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ABSTRACT

W7

‘In October 1970 the St. Louis Metropolitan Police

Department put into operation a new type of work schedule

in its 20-man Evidence Technician Unit. The schedule, called

a "proportional rotating schedule" because it~distributes the

manpower by day and watch in proportion to the demand for

service, has a number of features which represent improvements
4

over previously used schedulés. Included are: (1) identical

patterns of days worked and days off for all men; (2) the

capability, in designing the schedule, to control the lengths
of periods of consecutive days worked and consecutive days off,
and the number and distribution of weekends off; and (3) a

computer-based design procedure which, by this summer when

programming is éompleted, is expected to reduqe.schedule design

time to énly that required'to specify the type of”sche@gle

desired and to collect the necessary workload data.
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I. Introduction

This paper reports recent developments in the St. 'Louis

Metropolitan Police Department's program to devise improved

work schedules for its officers. The improvements sought

include (1) the achievement of manning levels each day and
watch which are proportional to the anticipated workload;
(2) identical patterns of days worked and aays off for all

officers; (3) the capability, in designing the schedule, to

control the lengthe of periods of consecutive'days worked
(called work periods) and consecutive days off (called recrea-

tion perioas), and to cohtrol the number and distribution of

weekeﬂds off; and (4) a computerized schedule design procedure.

The research program, under way since January 1968, has

produced a new type of work schedule called a "proportional
rotating schedule" which incorporates-all of the desired

improvements. A test schedule was put into operaticn in

October 1970 in the Department's 20-man Evidence Technician

Un;t,-‘ln_December-l97l after having operated succeesfully

_for 14 months, the schedule was. updated on the basas of changes

in the distribution of work over the week. A March 1972 survey

of unit officers, discussed below, indicates favorable

acceptance of the new schedule.

4
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IT. Evi
The 1972 Evidence Technician Unit Work Schedule

e

Pro ‘
portional rotatlng schedules are illustrated by using

th
e 1972 Evidence Technician uynit {ETU) schedule The ET
e U, a

component v ‘
i) of the Department's Laboratory Division Operates
’

’ o

patrol officers respondlng to the 1nc1dent

Under '
Department regulatlons, officers receive two.days

‘days of
y¥s o f for paid holldays plus a three—week vacation each

watch -3
P.m.): one was assigned permanentiy to the

afterno ' A ‘
on watch (3 p.m. - 11 pP.m.), the other to the night *

watch (ll pP.m.

-Data
on the 10,132 incidents to which the gy responded

th
e dlstrlbutlon of work over the week for- 1971 is sh
own in

Figure 1.
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Figure 1 - Percentage Distribution of
ETU Incidents Over the Twenty-one Watches

.7 of the Week for 1971
Watch Mon. Tue. Wed. Thu. Fri.'Sat. sSun. Total
Day - . .
(7 a.m.-3 p.m.) 5.1 4.3 4.8 4.3 5.1 4.5 32.5%
Afternoon : )
(3 p.m.-11 p.m.) 5.4 5,1 5.5 5.0 5.4 _4.5 4.4 3i.3£
Night . _
?ll p-m.-7 a.m.) 4.1 4.3 4.5 4.8 5.3 5.1 4.0 32.2%
Total 14.6 13.8 14.9 14.1 15.8 14.2 12.7 100.0%

|

&

The total number of duty manwatches availablé each week
in’a unit of N officefs is given by the formula,
T = 5N —’H
where H is the average number of manwatches per week loét'to

days off for paid holidays. For a unit of 20 men H is

approximately two. Consequently, for the ETU T equals 98 man-
!
watches. Using the information in Figure 1 as a basis, man«i

watches were distributed as shown in Figure 2. Vacations were

scheduled on the day and afternoon watches, reqguiring that tbe
manning levels on these watches be kept as high as possible.
The b%sic,rbtétion and recreation schedule developed fo%
the unit is shown in Figure 3. The schedule consists of an.
18-week rotating schedule for the 18 officers who rotaté
watches, and a fixed schedule for the 2 officers permanently
assigned to the afternoon and night watches. The scheduie
opgratés as follows: +the 18 officers are assigned man numbers
from 1 to 18 (based on their choice of vacations, as egblained
furthef below). During the first Qeek of schedule operation,

each officer works the schedule for the week bearing his

numberf For éxample, man 9 works week 9, a day watch assignment

" oh which he works Monday through Thursday and is on recreation

Friday, Saturday, and Sunday. On the second week of operation

eachuman advances to the next numbered week in the schedule,
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Figure 2 -~ Manwatches for the
Twenty-one Watches of the Week

Sat Sun

-

— Lt

! for the 1972 ETU Schedule
(Total Manwatches = T)
watch Mon Tue Wed Thu Fri
Day 5 5 5 5 5
; Afternoon 5 5 5 5 5
: Night 4 4 -~ 4 4 5
[ : 'y
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R B T '" Figure 3 - Basic Rotation and Recreation '
‘ cala oo é - s A . :
LN . ....8chedule. for the_Evidence Technician. Unit - - -y

.t for 1972 (R = recreation-day) :
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WEEK | WATCH MON TUE WED THU FRI SAT SUN :
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with man 18 rotating back to week 1. Continuing the example - ' | ! (1) The distribution of workload over the
for man 9: he moves to week 10, which is a string of 7 working o or watches. Proportional rotating schedules

days on the night watch. After 18 weeks each officer will have make the duration of the assignment on each

rotated once completely through every week of the schedule and : watch proportional to the workload. Thus

returned to his initial week. Since all officers share, the officers spend a greater proportion of

.same basic rotation and recreation schedule, their individual their time on the busier watches.

schedules are identical, with the exception that they lag or ‘ ‘ (2) The time required by officers to adjust

isad each other by some number of weeks. ' - i to new working hours. Too frequent changes

The two permanently assigned officers have their own Sl are fatiguing and disruptive of off-duty

'
4 '

schedule: each works Tuesday through Saturday every week and ‘activities. Two weeks was considered the

’is off sunday and Monday. shortest acceptable assignment for the ETU.

A number of additional features of the ETU schedule, E ‘ (3) The number of consecutive weeks of assign-

describeﬁ below, were requested by the unit commander and ment to the busiest watch and/or whichever

designed into the schedule. other watch is considered least desirable

by the officers. This is of particular

A. The Number of Consecutive Weeks on any Watch

The number of consecutive weeks of assignment to any watch s - concern to the younger officers who get

varies from a minimum of 2 on the night watch (weeks 9 'and 10), o last choice in the selection of vacations

to a maximum of 4 on the day watch'(weeks 15 to 18). The g ' B and who, having to settle for the winter

selection of these periods depends on: . vacations, fear assignment to the least‘
| : ’ ‘ desirable watch for most of the-summer.

Jdo Four weeks was considered the longest

acceptable assignment for the ETU.
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D. Maximum Number of Weekends Off

These considerations motivated selection of a sche@ule

n ! ' .+ The schedule gives officers 5 weekends off in the 18 week
in which officers rotate twice through all watches during the ) B
l £ ) N

rotation period:

. 3 Friday—Saturday—Sunday periods, 1 Saturday-
18 week rotation period, making the average stay on a watch '

Sunday period, and the weekend included in the 7

} -day recreation
three weeks in length. : f

has been made part of a weekend off, hence the maximum number
Once every 18 weeks officers receive a 7fday recreation

of weekénds off has been achieved.

period. In the master schedule this period runs from Friday

. ) Weekends off have been épread as uniformly as poésiblei
f week 6 to Thursday of week 7.  This feature, quite popular ] ] .y
o}

- _— over the rotation period. Only once do weekends off occur on
with the officers, gives each man a short vacation once every . . ‘

consecutive weeks; otherwise the spacing between them varies

four months. For officers with winter vacations, the extended

. from three to six weeks. Most weekends off occur just prioﬁ
recreation period duarantees at least one week off during the _ ;

to the watch change points.
warmer months.

E. Watch Change Conditions

C. 'Lengths of the Other Recreation Periods

e " Officers rotate watches in the sequence of night,
Because recreation periods of one day's duration are

' afternoon, day. The last day of-assignment to any watch is
considered unacceptable by'the'Department, two days is the’

. , - always Sunday, officers commencing their new as

( signments on
shortest recreation period included in the ETU schedule. The- , : X

. ‘ : Monday. An officer scheduled to work on both Sunday aﬁd
: . 3 . . N l d <
maximum acceptable length of recreation periods is controlle

Monday at the watch change point faces one of two undesirable
to some extent by the maximum work period permitted. As the » .

‘ ‘ v \ : : : i y rs betw‘een e S]]nday
g he av e recreation period on a given watch of off-dut h
length of the a erag ‘ ou th

: and Monday assignments will be either 8 or 32 (see Figure 4).
increases, the number of these periods decreases, and tbe‘work .

' ' ' h 5u ' - An 8~hour interval does not give an officer adequate time to
i i e to take up the slack. For the '
‘period lengths must 1ncreas- ‘

; v o : 7 2 o rest; a 32~hour interval is equivalent to a one-day recreation
' ; the - ~-day recreation period, it R S :

ETU schedule, aside f;om the seven. aY | | T period.

was decided that the longest recreation period would be three

days.
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Figure 4 - off-duty Hours Between Assignments

watch
Change

Night to

Afternoon

Afternoon
to Day

Day to
Night-

For Officers W

UTSR—

the Watch Change Poiht

Hours Worked

Sunday

Monday

N

11 p.m. Sun - 3 p.m. — 11 p.m.

7 a.m. Mon Mon
3 p.m. - 11 p.m. 7 a.m. - 3 p.m.
' sun Mon

7 a;m. -~ 3 p.m. 11 p.m. Mon -
Sun 7 a.m. Tues

14

orking Sunday and Monday at

off-duty

Hours
Between

Assignments

32

LRIy

A s Yoot

gt e it

R Y

Both situations may be avoided if either Sunday or Monday,

or, ;both, are included in recreation periods. Therefore, the

ETU schedule has recreation periods immediately preceding or
following five of its six watch change points. However, the
change from the day watch on week 18 to the night watch-on

‘week 1 involves a 32-hour period between assignments.

F. Lengths of the Work Periods

Work ?erioés in the ETU schedule vary in length from five
to eight days. Of the 15 wofk periods in the 18-week éycle,
only.one is 8 days loné. This represents a substantial
improvemen£ over other schedules in the Department in which
oificers experience ll-day wo;k periods about three times a
year. |

G. Vacations

Vacations occur during either weeks 12 to 14 or 15 to 18
of the basig rotation and recreation Schedule. The tﬁree—week
vacation periods, one on the affernoon watch and the o%hef on
the day watch, are indiéated by dofted lines in Figure 3. Pri;r
to implementation of the ETU ;chedule a chart showing the
vacation periocd for each man number was pested-fér examination
by the officers; Officers ére raﬁked according to decreasing
L seniority and select their vacations iﬁ this order. The

vacation selected then identifies the officer's man number.

15




R T

‘
Vacation periods on each Qatch are non—overlappingfso that
mqqning will be reduced by no more than one man per watch o
during vacations.

Figure 5 shows the format in which the schedﬁles were
issued to the officers. Each schedule indicates the recreation
days for the full year and the vacation period for the stated

man number,

\

IITI. The Pros and Cons of Proportional Rotating Schedules

H
;
1

. et
-

Certain features of proportional rotating schedules,

useful for‘some applications but undesirable for 6thers, are
Qiécussed next. The results of a questionﬁaire survey of tﬁe
ETU, made in March 1972 to assess the officers"feelinqs

reéarding a number of these boints as they apply tc the 1972

ETU schedule, are also given.

A. Length of Assignment to Each Watch

For ény;proportional rotating schedule, the length of Y v e
assignment to any wééch will depend on several factors:v work- - “ t o o e - g ' :~'
load proéortion ogjeach watch, number of officers assigned
permanently to‘watches, number of watch rotatioﬁs in the . o . A SRR  ‘” | ‘ e ’ R Z’ T ‘=?ﬁfﬂ

fotation period, and its length. Usually the length of assign-

ment will vary from watch to watch. ' !

16 . | ‘ . » i Y " : Q | -




LA

4

j
- ! *
I
& d .
| 3
7 . .
MAN 1 FIGURE 5 - 1972 ETU RECREATION SCHEDULE vacation: 3/20-4/9
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| | 3 Yes No
8 For the ETU schedule, watch assignments ranged from two ‘ |

: ‘ , bject to working with different

g tq.four weeks in length. The survey showed that at least ; P <! ObJee g ere

é ’ f the Unit found this guite acceptable: e members of the unit each watch 25% 75%
I three-—quarters (o] i o 4

¢ - ‘ \ Object to changing watches at

?' ’ Yes No ’ . different times 4 20% 80%
i , o

2 Object to variation 25% 75% ‘

B : -~y 75% ] o C. Lengths of Work and Recreation Periods

3§ Some watches too short % o

“ ] . . N . .

i 155 859 N The procedure for designing proportional rotating

! Some watches too\long % o ol %

schedules permits the lengths of work and recreation periods

2 B. Individualized Schedules ‘ . % to be controlled to a great exten%. In most cases excessively

Although the basic recreation and rotation schedules are

long or short periods may be avoided entirely, the maximum

: . . ] i ' e '
identical for all officers, each ETU officer is always som ‘number of weekends off may be given, and extended recreation

N o 3 s. .
number of weeks ahead of or behind each of-the‘other officer periods may be readily included, if desired. On these aspects,

, o ‘ and
As a result, all officers do not change watches together ) most ETU officers responded favorably:

do not work with the same group each watch. In the course of

a complete rotation through the schedule, every officer shares S . Yes No
[ a number of on-duty shifts with almost every other officer in . 1 ‘ - Maximum work period of eight days
- th; unit. Regarding their individualized 5chedqle$,gabogt a ’ 1 is an improvement 85% ° 15%
quarter of the ETU officers responded unfavorably in the , . ; bengths of recreation periods
‘ ’ : ’ acceptable 65% 35%
= questionnaire: | ‘ Object to 7-day recreation period . 20% 80%
S T ‘ | ' '\ﬁ : i v Frequency of weekends acceptable o 58% 42%
:;f . - : . B '“ o ,: : s ‘ Desire more recreation periOaS‘
| &L\h ' with Saturday or Sundayvbut
: not both 7% 93%

. 19
18
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D. Overall Assessment of Schedule

Regarding their relative preference. for the ETU schedule

A7

compared to other schedules under which they have worked,

three-fifths of the officers responded favorably:

Yes  No

prefer ETU schedule to all others - 60% 40%
Generally satisfie§ with vacation [

scheduling for ETU | 65% 35%

Fair distribution of workload per

" man each watch ' 74%  26%

Iv. The Computer Programs

Input to the schedule design programs consists of data
on the distribution of demand for service by hour or watch of

the week, thé number of officers to be scheduled, and the

followihg,design constraints (specified by the unit commander):

(1) the minimum and maximum number of officers
. permitted each day on each watch;
(2) the starting and terminal hours for each watch;
'(3) thefminimuﬁjand maximum lengths of recreation

and work periods; and{

20

e

(4) the length of the rotation period, and

the number of rotations through the

s
watches during the rotation period.

A sequential procedure is used to design the sehedules or

to discover that the constraints are so severe that no satis-

factory schedule exists. If no feasible schedule can be found

1
i

for a given set of design constraints, the unit commander
1

decides which constraints ma& be relaxed. The procedure is :

repeated until an acceptable recreation and rotation schedule
is found. The final step is to design the vacation schedule.
The computer programs are being written in Fortran for the

|

Department's IBM 7040 and 370/155 systems.

V. Conclusions

In summary, the following features were achieved in the
1972 ETU schedule. |
(1) .proéortional manning by day and watch;
(2) identical basic schedules for all officers;
(3) rotating watch assignments for 18 officers
and permanent assignment for 2;-.
(4) watch assignments ranging from two to four
weels in length;
(5) recreation periods of two and three days,

plus one seven-~day period;

21
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jncluding hospital nursing services$,

handling, reservation operations,

] fraction of the time now required.

more proportionately to

five weekends off in the lS—rbtation

(6)
period, the maximum number possible;
(7) recreation periods immediately preceding or
| following five of the six watch change points;
(8) work periods varying in length ﬁrom five to
eight days: gnd,
() adequately—séheduled vacations.

proportional rotating schedules should be applicable to

many types of service operations pesides law enforcement,

and toll collection. The

computef programs being developed for schedule design'allow

construction and comparison of alternative schedules in a

! control of the'lengths of rotation and recreation periods,
these schedules may substantially increase efficiency through SN

their capability to distribute manpower resources over the week

the demand for service.
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