number of tours per day, an indicator écgfficiency is the average driving time

within a duty. At SBB, this is about 50%. The remaining time is spent on other tasks, which can be
directly or indirectly related to the driving activity, or be unproductive (e.g. holidays). Because the
amount of wak is given by the timetable, a higher percentage of driving time means that fewer tours

are scheduled.

Customersb6 perspective is seen as the perceptiol
train services. The main aspect to take into @@rsition is that customers do not know whether the
delay/cancellation of a train is due to crew management problems or to other problems related to other
processes, e.g. traffic management, rolling stock failures, etc. Since the evaluation of robustness in
general terms is out of scope for this project,
The robustness of the train driversdo duties, i
depends on several elements, includimgtransfer times of the crew when transferring from one train

to another. Robustness is often addressed in the crew duty scheduling problem by using constraints. It

is hard to define a value to robustness, which can then be optimized, but it is cléaffdratime

between tasks on two different trains will limit propagation of delays.

Train driversd perspective is here evaluated as
their job. This is addressed via labor rules and company agneenie example, on the amount of
variation in the tours and in the tour sequences. In this section, some examples of indicators, used to
determine the level of satisfaction within the train drivers are also presented.

From these assumptions a set of meas have been proposed, both at strategic and at tactical level.
Specifically

1) Increase of productivity within the planning phase (strategic level), i.e., increase the share of
planned driving time with respect to the overall available time,

2) Minimization of the differences between planned and realized productivity (tactical level), i.e.
increase the driving time during operation to meet the expected (as planned) performances.

It has beemlsoshown that the difference between planned and realized pidtuis mostly due to

the disruptions that occur during operation (heavily delayed train, cancelled trains), which lower the
driving time value and let the AVOR 2 value grow due to train drivers transfers. The reasons behind
disruptionsmayvaryandmayot depend on train driversé activit
means, that large train delays and train cancellations have to be avoided as far as possible in order to
prevent reschedulings andn@sterings. However, if an incident happeahgn reschedulability and-re
rosterability should be high, meaning that resources are geographically and timely flexible. From a
management perspective, the train driversd shift
time buffers and flexiltities are manageable and useable if needed.



The robustness has thus been evaluated through the MTBF (mean time betweenifailedsinown

and widely used value in manufacturing and service operations management. In the context of train rides
the MTBF is a measure indicating the time between two reschedulirggtering events either inside a

depot (crew view) or of a single tour (tour view). A low MTBF value shows, that either in a depot (crew
view) or on a specific tour (tour view) a dispositidacision has to be made. In the context of tours,
Airi skyo tours can be identified, if the MTBF va
flexibility of the crew is measured; again, a low MTBF showing a high required flexibility for crew
membes on duty. It goes without saying that frequent rescheduling means that more crew resources
have to be kept available. If a higher number of resources is not available then only two general measures
can be taken into account to increase robustness: (ietibility of the train drivers must increase so

that a single incident can be dealt with by many different méaadapted to the situation These
measures are on a strategic level. (ii). the variability of failures must decrease, i.e. the number and
amaunt of rescheduling processes, which are directly connected to the number of tasks to be performed
during a duty This view is on a tactical level.

The job satisfaction KPIs show a partially satisfying working condition, which can be enhanced through
specific leverages in each component (i.e. macro topic). According to what has been already identified
through the survey on job satisfaction, two main areas for enhancement are therefore considered. The
first regards the variability in the tasks that congpthe tour (on a strategic level), which is a priority to

train drivers, and the second refers to the aspects related to communication of tasks (i.e., punctuality,
correctness, detail level, etc.), within the Disposition topic and thus on a tacticalleaéhg with

those communication issues shall reduce some of the aspects like stress and time pressure and therefore
enhance job satisfaction of train drivers. Moreover, the robustness in terms of flexible task assignment
is addressed as well. It mustinentioned that the technological component plays an important role, i.e.
moadifications on the planning and rostering on a strategic level may not bring relevant enhancements,
if on a tactical level the measures are not realizable
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resul ts

(The original communication is here reported in German, it is available intFeet Italian upon
request)

1. Ausgangslage

Die SBB fuhrt gemeinsam mit der ZHAW eine Studie durch, wie sich die Produktivitat des Lokpersonals
mit dessen Arbeitszufriedenheit und der Qualitat der erbrachten Dienstleistungen in Verbindung
bringen lasst. W&end sich die Produktivitat und teilweise auch die Qualitat der erbrachten
Leistungen einfach messen lassen (erbrachte Zugfahrten), ist der Zusammenhang zwischen
Arbeitszufriedenheit und Produktivitat bzw. Qualitat der erbrachten Leistungen deutlich sehwer
messbar. Um die Personalbedirfnisse bewusst in die Studie zu integrieren, wurde die-Tmaren
Einsatzplanung der Lokfuhrer als zentrale, messbare Grésse identifiziert. Um herauszufinden, welche
Faktoren dieser Tourerund Einsatzplanung fur die Lokfién besonders wichtig sind, fand vom 22.

April bis 09. Mai 2022 eine Onlineumfrage statt.

Das vorliegende Dokument fasst wichtige Erkenntnisse zusammen und zeigt optional mogliche
Stossrichtungen auf, wie die Touraimd Einsatzplanung in Zukurdptimiert werden kann, so dass

das Zusammenspiel zwischen Produktivitdt, Arbeitszufriedenheit und Qualitat der erbrachten
Leistungen verbessert werden kann.

2. Uberblick Fragebogen

Der Fragebogen wurde in 4 thematische Aspekte unterteilt: Tourenabfolge, Aauftau, Einteilung

und Arbeitsumfeld. Zu all diesen Themen wurden gezielte Fragen entworfen, um die Bedirfnisse den
Ergebnissen und Auswertungen bzgl. Produktivitdt und Qualitdt der erbrachten Leistungen
gegenuberzustellen.

Gesamthaft gingen 480 Antworteein. An dieser Stelle ein grosses Dankeschdn an alle, welche an,

dieser Umfrage teilgenommen haben! Dies zeigt wie wichtig das Thema Arbeitszufriedenheit ist und
bei so vielen Antworten (ca. 20% der Lokflhreriinnen haben geantwortet) kann von einem

représentativen Ergebnis ausgegangen werden.

-  Facts

1 73% in Deutsch ausgefillt, 27% in Franzdsisch und weniger als 1% in Italienisch

I Durchschnittsalter: 44 Jahre

1 88% von Mannern ausgefullt, 5% von Frauen, 6% ohne Angaben und knapp 1% haben Divers
angegeben

1 61% haben keine schudder betreuungspflichtigen Kinder, 36% mindestens ein saidér
betreuungspflichtiges Kind und 3% haben keine Angaben gemacht

1 Insgesamt kamen Antworten aus 35 verschiedenen Depots, 46,6% der Antworten kamen aus
den Depots Zurich, &f und Bern

1 85.5% der Teilnehmenden arbeitet-800%, 14.5% arbeitet weniger als 80%



3. Welche sind die wichtigsten Umfrageergebnisse in Bezug auf die
Touren und Einsatzplanung?

Vor dem Hintergrund einer mdglichen Flexibilisierung der Tourenplanung wigeeigelt Fragen bzgl.
Tourenabfolge, Tourenaufbau und Einteilung auf die Touren gestellt. Mit Hilfe der Umfrageergebnisse
kénnen nun Indikatoren gezeigt werden, die bei einer allfalligen Umsetzung von Strategien fir eine
flexible Tourenplanung bertcksichtigerden missen.

- Tourenabfolge

Etwas mehr als ein Drittel der Befragten geben an, dass sie lieber in einem einheitlichen Muster
arbeiten moéchten (z. B. nur Spattouren oder nur Frihtouren) anstelle einer ausgeglichenen
Tourenmischung (vgl. Abbildung 1)eDlehrheit (57%) bevorzugt jedoch einen Mix aus aufeinander
folgenden Schichten.

Muster oder Mischung von Touren

® Mischung
H Muster

uegal

Abbildungl: Antworten ob lieber in einheitlichen Mustern oder ausgeglichenen Mischungen gearbeitet werden méchte

- Tourenaufbau
Die Umfrageergebnisse zeigen eindriicklich, dass der Tourenaufbau, also die Zusammensetzung von
Fahrten in einer Schicht, der wichtigste Aspekt bzgl. Arbeitszufriedenheit des Lokpersonals darstellt.

Abwechslung bei Strecken IST Wunsch nach mehr Kentnisse bei de

Zustand Strecken
0% 20%  40%  60% 80%  100% 0%  20%  40%  60%  80%  100%

Abwechslung bei Zugtypen IST

Zustand
0% 20% 40% 60% 80% 100%
H 1 zu wenig

B 2 gerade richtig

m 3 zu viel

Wunsch nach mehr Kentnisse bei
den Zugtypen

0% 20% 40% 60% 80% 100%

M ja, ich mdchte gerne mehr erlernen
m nein, ich kenne schon (fast) alles

m nein, ich will nicht mehr kennen



Abbildung2: % Anteil Antworten Aktueller (links) und idealer (rechts) Zustand fur den Punkt «Abwechslung
Strecken/Zugtypen»

Die Vielfalt der Strecken und Zugtypen innerhalb einer Schicht ist fir die Lokflhrer der wichtigste
Aspekt: 78% apen dabei an, dass es fir sie zu wenig Abwechslung bei den Strecken gibt. 57% gaben
an, dass es fur sie zu wenig Abwechslung bei den Zugtypen gibt. Dies zeigt auch der deutliche Wunsch
nach neuen Kenntnissen bei den Strecken und Zugtypen. Da gaben fkives66% an, dass sie

gerne mehr erlernen méchten (vgl. Abbildung 2). Die Auswertung der Freitexte verdeutlicht diesen
Aspekt: Eine Schicht, die beispielsweise nur aBstiFahrten zwischen A und B besteht, ist eine
ungliicklich zusammengestellte Tour.

- Einteilung

Die Umfrage zeigt, dass die detaillierte Kommunikation von Touren und die Anderungen der
zugewiesenen Touren (sowohl beziglich des Tourenaufbaus als auch der Tourenabfolge) auf den
ersten drei Positionen der Wichtigkeit liegen: vor allem si@th@les Fahrpersonals der Meinung, dass
Anderungen der Fahrten (zu) kurzfristig mitgeteilt werden (vgl. Abbildung 3). Die Kommunikation der
Dienstplane (Zeitpunkt, sowie Art und Weise) ist ein zentrales Thema, wenn die Arbeitszufriedenheit
gesteigert werdersoll.

Detalierten Angaben zur Tour

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Anderungen in der Tour

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Anderungen in der Einteilung

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Sollte etwas fruher/ viel friher erfolgen mideal m kdnnte auch spéter/viel spater erfolgen

Abbildung3: % Anteil Antworten Bewertung der Dienstplanekommunikation



4. Gibt es altersbedingte Unterschiede?

Eine vertiefte Analyse der Umfrage ermdglicht es Stossrichtungen bzgl. Flexibilisierung der Arbeiten
und Einsétze des Lokpersonals anzugeben, ohne die Arbeitszufriedenheit, Produktivitat oder die
Qualitat der erbrachten Leistungen zu schmalern.

- Beobachtugen bzgl. Altersgruppen

Auf der Grundlage der Umfrageergebnisse ist es moglich, eine Gruppierung der Funktionsprofile nach
Alter vorzuschlagen.

Im Hinblick auf die Einteilung und insbesondere die Zuordnung der Zige wurde eine Clusterung der
Befragten nacldem Alter vorgenommen. In Abbildung 4 ist die Verteilung der Grundgesamtheit in
Clustern nach Alter dargestellt. Die Verteilung ist nach der Anzahl der statistischen Grundgesamtheit
sortiert, um bei den folgenden Vergleichen die Unterschiede besser tzriveben.

Anzahl von Alterngruppe

150

100

50

Abbildung4: altersabhéngige Clustern

Man kann in den Umfrageergebnissen einen Trend hin zu der Aussage sehen, dass mit dem Alter
einerseits die Belastbarkeit abnimmt, andererseits aber die nutzbare Erfalmumgmt. Wahrend

der letzte Punkt eine naturliche Annahme ist, kann der Aspekt der Belastbarkeit in Bezug auf die
folgenden drei Kriterien erkennt werden: Verflugbare Zeit fur die Arbeitsvorbereitung, Toleranz
gegeniiber kurzfristigen Anderungen der Toureteilung und haufig Erschopfungsoder
Stresszustande.

Verfugbare Zeit fur die Arbeitsvorbereitung
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Abbildung5: AVOR Zeiten. Bewertung nach Alterclustern spezifiziert

Abbildung 5 zeigt den Vergleich zwischen der Verteilung der Altersgruppen (graue Verteilung), die der
Einfachheit halber skaliert ist, und der Verteilung der Bewertungen fiir die geplante Zeit fir AVOR
Aktivitaten (blaue Saulen). Die Grafik lasst sich falgemassen lesen: Da die Verteilung der
Antworten tendenziell von der Verteilung der Grundgesamtheit der Cluster abweicht (grosse Differenz
zwischen blauem und grauem Balken), kénnen Abhéngigkeiten zwischen den Aussagen bestehen: Hier
zeigt sich, dass voallem jiungere Lokflhreriinnen die AVARBitdimensionierung als richtig
dimensioniert empfinden. Altere Lokfiihrer:innen hingegen empfinden sie meist als unzureichend.

Toleranz gegeniiber kurzfristigen Anderungen der Toureneinteilikigmmunikation)

40 40
150 150
20 100 o 100
50 50
0 0 0 0
21-30 31-40 41-50 51-60 61-65 21-30 31-40 41-50 51-60 61-65
I Anzahl von Gruppenm Sollte viel friiher erfolgen s Anzahl von Gruppen m Zeitpunkt ist ideal

Abbildung6: Toureneinteilung. Bewertung nach Alterclustern spezifiziert

Abbildung 6 zeigt, ahnlich wie Abbildung 5, die Unterschiede im Verhalten bei der Bewertung der
Toureneinteilung. Auch hier zeigt sich eine grossere Akzeptanz der jingeren Lokflhrer:innen
gegeniiber der kurzfristigeren Kommunikation von Anderungen alsdveiiferen Lokfiihrer:innen.

Haufige Erschopfung / Stress
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Abbildung7: Haufige Erschopfung. Bewertung nach Alterclustern spezifiziert

Abbildung 7 zeigt, &hnlich wie die beiden vorherigen Abbildungen, die unterschiedlichen
Empfindungen der Altersgruppen in Bezug auf die Arbeitsintensitat in Form von Stress. Auch hier
empfanden die jungeren Lokflhrer:innen weniger Erschopfung oder arle€iitsipten Stress als ihre
alteren Kolleg:innen.

5. Mdgliche Massnahmen

Zusammenfassend kann festgehalten werden: Eine Steigerung der Arbeitszufriedenheit bzw. die
Vermeidung eines Arbeitszufriedenheitsriickgangs bei gleichzeitiger Flexibilisierung der Atapiten
mit Hilfe folgender Punkte bei der Neugestaltung von Touren unterstitzt werden:

1 Mitgliedern des jungeren Clusters werden abwechslungsreiche Touren und in der
Tourenabfolge wechselnde Schichtlagen zugeteilt. Die bestehende Zeit fir die
Arbeitsvorbereitung bleibt bestehen.

1 Mitgliedern des alteren Clusters werden teilweise abwechslungsreiche Touren zugeordnet und
andererseits Touren mit weniger kraftezehrenden Aufgaben und Schulungsfunktion (z.B.
Vermittlung von neuen Streckenund Zugsenntnissen an jingere Lokfuhrer:innend
Einsteiger:innen). Zudem wird beim Tourenaufbau fur diese Gruppe mehr Zeit fur die
Arbeitsvorbereitung vorgesehen.

Abbildung 8 zeigt ein Beispiel fir die Unterschiede zwischen einer Tourenabfolge, die sich tendenziell
an junge LokfUhrer:innen richtétinks), und einer Tourenabfolge, die sich an altere Lokfihrer:innen
richtet (rechts).

I
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24:00 — . 24:00

Legende: [JJl] Dienstzeit — tdgliche Ruhezeit - --* wéchentliche Ruhezeit
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Abbildung8: Vergleich von Beispielen intensiver Tourenabfolgen (links), die sich an jungere Lokfihrer richten, und teilweise
fester Tourenkfolgen (rechts), die sich an éltere Kategorien richten.



Diese altersgruppenbezogene Strategie wiirde zwei wesentliche Vorteile mit sich bringen:

1. Berucksichtigung des Alters und der Dienstjahre alterer Lokflhrer:innen (Lokfuhrer:in ist ein
kraftezehrender Bruf) bei der Gestaltung der Touren.
2. Erhéhung der Anzahl der Lokfuhrer:innen pro Zugd Streckentyp. Hierdurch wird die
Flexibilitat, Lokfuhrer:innen bei Bedarf zu ersetzen, effektiv erhoht.
Diese Planungskriterien wiirden es einerseits ermdglichenfFigibilitat bei der Planung und im
Dispositionsfall zu erhéhen, und andererseits die Erfahrung der altesten Mitarbeiter:innen zu nutzen
und die der jlingsten zu erweitern, so dass das Lokpersonal die Mdglichkeit hatte, einen Arbeitsplatz
zu haben, der deKarrierestufen "folgt".

6. Fazit

Die vorgeschlagenen Planungsstrategien ermdglichen mit absehbarem Zusatzaufwand
Verbesserungen hinsichtlich der Arbeitszufriedenheit zu erzielen. Mehr noch: dadurch, dass spezifisch
auf einzelne Personengruppen individuell eingegangen werden kann, wildedne Flexibilisierung

der Arbeiten ermdglicht. Wenn es aber gelingt, auf die spezifischen Praferenzen der einzelnen
Gruppen positiv einzugehen und ihre Starken zu nutzen, erreicht man ein Zusammenrticken der
realisierten und geplanteRroduktivitat. Einebreitere Streckenund Zugkenntnis des Personals wiirde
einfachere und punktlichere Austausche sowie die Entwicklung neuer Umplanungsstrategien
(Dispositionsfall) wahrend des Zugbetriebs ermdglichen. Auf diese Weise werden die negativen
Auswirkungen, die di Abweichungen im Zugbetrieb auf die Produktivitdt des Lokpersonal haben,
gemildert und die Produktivitéat erhdht. Dies wiirde sich auch positiv au@daditét des angebotenen
Dienstes auswirken, da es weniger Verspatungen gabe, weil man auf den flimagiiggn Zug/die
jeweilige Strecke qualifizierten Lokflihrer:innen warten muisste. Vorausgesetzt im Dispositionsfall
konnen kurzfristig entstandene Lucken im Personaleinsatz ebenso flexibel gefiillit werden wie heute,
kann somit auch in Zukunft die geforderteeistung qualitativ hoéher und mit hoherer
Arbeitszufriedenheit erbracht werden.

Die Zufriedenheit des Lokpersonals wirde steigen. Die Umfrageergebnisse zeigen deutlich:
Diejenigen, die den Beruf der/des Lokfuhrers/Lokflhrerin wahlen, tun dies, weil sie ggsen und
verschiedene Zuge fahren. Mehr noch: alteres Lokpersonal bittet das Unternehmen um Anerkennung
fir seine langjahrige Betriebszugehorigkeit und sein Engagement in einem Beruf, der oft als
kraftezehrend beschrieben wird. Das sich daraus ergdbe@leichgewicht, das den jingeren
Arbeitnehmern mehr Abwechslung und den alteren Arbeithehmern “"komfortablere"
Arbeitsbedingungen bietet, mit der zusatzlichen Aufgabe, die jingeren Arbeitnehmer auf neuen
Strecken/Zugen zu schulen, kénnte zu einer Win-Situation im Bereich der Arbeitszufriedenheit

und zu einer WirWin-Situation zugunsten der Erreichung der Ziele der Produktivitdt und der Qualitat
des Eisenbahndienstes fuhren. Weitere Alternativen und Massnahmen fir die Planung, Zuteilung und
Durchfiihrungvon Touren sind auf Grund der Umfrageergebnisse ebenfalls méglich, bediirfen aber
einer eingehenden Machbarkeitsanalyse. Verhaltnisméssigkeit und Zweckmassigkeit der Planungs
und Massnahmenalternativen vorausgesetzt, kdnnen absehbare Ziele der Flexibifisiseitens
Arbeitgeber erreicht werden, ohne die Arbeitszufriedenheit seitens Arbeithehmer zu verringern. Die
Produktivitdt ist eng verknipft mit der Fahrplangestaltung und den Dienshd
Sicherheitsvorschriften; sie ist somit intrinsisch nur schweéngerbar. Klar scheint indessen, dass

die Qualitdt der erbrachten Leistungen nicht erhoht werden kann, wenn innerhalb desselben
Zeitfensters mehr und/oder neue Aktivitaten fur die Lokfiihrer:innen anfallen.
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(available in Germannly)
1. Ausgangslage

Dieses Dokument erlautert den Inhalt des Kommunikationsdokuments, insbesondere fiir die folgenden
Depotgruppen:

1. Aarau (AA), Basel (BS), Olten.)
2. Goldau (GD), Luzern (LZ), Zug (ZG

Die bericksichtigten Indikatoren zeigen ein unterschiedliches Verhalten zwischen den beiden
verbleibenden Gruppen. Insbesondere die GruppeBS®L héalt sich mehr an die allgemeinen
Statistiken. Die Gruppe 1@DZG i$s tendenziell zufriedener mit der aktuellen Touremnd
Einsatzplanundiese Ergebnisse sind interessant, da sie unterschiedliche Bewertungstrends zwischen
den betrachteten Gruppen zeigen.

1 Mdgliche Grinde fir dieses unterschiedliche Verhalten :
1 Die in deRegion angebotenen Dienstleistungen sind unterschiedlich attraktiv.

i Die Kommunikation zwischen dem Lokpersonal und Fihrungskraft in den Depots ist
unterschiedlich.

1 Das Lokpersonal in dem Depotcluster LZ GD ZG wird auf variablen Strecken und Zigenteingeset
wahrend es im Depotcluster AA BS OL auf einheitlichen Strecken und Zligen eingesetzt wird.

Dieser Unterschied muss unbedingt weiter untersucht werden, ebenso wie die Méglichkeit, ein Modell
aus BesPractices in der Schweiz zu erstellen.

Tourenabfolge
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Abbildungl: Vergleich der Ergebnisse fir die beiden Depotgruppen hinsichtlich der Tourenabfolge
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Tourenaufbau
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Abbildung2: Vergleich der Ergebnisse flr die beiden Depotgruppen hinsichtlich der Tidbisana
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Abbildung3: Vergleich der Ergebnisse fir die beiden Depotgruppen hinsichtliéfirdeilung der touren



