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1. Introduction

Crew scheluling is extremet important fo the efficiert fundioning of many
companies In a large organization, formtilag an ideal cre schelule is a dfficult tak.
Breaks dlowances as wdl as shit duraions ae important onstrains when designing a crew
scheduling system. Due the® constraird and the charactetties d the wok to be realized,
crew scheluling algoithms gplied to real working environmestnormdy result in duties
tha include idle time and llmcated time not iguired for “on-the-job” tasks In urban
transportdion systems, achiewg optimality in the scheduling of drivers’ skifis further
hamperd by labor legislaon, company rules, flucttians n servce demand through the day,
etc The “idle time”included in dutis tend to have tw advers effectsit lowers poodudivity
and it alo lowels empbyee morale, motivation, thereby reducing praty further. The
result is a vicious cycle.

This pape reports one aspectfa tran drive tak with the obgctive d improving
overdl produdivity. Using physiologtal and subgctive measuresworke stress has een
quantified. Theg measures forndethe bas for changes in scheduling parameteto improve
the driver working conditions. Their implications on productivity have also been evaluated.

2. Methodology

ubjects

A totd of 255 drives (mean age =33.8 yeatand mean working how pe week =
50.6) were surveyed using a pre-gesil quesionnaire to obtain sulgctive percepons
related to ther job. In addition, 23 (@an age = 36) outf ¢the 255 sulgct mnsentd to the
measurement of their heart rates throughout a complete shift.

Equipment

POLAR telemetrt heat rate nonitors wee used. The quiesnnaire was deginal in
collabordion with the tran company to ensarits gpropriatenss ad vdidity. The aims of
the quetionnaire were ® detemine the surces ¢ stress & work and possild@ remedies to
reduce the work stress.

Procedure

The hear rate sensowas pogtioned on the chdsand tightened in @lce b obtain a
reliable reading. The monitor was programmed to record heart rate every 15 seconds.
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3. Resultsand Analysis

Physiological and Questionnaire

The quesionnaire analys rewaled tha 75% of tke drives indicated tha the
stipulatel meal allowaice d 40 minutes (30 minutes for meak aand 10 minute wak to and
from meal &cilitieg was inadguate Furtheé analyss showd tha 35% of tle drivers
preferrel a 60 minugd meal beak while 53% di not indcae any prefaed level. The
inadequacyd also sen in the hearate reserve measure. &=t Heat Rate Reserve (%
HRR) was calculated for each driveisng drive age and resng heat rate (Easnan Kodak
Company, 1986) as follows:

Percent Heart Rate Reserve (% HRR) = (Working Heart Rate-Resting Heart Rate)*100
(Maximum Heart Rate-Resting Heart Rate)
where Maximum Heart Rate = (220-age)

To evaluate the driver job demand during each shift, the shift was broken into three segments:
1. Working time before break

2. Break (meal time, that is lunch or dinner depending on time of shift)

3. Working time after break

An Andysis d Variance ANOVA) performed on thes % HRR valus indicated a
significart effect at the p < 0.05 level. The post-hoai8ent Newma Keuk analysis showed
that the % HRR value durihg break time was gnificartly higher. Even though the %RR
during meal beak time was lowethan the allowable ©33% fa a 8hour perod (Eagman
Kod& Company, 1986), it posean important queson: “Should ergonomis be concerned
only with work related tasks?” The rétsudf this stidy point toward aa answe of “No”
since the stress sesnt be “elevated” during leak times The quesonnaire resilis also
showeal tha forty-three percenof the siggesions D reduce stress levels werelated to time
allowances.

Productivity analysis

A driver’s “work” time is composed of the following four elements:

a) Driving time

b) Other work related time (sign-on and off time, train preparation)

c) Work regulations related time (meal allowances, regulation leave, other allowances)
d) Schedule introduced time (change of route allowances, spare time)

Basal on the aboveour, a set & produdivity indices was devepal. Each index
consides produdive time as éher driving time (tem a above), working timed and b above),
or working time incuding reguléion related time &, b and cabove). Tald 1 show the
definitions d these piodudivity indices when the “work™time is the total duy time, tha is,
the total time the driver spad in the company. [Herert indices hae different uses for
management For examplga Driving Productivity index may be used toeasue and control
the anount d extra time that is associatenvith each driving hour a Regulated Work index
would be used to evaluathe efficieng of the crew schauling procedure, thas, the anount
of idle time introduced by the procedure.

The quesonnaire and physiologial analyse seem to indae an inadequacy of the
meal allowaice. Meal beak time § pat of the wok reguldion time and a parameter alsm
developing the crew schedule.
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Table 1. Definition of Productivity Indices

I ndex Definition
Driving total driving time
total duty time
Work total driving time + work related time
total duty time
Regulated total driving time + work related time + work regulations related time
Work total duty time

The quesonnaie and interview indicated thathe meal allowace known to drives is
the gipulated time d 40 minutes. However, the crew sdoé& plan indcated thaove 95%
of the duties (the type d duty assgned to each drivas generly differert from day to day)
had an actual meal bak of 50 minute a more as the meal time generally coincislenth
lower demand periods. Around 10% of éhduties hal ove 70 minuts d meal beak. It
seens thd those duties with the publishd durdion of the meal allowace d 40 minutes
strongly influences the drivers’ perception of their work conditions.

For a given numbeof duty hours, the alloware fa meal beals dfects the Regulated
Work index while the othemndices remai unchanged. Thedgulated Work index prior b the
study was 87% It seemed possibl © increag the meal alloware wthout chaging the
numbe of drivers tha is, without changing the total dut time. This possibity was
promotal by thee factors the existence 1013% idle time intoduced by the scheduling
procedure the low paticipation of neal allowares n the total dut time (aound 5%); ad
the fact that most meal breaks are scheduled during low demand periods.

Two xenaric wee sudied. Senaro 1 considered a total mealkelak dowance time
of 50 minutes, while scenar2 looked aa total meal lwak dlowance time ¢ 60 minutes. In
scenaro 1, the Regulatd Work index becomes 90%In scenaro 2 ths index becomes 92%.
We may conclude that it is pos®lib increa® the meal alloware time while increasig the
Regulated Work produdivity index. Ths resits from the conversin of idle time intoduced
by the scheduling proceduro an official meal alloware. Since the total dyttime and
working hous reman unchanged, the other prodiuty indices do not varthereby refbcting
a better deployment of the non-working duty time of the drivers.

4. Conclusions

Employee opinon coupled wth physiologcal assessmest can result in higher
produdivity and impoved employee morale. In addition, the company enagy also be
improved by having a lgh Regulated Work produdivity index publishé in stdf newsldters
and annubreports The values derivkefor each of th indices ae theoretical Changes in
empbyee morale andt@ude may result in highieactual indces The recommendaions are
currently being implemented, and the actual changes in productivity are to be evaluated.
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