
S 

IECE1VED 
OC I 1986 

Bus Operator Planning System Project 

Phase Ill -- Final Report 

Evaluation Of Operator-Assignment Ratios 

Prepared for: 

Southern CaUforna Rapid Transit District 

Prepared by: 

1 
Schimpeler Corradino Associates 

in association with 

Curry Associates 

The Cordoba Corporation 

Myra L. Frank & Associates 

July, 1986 



2 ,'yq/ 

TABLE OF CONTENTS 

Page 

1. INTRODUCTION ................................................ 1 

1.1 KEY OPERATOR PLANNING ISSUES ........................... 2 

1.2 OVERVIEW OF OPERATOR PLANNING AND ALLOCATION ........... 2 

1.2.1 Scheduled Work Runs .................................... 3 

1.2.2 Scheduled Trippers ................................... 4 

1.2.3 Protection for Operator Absences ..................... 4 

2. SYSTEMWIDE DATA ............................................. 6 

2.1 VCBs/OCBs, SHINEOUTS, AND MISSED/LATE PULLOUTS ........... 6 

2.1.1 Prior Hypotheses ..................................... 6 

2.1.2 Results of the Analysis .............................. 6 

2.2 SICK DAYS, MISSOUTS, REQUESTS OFF, AND OTHER POSITIONS 14 

2.2.1 Prior Hypotheses ..................................... 14 

2.2.2 Results o the Analysis -- Unlagged Data ............. 15 

2.2.3 Results of the Analysis -- Lagged Data ............... 23 

2.2.4 Results of the Analysis -- Ur,lagged Data Against 

VCBs/DCBs .......................................... 29 

2.2.5 Results of the Analysis -- Lagged Data Against 

s/Os ......................................... 35 

2.3 CONCLUSIONS ON EYSTEMWIDE DATA ......................... 39 

2.3.1 Unscheduled Overtime Measures ........................ 
......................... 

39 

2.3.2 Unscheduled ADsence Measures 4C) 

2.4 STATISTICAL TESTS OF RELATIONSHIP ON SYSTEMWIDE DATA 40 

2.4.1 Outline of the Analysis .............................. 40 . 2.4.2 Results of the Analysis .............................. 41 

2.4.3 Test of the Final Models ............................. 53 

3. DIVISION DATA ............................................... 55 

3.1 DIVISION 1 VCBs/OCBs, SHINE HOURS, AND MISSED/LATE 

FULLOUTS ............................................. 55 

3.1.1 Prior Hyootheses ..................................... 55 

3.1.2 Resulofthejy ................................. 55 

3.2 DIVISI3N 1 SICK DAYS, M1SSOUTS, REQUESTS OFFq AND OTHER 

FOSITIONS ............................................ 59 

3.2.1 Prior Hyotheses ..................................... 59 

3.2.2 Results of the Analysis Unlaged Data ............. 60 

3.2.3 Results of the Analysis Lagged Data ............... 64 

3.3 DIVISION 9 VCBs/OCBs, SHINEOUTS, AND MISSED/LATE 

FULLOUTS ............................................. 67 

3.3.1 Prior Hypotheses ..................................... 67 

3.3.2 Results of the Analysis .............................. 68 

3.4 DIVISION 9 SICK DAYS, MISSOUTS, REQUESTS OFF, AND OTHER 

POSITIONS ............................................ 71 

3.4.1 Prior Hypotheses ..................................... 71 

3.4.2 Results of the Analysis -- Unlagged Data ............. 72 

4. DETAILED OPERATING DIVISION ANALYSIS ........................ 78 

4.1 DiILY OPERATOR REQUIREMENTS ............................ 78 

4.1.1 Work Assignments for Extra Board Operators ........... 78 

4.1.2 Systemide Operator Reauirements ..................... 80 

S.C.R.T.D. UBRARY 



4.1.3 t'ivisionOperatorReguirements 82 

4.2 BUS OPERATIONS WITH NEGATIVE MANFOWER CONDITION LEVELS 94 

4.2.1 Use o1 VCB/OCB Operators .............................. 94 

4.2.2 RecuCing Report Operator Reuirements ................ 97 

4.2.2.1 Division 1 Report Operator Requirements ............ 98 

4.2.2.2 Division 9 report Operator Requirements ............ 101 

4.2.3 Combining Biddable and Non-Biddable Trippers ......... 102 

4.2.4 Service Cancellations ................................ 105 

4.2.5 Withholding Open Biddable and Non-Biddable Trippers 

From Markup ........................................ 105 

4.2.6 Withholding Regular Runs from Markup ................. 106 

4.2.7 Using Operators After Missing Out .................... 106 

. 

. 



In October, 1984, the Southern California Rapid Transit District engaged a 

consultant team headed by Schimpeler Corradino Associates to develop an 

efficient bus operator planning system that encompasses the hiring of new 

trainees, scheduling of bus assignments per operating division, and bus 

operator staffing needs. The project Is one of five being funded under 

the Transit Operator Performance Improvement Fund (TOPIF) for the 

District. TOPIF was established by the Los Angeles County Transportation 

Commission (LACTC) to implement selected recorrnendations of the recently 

completed SB 759 performance audit of County transit operators that 

included the District. More specifically, the project has been designed 

in accordance with the following Problem Statement taken from the 

District's FY 1985-89 FIve-Year Short-Range Transit Plan. 

'In pursuit of the goal of maximum efficiency, a system of integrated 

planning must be established at the front end of the manpower 

acquisition process which will enable the District to respond 

effectively and In a timely manner to service fluctuations - 

Darticularly those which take place after the planning and budgetary 

roceses fr a given fiscal year have be.n cornpletea. A structural 

program Is needed in which sufficient account is taken of budgetary, 

training, and staffing levels, throughout the process of planning and 

scheduling changes in service levels, locations or times.' 

Phases I and II have been completed and provided a series of 

recommendations to the District on manpower planning and allocation. 

These recommendations were contained in the Phase II report, submitted to 

the District in February, 1985. 

In September, 1985, work was commenced on Phase III of the project. 

Specifically, this phase was designed to evaluate the District-wide 

setting of 1.27 as the operator-to-assignment ratio using available 

District dal.a for a 2-week time period frcxn ApcIl through 3eptembr, 

1985. For a few weeks in May and June, 1985, the District operated at an 

operator-to-assignment ratio of approximately 1.27. In August and 

September, the operator-to-assignment ratio has been below 1.30 due to 

operator attrition following the July 1 service reductions. In this phase 

of the study, available data has been analyzed to quantify the effects of 

reduced operator-to-assignment ratios. 

To investigate the effects of a reduced operator-to-assignment ratio, data 

analysis was conducted using systemwide and division-level data although 

the analysis was necessarily limited for individual operating divisions 

due to limited project resources. Initially, various graphical displays, 

frequency tabulations, and cross-tabulationsof the data for individual 

divisions and for the system as a whole were developed. Based upon the 

study tearTv's analysis of these displays, statistical tests have been 

formulated to determine the nature and significance of observed 

associations in the data. This analysis has resulted In statistical 

models that are able to describe the results of operating under a range of 

operator-to-assignment ratios. The development and specification of these 

models are presented in chapters 2 and 3 of this report. 
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. Two operating divisions were selected for an In-depth review of the daily 
markup, operator utilization, and dispatching results. This analysis was 

undertaken as the basis for identifying possible improvements in managing 
operator availability at lower operator-to-assignment ratios and to 

validate the results of the weekly data analysis and model development 

efforts. From this analysis, techniques used for managing operator 
availability under varying operator shortage conditions have been 

identified and are discussed in chapter 4. 

1.1 KEY OPERATOR PLANNING ISSUES 

The analysis carried out In this phase of the project has been directed to 

focus on key issues related to operator manpower planning at the District. 

More specifically, issues identif led by the study from include the 

following. 

o Can the District's operations be maintained at an operator-to- 

assignment ratio of 1.27 without advirsely impacting service 

reliability and safety? 

Wa is the Rlaa ost1 !)peraor-tc-asignme. raio for the 
District's operations? 

o Does operator absenteeism Increase as the operator-to-assignment 

ratio is lowered? 

o Can operators be effectively employed for overtime work on days In 

order to reduce total manpower requirements for the District? Is 

there a limit on the amount of days off work that can be 

scheduled? What other methods may be employed to maintain 

scheduled operations under operator shortage conditions? 

o Do Individual operating divisions respond differently as the 

opratr-to-agnaer1t t"tIo is lowered? Ca th different 

responses be anticipated by examining the characteristics of the 

division's service operated and operator work force? 

o How can the District apply Phase III results to assist with its 

on-going operator planning requirements? Can Phase III results be 

applied to monitor and update operator-to-assignment ratios In the 

future, possibly as part of the TRANSMIS-II systems currently 

being designed and Implemented? 

For certain Issue areas, no resolution has been possible althou h anal sis 

results may provide further Insi hts Into the Issue. Chap er 5 surwnarizes 

ings and conclusions rela ed to each of the key 

1.2 OVERVIEW OF OPERATOR PLANNING AND ALLOCATION 

The operator planning and allocation process is a complex one, 

particularly for a transit system as large as the SCRTD. Importantly, the 

results of this process can significantly impact both the cost and quality 

of services provided. If operator requirements are not anticipated in an 
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effective manner resulting in a shortage of operators, the results may be: 

o higher costs due to increased operator overtime; 

o increased absenteeism related to the availability of additional 

overtime work; and 

o reduced service reliability from missed pullouts and trips. 

On the other hand, a surplus of operators may ensure that absenteeism 

levels are controlled and that service reliability is maximized but may 

also result in higher costs due to Increased operator guarantee time and 

fringe benefit costs. In May, 1985, the District employed approximately 

4,200 full-time operators and 620 part-tIme operators. Expressed as full- 

time equivalent (FTE) operators, this 620 amounts to a total of 4,510 

operators. Total operator requirements may be broken down as the 

following. 

o SIxty percent for scheduled five-day work runs which are usually 

bid and operated by operators for an extended time period. 

o Seventeen percent for scheduled service which has not been 

combined into work runs. Typically, this Include spleces of work 

In the a.rn. or p.m. peak periods that are 1-5 hours in length and 

are referred to as 'trippers.' This also included 'extra service' 

scheduled on temporary change notices or 'pink letters.' 

o Twenty-three percent to protect for operators being absent and not 

available for driving work. 

Weekly work runs are developed by the Scheduling Department for bidding by 

operatocj. These work runs ire built b' comblnlr.g ;eday, turday, and 

Sunday work assignments Into five-day work packages that provide for two 

consecutive days off. If it were assumed that no operator absence occurs 

and all service is scheduled into five-day work runs, operator manpower 

requirements would equal the number of scheduled five-day work rung. 

However, operators are absent for various reasons and not all service Is 

scheduled into five-day work runs. Only about 60 percent of the required 

number of operators is based on the number of scheduled work assignments. 

Daily work runs are built by the Scheduling Department In conformance with 

established work rules and practices which govern both the type of runs 

being constructed and the cost of these runs. Most of these rules and 

practices are specified in the District's contract with the United 

Transportation Union (UTU) which represents the District's operators. The 

cost of work runs Is of particular importance, and the 'least cost' set of 

runs should account for the following. 

o Operator pay costs for all scheduled work runs Including pay 

allowances and premiums. 

o Operator pay costs for scheduled service which is not combined 



into regular work runs, but which Is assigned daily to operators 

or worked by part-time operators. 

a Indirect operator fringe benefit costs. 

a Other direct and indirect costs resulting fran the operation of 

scheduled services. 

At the SCRTD, the aver-age pay hours for a daily work run Is approximately 

eight hours, 40 minutes. Whether or not this average number of pay hours 

represents the least cost sizing for work runs is a complex problem that 

involves consideration of the interaction of diverse work rules and of the 

characteristics of service provided. Many of the optimization strategies 

which are available, including those considered in this report, address 

only part of this problem due to Its complexity. 

Not all scheduled service may be combined or broken up to form operator 

work runs. This may be due to limitations for the building of work runs 

or designeo to obt&mn lower o?eratlng costs. Mpproxlmatel'j 1 per-cent of 

the District's operator- requirements are related to the operation of 

scheduled service in this manner, primarily for trippers In the a.m. and 

p.m. peak periods which may be operated in one of the following ways. 

1. Tripper-s that contain between two and one-half and five hours of 

work time may be assigned to subject 

District's limitation than the number of part-time operators does 

not exceed fifteen percent of the number of full-time operators. 

2. Trippers with less than three hour-s of work time may be designated 

as being ublddable.0 An operator may select a biddable tripper 

together with a regular work run provided that the total work time 

toes not xceea 1 hours, 40 nInus. A mIiimurn Lf hou of 

pay time is guaranteed for working a biddable tripper. 

3. Non-Biddable tripper-s not designated for part-time operators 

andopenu biddable tripper-s are marked UP individually, paired, 

or combined with other available work runs for daily assignment to 

extra board operators or operators working on overtime. 

Presently, the District operates approximately 1,750 scheduled tripper-s of 

which 600 are assigned for bidding by part-time operators, 500 are 

biddable for full-time operators, and 650 are non-biddable tripper-s marked 

up daily for extra board operators. 

Operators may be unavailable for work for a number of reasons governed by 

provisions of the UTU labor agreement. Additional operators must be 

retained to cover work assignments that are 
uopenw because of operators 

being absent or not available for work. At the District, approximately 23 

percent of operator staffing requirements are for this purpose. 
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Operators may be absent or unavailable for work I or a number of reasons 

that include: 

o vacatIon time which may be scheduled annually; 

o sick leave for operator illness; 

o other leave time provided for In the UTU labor agreement; 

o discretionary leave requested by operators; 

o assignment of operators to other positions (dispatching, 

supervision, radio dispatching, Instruction, and traffic 

checking); and 

o disciplinary leave required by District management. 

ndar ar 1983, full-time operators at the District averaged over 

\? 55 da s absent or not available for driving work. This total of lost time 

ooes not include regularly scheduled days off or time off for District 

.-oiidays. Base.i on tabulations of 198 o&ratin data for this pro.jct, 

It appears that the number of days absent and not available may have 

declined since 1983. The recently-completed performance audit of the 

District's operations by the Los ?ngeles County Transportation Cozxsiission 

(LACTC) expressed considerable concern over the levels of operator days 

absent and not available for driving work at the District. Methods used 

by the District for managing operator need to account 

potentially adverse effects on operator absenteeisn rates. 

S 

For operator planning, absenteein is particularly problematic due to 

daily variations In the number of operators absent or not available for 

work. In some cases, these absences may be known in advance so that 

appropriate action may be taken such as an extra board shakeup to change 

days ofi, Nselliny open trippers, or cal1n lr operdtos fcr dayu off 

work. For other absences, report operators are assigned when it is 

determined that an operator will not be working. For determining operator 

requirements, It is not irrmedlately clear at what level operator staffing 

should be established -- at the 'averaged number of daily open runs, at 

the level equal to the lowest number of open runs, or at the level equal 

to the highest number of open runs? If the operator staffing level for 

protecting against open runs were set for the minimum number of daily open 

runs (or nearly so), open runs In excess of this number would be worked by 

operators on overtime. Otherwise, these runs would be cancelled. If 

worked on overtime, this will be done primarily by utilizing operators on 

their scheduled days of f. Days off work may be done on either a voluntary 

basis (VCB) or be required by the District (OCB). With Increased levels 

of operator staffing, the District would be required to pay guarantee time 

to extra board operators for whom no work is available. Since 

requirements to protect against operator absences represent 23 percent of 

the District's operator staffing, it represents an area where special 

attention is deserved. 
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2. SYSTEMWIDE DATA 

2.1 VCBs/OCBs, SHINEOUTS, AND MISSED/LATE PULLOUTS 

As the operator/assignment ratio decreases, there are fewer operators 

available to the dispatcher to operate the service. Therefore, It should 

e expected that the number of VCBs and OCBs would Increase, to cover 

unscheduled absences by operators, or that missed and late puflouts would 

increase. If VCBs and OCBs Increase sufficiently, no change should occur 

in missed and late pullouts. Alternatively, if VCBs and OCBs are not 

Increased sufficiently to cover all unscheduled absence, then missed and 

late pullouts should increase. 

The opposite relationship should be expected for shineouts. As the 

operator/assignment ratio decreases, the number of shineouts should 

decrease. This effect will be reduced or will disappear if too many VCBs 

and OCBs are called in, or if the number of late and missed puliouts Is 

allowed to increase. 

( Given the Interrelationships between these three variables, It should 

) never be the case that VCBs, OCBs, and late and missed pullouts increase, 

shineouts aecrease, and the operator/assignment ratio decreases all in the 

) 
same week. Similarly, VCBs/OCs, and late and missed pullouts should not 

both decrease at the same time that shineouts increase and the 

\..operator/assignrnent ratio increases. 

2.1.2 Results of the Analysis 

Analyzing the change between weeks, there are 25 week-to-week changes in 

the 26-week period under study. For 17 of these week-to-week changes, 

VCB/OCBs per assignment change in the opposite direction to the 

operator/assignment ratio; f or 15, late/missed ullouti also chng in the 

opposite direction to the operator/assignment ratio: while shineouts per 

assignment change In the same direction as the operator/assignment ratio 

only 9 out of 25 times. Taking VCB/OCBs and late/missed pul louts 

together, there is a change in one or both on 21 week-to-week changes that 

is in the expected direction. Adding the effects of shineouts, the 

correct composite change occurs on 23 of the 25 week-to-week changes. 

There are two occasions -- from week eleven to week twelve (week ending 

June 8 to week ending June 15) and from week eighteen to week nineteen 

(week ending July 27 to week ending August 3) when the exact reverse of 

the expected pattern of changes occurred. 

Shineouts are examined in the following analysis. However, It is apparent 

that shineouts may be a poor measure of unscheduled overtime. 

Technically, there is very little distinction between 7-1/2 hours of shine 

and a half hour of duty and 8 hours of shine, the second of which defines 

a shineout. As a result, a second measure is examined in the following 

analysis, consisting of total report hours per assignment. This is a 

Smeasure of the total amount of time not operated by operators on duty. 

There is no strong evidence here that there is any lagged effect on the 



three variables from the operator/assignment ratio, nor is there any 

reason to expect that there will be such an effect. Within a day-to-day 

variation, some lagging of the effect of operator availability might 

occur. but this should not be evident on week-by-week data. 

Examining trend plots of the three variables against the 

operator/assignment ratio as shown in Figure 2-1, the following 

conclusions appear: 

a. Weeks I through 7 (endIng 3/30 through 5/11): 

The operator/assignment ratio decreases throughout this period, 

starting at 1.30 in the first week and declining to a level of 

1.24 systemwide by the week ending May 11, a drop of 4.6 percent. 

The VCBs/OCBs per assignment begin at 0.11 and increase to a high 

of 0.23 by the week ending May 4, as would be hypothesized. 

However, they drop slightly to 0.21 In the last week of the 

period. Overall, the VCBs/OC3s show about the expected 
relatIonship with the Operator/Assignment Ratio, with the 

exception of tne last wEEk of the psriod. 

Late and missed pullouts per assignment increase throughout the 

period from an initial value of 0.010, reaching a maximum by week 

seven. This occurs at a value of .036 late and missed pullouts 

per assignment. The rise in late and missed pullouts as the . Operator/Assignment Ratio drops is an expected result, and is 

indicative of the fact that the increase in VCBs/OCBs is not 

sufficient to allow maintenance of the low initial level of late 

and missed pullouts. 

. 

Shineouts per assignment decrease over the first four weeks, but 

show a slight increase In the sixth and seventh weeks. They 

begin the pericc. dt .03F per assign.nent, di.op t .0319 by the 

fourth week and rise to .0038 in the seventh week. Report time 

per assignment is unavailable for the first four weeks. For the 

last three weeks, as shown In FIgure 2-2, it Increases from 1.475 

hours per assignment to 1.589, following a similar pattern to 

shineouts. The Increase In shine hours and shineouts as the 

Operator/Assignment Ratio decreases, VCBs/OCBs increase, and late 

and missed pullouts increase Is not an expected result. It would 

appear to suggest that a scheduling problem has developed, where 

extraboard and VCBs/OCBs are not necessarily available when 

shortages of operators occur, while they are available at other 

times of the day when there is no shortage. 
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Overall, this period shows the expected relationships between . Operator/Assignment Ratio and each of VCBs/OCBs and late and 

missed pullouts. However, changes In shineouts and report hours 

are not as expectea and Indicate that dispatchers may not have 

been able to anticipate changes in operator availability as 

effectively as would e hoped. 

b. 1eeks B through 14 (ending 5/18 through 6/29): 

The operator/assignment ratio is essentially constant through 

this period at a value of 1.24, although a slight increase to 

1.25 occurs in the week ending June 1, but drops back to 1.24 In 

the following week. 

The VCBs/OCBs per assignment fluctuate quite widely over this 

period. After rising initially to 0.24, the VCs/OCBs then 
decline over two weeks to 0.16, climb back to 0.24 over the next 

two weeks, and:drop back to 0.21. by the fourteenth week. Given 

the steady Operator/Assignment Ratio through the period, these 

fluctuations in VCBs/OCBs are clearly generated by something 

other th the pratcr/Asir,mrnt Patn. Ai exam1nitic'n o' 

absence, as shown in Figure 2-s, during the period shows that 

absence climbs from week seven to week eight and then declines 

quite sharply through weeks nine and ten. It appears, therefore, 

that the decline in absence generates the need for additional 

VCBs/OCBs in week eight and also generates the decrease in 

VCs/OCBs over the next two weeks. Over weeks eleven through 

fourteen, absences rise again, and this generally parallels an 

overall rise in VCBs/OCBs. There are week-to-week fluctuations 

that do not create a parallel between VCBs/OCBs and absence. but 

the trends are similar. 

Late and missed pullouts decline over the first three weeks of 

this per'od from the high at te erd nf the previous perior.. 

Start ing from a high at the end of the previous period of 0.036 

per assignment, they decline with the OCBs/VCBs to a low of 0.013 

b week ten. They then rise gradually to 0.031 by the fourteenth 

week. Durin the first three weeks of the period, the decline is 

not cons:stent with the static Operator/Assignment Ratio and 

ceclining VCBs/OCBs, suggesting that the decline In absence 

provides sufficient operators to improve on-time pullouts. For 

the remainder of the period, given the changes In VCBs/OCBs and 

the changes discussed below in shineouts, the late and missed 

pullouts change consistently, indicating that shortages of 

operators generate increasing missed and late. pullouts, as 

expected. 

As shown in Figure 2-1, the shineouts per assignment are fairly 

steady at around 0.004 per assignment for the first two weeks of 

this period, then rise rapidly to 0.009 In the next two weeks. 

They then fall equally rapidly back to 0.0028 by the fourteenth 

week. The report hours per assignment show a slightly different 

picture. Over the first four weeks of the period, report hours 

per assignment vary significantly from 1.512 in week eight to 
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1.689 In week nine, 1.548 In week ten, and 1.759 In week eleven. . This pattern is quite unlike that of the shineouts. In the last 

three weeks of the period, the report hours decline from 1.783 to 
1.525, paralleling a decline In VCBs/OCBs and a rise in late and 

missed pullouts. Except for week seven to week eight and week 
eight to week nine, the report hours per assignment change In the 

same direction as VCBs/OCBs, as would be expected. The decrease 

from week seven to week eight coincides with the increase in 

absence and presumably Indicates that extraboard operators were 

used more effectively in week eight. The increase in report 

hours to week nine may Indicate an Insufficient cut In VCBs/OCBs, 
as absence, particularly unscheduled absence, declined 
significantly. 

Overall, this period shows evidence of VCBs/OCBs responding to 
absence characteristics, when Operator/Assignment Ratio is 

static. The changes In late and missed pullouts and shineouts, 

shown in Figure 2-1, and report hours, shown In Figure 2-2, are 

as expected, given the changes In VCBs/OCBs. 

'v'e.s 15 th."oujh i' (cnU1.g 7/ through 7/2C): 

Over this period, which includes the effects of the June shake- 

up, Figure 2-1 shows the operator/assignment ratio climbing from 

Its steady state at 1.24 in the previous period, to 1.32 in week 

sixteen, and then declining slightly to 1.29 the following week. 

The rise is almost certainly a result of the service cuts 

instituted at the end of June, without any significant lay-offs 

of drivers. 

As expected, with the increases in available operators, the 

VCBs/OCBs per assignment decline markedly In the first week, but 

then begin climbing to the end of this period. Apart from the 

fact that 'he VC/OCBs stwt climbkng snorer than expected 
(possibly due to an overcompensation in adjustment in week 

sixteen), the trends are as hypothesized. 

Missed and late pullouts decline for the first two weeks and rise 

In the last week of this period, as the operator/assignment ratio 

begins to decline again. This pattern is what would be expected 

in terms of the operator/assignment ratio, with the number of 

missed and late pullouts declining as more operators become 

available from the Increasing operator/assignment ratio, and 

increasing again as the operator/assignment ratio drops. 

However, in the last week of the period, the increase in 

VCBs/OCBs is apparently insufficient to compensate for the 
decrease in operator/assignment ratio, resulting in a peaking of 

the missed and late pullouts in week seventeen. 

Shineouts per assignment increase at the beginning of the period 

(Figure 2-1), IndicatIng that the sudden decrease In VCBs/OCBs 

was still insufficient against the increase in the 

operator/assignment ratio. The system appears to be quite 

unstable with respect to shineouts over the period, with a sharp 
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increase in shineouts in the fifteenth week, even though the 

VCBs/OCBs drop significantly, then a decrease in shineouts, while 
VCBs/OCBs rise and the operator/assignment ratio rises In the 

sixteenth week. In the seventeenth week, shineouts rise again, 

as the operator/assignment ratio drops, VCBs/OCBs rise, arid 

missed and late pul louts rise. The report hours per assignment 
(Figure 2-2) show a more stable pattern. The initial rise In 

shineouts is paralleled by a rise in report hours per assignment 

from week fourteen to week fifteen. Report hours then decline 

for the remainder of the period from a high of 2.0 to 1.81. 

Given that both VCBs/OCBs and late and missed pullouts rise In 
this period, the report hours should decline. 

Overall, this period shows some instabilities as the 

operator/assignment ratio made some of its largest week-to-week 

changes, resulting from the June shake-up. Generally, the 

hypothesized relationships seem to hold, although there Is 

evidence that the system takes two or three weeks to recover from 

the shake-up. 

d. "eeks 1 th'rugh 24 (endIng 7/2? through 9/7: 

As shown in Figures 2-1 and 2-2, durIng this period the 

operator/assignment ratio Is steady at 1.29 for the eighteenth 

through twenty-first weeks, then decreases to 1.28 for the next 

two weeks, and returns to about 1.29 for the last week of the 

period. 

Despite the stability of the operator/assignment ratio, there are 

some significant changes in the VCBs/OCBs through the period. 

Initially, the VCBs/OCBs per assignment decline from the peak of 

0.18 in week seventeen to a low of 0.12 in week nineteen. Over 

the next two weeks, the VCBs/OCBs rise slightly to 0.14, then 

peak in the twenty-third week t 0.22, dropping beck to around 

0.14 for the last two weeks of the perIod. The sudden rise 

occurs in the same week that the operator/assignment ratio 

declines from 1.29 to 1.28. The size of the increase seems, 

however-, to be out of proportion to the change in 

operator/assignment ratio. Presumably this is why VCBs/OCBs 
imediately ar-op back to 0.155 the following week, and then to 

almost 0.13 in the final week, when the operator/assignment ratio 

increases back to 1.29. It Is notable also that there is a 

marked increase in absences in the twenty-second and twenty-third 

weeks, the peak In week twenty-two being from requests off and 

the peak in week twenty-three being from rnissouts. These may be 

responsible for the extent of the peak in VCBs/OCBs in week 

twenty-three. 

Missed and late pullouts decline from week eighteen through week 

twenty-two, dipping more sharply in week twenty-two, when the 

VCBs/OCBs peak. In week twenty-three, the missed and late 

puilouts Jump sharply upwards from .007 to 0.023, but then 

decline to 0.016 for the last week In the period. Given the 

stability in operator/assignment ratios, the decline in missed 
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and late pullouts appears to be primarily In response to changes 
in VCBs/OCBs, after the effects of the June shake-up have settled 
out of the system. Generally, the missed and late pullouts 
decline as VCBs/OCBs rise, and rise when VCBs/OCBs drops, as 

expected. 

After declining from week seventeen to week eighteen, the 

shineouts (Figure 2-1) rIse from a low In week eighteen of .003 

to 0.01 in week twenty. This rise occurs as VCBe/OCBs rise, and 
as a slight upward movement in operator/assignment ratio occurs. 

Shineouts remain high over weeks twenty, twenty-one, and twenty- 

two, and then decline over the remaining two weeks of the period. 

The decline occurs as VCBs/OCBs also decline, as expected. 
Report hours (Figure 2-2) again show a significantly different 

pattern from shineouts. The report hours per assignment decline 
from 1.81 in week seventeen to 1.75 in week eighteen. The 

following week, report hours return to 1.91, then decline 

slightly to 1.85, and then peak at 2.08 In week twenty-one. For. 

the remainder of the period they decline to 1.40 by week twenty 

four. Given that the Operator/Assignment Patio is static through 

tF.13 prid, tL expected dri1ng fo: on report hoes 'il b 

the VCBs/OCBs. From week eighteen to week nineteen, VCBs/OCBs 
decline, but report hours increase and missed and late pullouts 

decrease. This is contrary to expectation, but is indicative of 

some change in the scheduling of extraboard operators (including 

VCBs/DCBs) that may be accommodating the pullout requirements 

better. Similarly, from week nineteen to week twenty, VCBs/OCBs 
rise and there is also a slight increase in Operator/Assignment 

Ratio, while report hours decrease and late and missed pullouts 

decrease. Again, the expectation would be that report hours 

should have risen in this period. From week twenty to week 

twenty-one, VCBs/OCBs rise further, Operator/Assignment Patio 

decreases slightly, late and missed pullouts decrease again, and 

report curs i-irrea5e. Th1 is on1stent with pric" hypothr,es. 

From weeks twenty-one to twenty-two, the Operator/Assignment 

Ratio decreases slightly, VCBs/OCBs rise sharply, late and missed 

pullouts drop, and report hours decrease slightly. Again, this 

is not as expected, but can be accounted for by changes in the 

time-of-day distribution of the VCBs/OCBs. For the remainder of 

the period, report hours drop sharply as VCBs/OCBs drop, as 
expected. 

Throughout this period, the hypothesized relationships among 

these variables appear to hold quite well, with VCBs/OCBs and 
shineouts varying together, and missed and late puliouts changing 

in the opposite direction to these two variables. Figures 2-1. 

and 2-2 show that the operator/assignment ratio is fairly steady, 

so that there appear to be other factors, as In weeks 8 through 

14, that are generating the changes In each of the other 

measures. The exception to the consistent pattern Is about four 

weeks of report hours per assignment, but these can be accounted 

for' largely on the assumption that there are variations in the 

times when VCBs/OCBs report, in relation to the schedule of 

pullouts. 

13 



e. Weeks 25 and 26 (ending 9/14 and 9/21): 

A minor shake-up took place on September 8 that affects the 

performance in the last two weeks of the study period. Service 

was added back after the service cuts In June, resulting in a 

sharp drop in the operator/assignment ratio to 1.26 in week 

twenty-five, although it recovered to almost 1.28 in the 

following week. 

As shown in Figure 2-1, as a result of the drop in the 

operator/assignment ratio, the VCBs/OCBs per assignment increases 

in week twenty-five, decreasing again In week twenty-six, as the 

operator/assignment ratio recovers. These changes are as 

expected. 

Missed and late pullouts 

0.034, the highest value 

statistic then decreases 
week. Again, these chan' 

appear to be a result of 

ratio. 

increase sharply in week twenty-five to 

in the entire twenty-six weeks. This 

quite sharply to 0.024 In the final 

es occur in the expected direction, and 

the changes In operator/assignment 

Shineouts per assignment decline through both weeks. In the 

first week, this is expected, as the operator/assignment ratio 

drops and the VCBs/OCBs rises. However, one would expect that 

shineouts might have Increased In the last week, as the 

operator/assignment ratio rose and VCBs/OCs dropped. Report 

hours per assignment also decrease In the first week of the 

period, consistent with the drop in Operator/Assignment Ratio and 

the corresponding increase In VCBs/OCBs. In the second week, the 

report hours rise, as it would have been expected the shirieouts 

should rise, but did not. Therefore, total report hours per 

assignment shows the expected relationship to the 

Operator/Assignment Ratio in bcth weeks. 

Overall, these two weeks show the expected interrelationships 

between the Operator/Assignment Ratio, the VCBs/OCBs, late and 

missed pullouts, and report hours. Only shineouts is an 

exception to this. 

2.2 SICK DAYS, MISSOUTS, REQUESTS OFF, AND OTHER POSITIONS 

As the Operator/Assignment Ratio decreases, operators are effectively 

being asked to work more, with more opportunities for overtime work, and 

fewer opportunities to shine out. The demand for VCBs and OCBs is likely 

to increase, and this may be expected to generate some increase In the 

nurnoer of missouts and sick days. Therefore, under conditions of a 

aecreasing operator/assignment ratio, it is expected that sick days and 

missouts will increase. Furthermore, one could anticipate that requests 

for a day off will increase, but the requests granted will decrease. As a 

result, there shoula be evidence of a declining number of requests off In 

the data (which relate to actual operator days off allowed from a 
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request), and missouts or sick days should Increase as operators use these 

as alternative methods to take time off that has not been granted from a 

request. 

Generally, Vacation Days off will not be affected by the 
operator/assignment ratio and the responses to It. However, variations in 

the Vacation Days off affects the total pool of operators available in any 

civen week, and is likely to have an effect on the other types of 

absenteeism. Higher numbers of Vacation Days will be likely to increase 

the effect of a decreasing Operator/Assignment Ratio, and lower numbers of 

Vacation Days Off will be likely to diminish the effect of a decreasing 

Operator/Assignment Patio. In all these relationships, there is the 

poss1i]ity that there will be a lag effect that might be as much as two 

or three weeks. In the event that the number of Vacation Days Off rises 

to some significant peaks in the period, there should be a higher use of 

VCB/DCBs, fewer shine outs, and potentially more Missed and Late Pullouts, 

irrespective of the Operator/AssIgnment Patio. 

The reverse patterns should be expectec when the Operator/Assignment Patio 

is increasing, implying a growing pool of operators for the available 

s'.nments. In th' cas', there should be a nd for fewer VCBs and 
OCBs, less overtime opportunicies, and a resulting decline In unscheduled 

absences. Again, significant variations in Vacation Days Off wIll be 

likely to change the pattern, with a peak in Vacation Days Off diminishing 

the tendency for unscheduled absences to decline and a valley in Vacation 

Days Off tending to increase the declines in unscheduled absences. 

Other Positions covers absence from driving duties by operators who are 

temporarily assigned to fill other positions, including dispatching, 

supervision, training, and traffic checks. Generally, these assignments 

are made to cover absence of personnel from such positions as dispatcher, 

to cover unusual increases In the need for training supervisors, and for 

situations where there is a need to undertake an unusually intensive ride 

check, or other monitoring activity. For the most part, variations in 

this absence category for the period under study should relate to coverage 

of regular staff vacation times. Assuming that such vacations will be 

spread through the period In a similar fashion to operator vacations, it 

would be expected that other positions will generally follow a similar 

pattern to vacation days off. 

$J1FtDUI1Ii1 

Analyzing the change between weeks, there are 25 week-to-week changes in 

the 26-week period under study. For 17 of these week-to-week changes, 

Requests Off per assignment change in the opposite direction to the 

operator/assignment ratio: for 13, Sick Days per operator also change in 

the opposite direction to the operator/assignment ratio; other positions 

per operator change in the opposite direction for 12 week-to-week changes: 

and missouts per operator change in the same direction as the 

operator/assignment ratio only 10 out of 25 times. Total unscheduled 

aosences change in the expected direction on 14 of the 25 week-to-week 

periocs. However, in 24 of the 25 week-to-week periods, at least one of 

the unscheduled absence categorIes sick, missout, request off, and 

other positions -- varies in the expected direction against 
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operator/assignment ratio. There are peaks In vacation days per operator 

in the period. The first of these occurs around week seven (May 11), but 

is brief and the figure declines immediately after that week. There Is a 

second, higher, and prolonged peak in weeks 19 through 24 (the month of 

August and first week of September). During that period, unscheduled 

absences maintain a somewhat lower level than during the remainder of the 

study period. Total absences, therefore, exhibit less variation and there 

ts not a defined, prolonged peak during August. Overall, there is a peak 

that is maintained for four consecutive weeks from week six through week 

nine, and a second peak in week twenty-four, which includes the Labor Day 

weed. 

There is some evidence here that there Is a lagged effect on some of the 

absenteeism variables from the operator/assignment ratio. In looking at 

the correlation of increases and decreases from week-to-week, it appears 

that rnissouts per operator are lagged about a week behind changes In the 

operator/assignment ratio. With a one week lag, the number of changes 

that have a sign opposite to the change in operator/assignment ratio 

increases from 10 out of 25 to 15 out of 24. Similarly, days of f for 

sickness appear to correlate most highly with a two-week lag, where the 

oerrntagr c occurrncs a change in value from week-to-week that is 

opposite to the operator/assignment ratio increases from 5. percent 

unlagged to 57 percent. Requests off correlate most highly without 

lagging at all, while other positions correlate most highly when lagged by 

two weeks (5? percent versus 48 percent uniagged), a finding which is not 

expected and is not obviously explicable. 

Examining trend plots of the four absenteeism variables against the 

operator/assignment ratio, the following conclusions can be drawn for the 

unlagged effects: 

a. Weeks 1 through 7 (ending 3/30 through 5/11): 

Th operator/as1qnment ratio decreases throughout this period, 

starting at 1.30 in the first week and declining to a level of 

1.27 systemwide by the week ending May 11, a drop of 4.6 percent. 

Vacation days off start at their lowest value for the entire 

period and climb from the first to the second week, increasing 

from 0.183 days per operator to 0.217. Over the next three 

weeks, they decline to 0.185, then rise to 0.255 by the seventh 

week. 

As shown In FIgure 2-4, rnissouts per operator show generally an 

upward trend over this period, as would be hypothesized, 

increasing from 0.055 to 0.058 per operator. There is a sudden 

peak in week six to 0.068, which appears to be the result of a 

sharp decrease in operators rather than the result of a 

significant upward move in the number of days of f. In fact, the 

total number of days off for missouts is Identical In weeks five 

and six, while the full-time operators decline by 35 from 4264 
to 

4229, and part-time operators increase from 603 to 609. Full- 

time equivalent operators decline from 4565.5 to 4533.5. 

Sick days off per operator rise between the first and second 

16 



. 

weeks from 0.447 to 0.507 and then remain fairly stable around 

0.5 until the seventh week. At that time there Is a significant 
drop back to the level of the first week. A small peak to 0.511 
occurs in the sixth week that is similar to but much-smaller than 

the peak In missouts. The expected increase in sick days off 

with decreasing Operator/Assignment Ratio is not evident in this 

per I od. 

Requests off decline sharply during the first three weeks from 
0.096 to 0.078 days per operator. In the next two weeks, they 

rise back to 0.098, decline In the sixth week to 0.090, whIle 

sick days and missouts peak, and rise again In the seventh week 

to 0.096. The initial drop In requests off appears to be a 

dispatcher response to the declining operator/assignment ratio, 

indicating fewer requests for a day off being approved. After 

the initial drop In the operator/assignment ratio, It appears 

that dispatchers found fewer problems than expected in getting 

service out and permitted more requests off to be taken after the 

third week. As a result, there is also little evidence of the 

expected decrease in request off resulting from a tighter labor 

.i tuat ion. 

Other positions per operator decline over the first three weeks 

from a value of 0.09t In the first week to 0.076 by the third 

week. For the balance of the period, other positions rise 

steadily to a value of 0.087 at the end of the period. Overall, 

other positions seems to parallel vacation days off as expected, 

but about a week ahead in this period, and also seems to parallel 

requests off. There appears to be little correlation, positive 

or negative, with the operator/assignment ratio, also as 

expected. 

Overall , as shown in Figure 2-4, missouts per operator show the 

expected increase with decreasing Operator/Assignment Patio, but 

the expected increase in sick days off and &crease i. request 

off are not apparent from this period. The parallel between 

Vacation Days Off and other positions is apparent through most of 

the period. 
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b. Weeks 8 through 14 (endIng 5/18 through 6/29): 

The operator/assignment ratio is essentially constant through 

this period at a value of 1.24, although a slight increase to 

1.25 occurs in the week ending June 1, but drops back to 1.24 in 

the following week. Vacation days off fall initially from the 

high of 0.255 at the end of the previous period, reaching a low 

of 0.210 In the tenth week. From this point on, through the 

remainder of the period, vacation days of f rise steadily to 0.260 

by week fourteen. This same pattern is evident in total absences 

per operator, which fall from the eighth week to the tenth week, 

and then rise through the remainder of the period. 

Missouts per operator decline slightly from the seventh to the 

eighth weeks, then climb for the next three weeks. From week 

eleven to week twelve, the missouts per operator drop sharply 

from 0.064 per operator to 0.049, but then rise again to about 

0.059 for the next two weeks. Given that the operator/assignment 

ratio is stable through this period, it Is apparent that this 

characteristic Is not the one that influences the missouts per 

operator, Frr th' first part of the pr1od, s vacation days off 

fall, missouts increase, with nlssouts Leaching a peak one week 

after the lowest level of vacation days off occurs. In the 

remaining weeks, however, after a sharp drop In missouts as 

vacation days off starts to increase, missouts also increase for 

the remainder of the period. There appears, therefore, to be 

only sporadic evidence of a relationship between rnissouts and 

each of the operator/assignment ratio and vacation days off. 

Sick days off per operator decline generally throughout this 

period. They begin at 0.469 in the eighth week and decline to 

0.397 by the fourteenth week. A significant dip occurs in week 

ten, with the value reaching a low of 0.379, coinciding with the 

low n v&cation iays off, and low points for the period in both 

other positions and requests off. A very small rise occurs in 

that week in the operator/assignment ratio, but this seems 

unlikely to explain the shifts in these other measures. The same 

week does show, however, a significant drop in the VCBs/OCBs, as 

might be expected, given a reasonably stable operator/assignment 

ratio and a low in most measures of scheduled and unscheduled 

absence. Overall, there is a decline in sick days off, which is 

not the pattern expected against a stable Operator/Assignment 

Ratio. 

Figure 2-4 shows that requests off decline over the first three 

weeks of the period from 0.093 in the last week of the previous 

period to a low of 0.090 in the tenth week. In the next two 

weeks, there is a rise to 0.106, followed by a decline over the 

remaining three weeks to 0.103 in the fourteenth week. Contrary 

to what might be expected, the pattern in these changes matches 

the directional changes in operator/assignment ratio in reverse. 

That is, as the operator/assignment ratio falls, requests off 

rise, while small increases in the operator/assignment ratio are 

accompanied by decreases in requests of f. 
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Other positions per operator generally parallel vacation days off 
and sick days off, declining from the end of the previous period 
to the tenth week, where a low for the period occurs, and then 
rising generally for the remainder of the period. Ad1p occurs 
in the other positions in the twelfth week, coinciding with a dip 
in sick days off and inissouts. The parallel of this absence 
category to vacation days off is as expected. 

Through this period, none of rnlssouts, sick days, nor requests 
off show the expected relationships with the Operator/Assignment 
Patio or Vacation Days Off. Only other positions shows the 
expected relationship to Vacation Days Off. 

c. Weeks 15 through 17 (ending 7/6 through 7/20): 

Over this period, which includes the effects of the June shake- 
up, the operator/assignment ratio climbs from its steady state at 
1.24 in the previous period, to 1.32 in week sixteen, and then 
declines slightly to 1.29 the following week. The rise is almost 
certainly a result of the service cuts instituted at the end of 
cure, wIthout any ?igrlflcant lay-offs of drivers. Althou 
vacations are arranged well in advance, without prior knowledge 
of the consequences of a shake-up, it Is noticeable from Figure 
2-4 that vacations drop sharply in week fifteen (the week of the 
shake-up) and then return to a level close to that prior to the 
shake-up. 

Missouts per operator rise sharply in week fifteen to a high of 
0.068. then decline even more sharply to 0.052 and continue to 
fall over the balance of this period. This decline in missouts 
is expected, given the increase In the operator/assignment ratio. 

Sick days off continue to decline from the fourteenth to the 
fifteenth week, ard then rise slightly from the fifteenth through 
seventeenth weeks. Possibly the arop In sick days to the lowest 
value of the period at 0.339 days per operator In week fifteen is 
a result of operators wanting to be around to see the effects of 
the shake-up. The rise over the balance of the period appears to 
be lagged by one week from a rise in the operator/assignment 
ratio, which would be contrary to expectations (i.e., sick days 
off should increase when the operator/assignment ratio 
oecreases). The rise is not large, however, and may be 
insignificant. The low value in week fifteen is 0.339 and rises 
to 0.368 in week seventeen. 

Requests off per operator were declinIng in the last three weeks 
of the previous period and decline more steeply in the first week 

of this period from a value of 0.103 in week fourteen to 0.087 in 
week fifteen. After a slight increase in week sixteen, they end 
the period at 0.083 in week seventeen. The decline in value for 
week fifteen appears in all absence categories except rnissouts, 
but the continuing downward trend in requests off as the 
operator/assignment ratio starts to drop after the shake-up Is as W postulated. 
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Other positions per operator drop in week fifteen to 0.101 front 

0.109 In the previous week. They rise slightly to week sixteen 

and then decline a little In week seventeen. The pattern of 

other positions parallels almost exactly the patternin vacation 
days off, again, as expected. 

Figure 2-4 shows that, overall, the primary effect that Is 

observable over this period Is a sharp decrease in all absence 

categories except missouts In the week following the June 30 

shake-up. This seems to indicate an intention of operators to be 

around In that first week, possibly to make sure they know their 

new assignments, and possibly as protection against being laid 

off, given that service was cut on June 30. After the June 30 

shake-up, requests off match the upward and downward movements of 

the operator/assignment ratio, as would generally be expected 

(i.e., the higher the operator/assignment ratio, the more 

operators are available and the more likely a dispatcher will 

grant requests off). However, trends in sick days off and 

inissouts run contrary to expectation. 

. '1ers .6 throuh 24 (en"nc' 7/'7 throt.'gh 9/7 

During this period, the operator/assignment ratio is steady at 

1.29 for the eighteenth through twenty-first weeks, then 

decreases to 1.28 for the next two weeks, and returns to about 

1.29 for the last week of the period. Vacation days off rise 

rapidly at the beginning of this period and remain high through 

all of August and the first week of September. This would be 

expected as operators attempt to take vacation during sumer 
school vacations. Vacation days off per operator are at a low of 

0.25 In week eighteen, but Jump to 0.30 In the following week, 

and continue to climb to a peak of 0.327 In week twenty-one. A 

second, higher peak is reached In the last week of the period, in 

crrljunction witi- the Lbor Day weekend, with vacation days off 
reaching 0.334 In that week. 

Missouts per operator continue to decline to week eIghteen, rise 

briefly to 0.054 in week nineteen,and then decline to 0.047 by 

week twenty-one. A sharp rise occurs over the next two weeks as 

vacation days off start to fall from their first peak, and reach 

a peak of 0.066 in week twenty-three, when vacation days have 

dropped back to a valley at 0.304. As vacation days rise for the 

Labor Day weekend, missouts drop back to a value of 0.060 in the 

last week of the period. With the operator/assignment ratio 

remaining fairly steady throughout this period, the primary 

driving force on missouts seems to be vacation days off, against 

which It changes in the opposite direction. 

FIgure 2-4 shows that sick days off per operator decline after an 

initial small rise from weeks eighteen to nineteen. A second 

rise occurs in the last two weeks of the period, with sick days 

off peaking at 0.403 in the same week as the vacation aays off 

peak for Labor Day. Apart from this coincidence In peaks, 

however, sick days off vary In the opposite direction to vacation 
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days off, as might be expected. Correlation with the 
operator/assignment ratio is not evident. 

Requests off per' operator climb from a low in the eighteenth week 

of 0.083 (equal to the previous week) to a peak for the study 

period in week twenty-two at 0.145. The increase In requests off 
occurs in parallel with vacation days off, and in spite of a 

slight decline in operator/assignment ratio. The sharp peak in 

week twenty-two does not appear to correlate with any other 
variable, however, except for a peak in the VCBs/OCBs per 

assignment. 

Other positions per operator show an overall decline over the 

period, from 0.105 at the end of the preceding period to 0.100 by 

the twenty-fourth week. Within that period, there is a slight 

increase to the nineteenth week to 0.106, followed by a drop over 

the next four weeks to 0.082. This drop is followed by an 

equally sharp rise to 0.100 in the twenty-third week, where it 

remains through the following week. Changes in other positions 

do not seem to correlate particularly strongly with any other 

variable In this period, although the direct br of change Is 

gener'lly similar to that for sick days off. 

Overall, none of the absence variables shows the expected 

correlations with Operator/Assignment Ratio or Vacation Days Of f 

in this period, and exhibit a contrary correlation In most weeks 

of the period. 

e. Weeks 25 and 26 (ending 9/14 and 9/21): 

A minor shake-up took place on September 8 that affects the 

performance in the last two weeks of the study period. Service 

was adaed back after the service cuts In June, resulting In a 

sharp drop in the operator/assignment ratio to 1.26 in week 

twenty-five, although it recovered to almost 1.28 In The 

following week. Vacation days off per operator drop from their 

peak in week twenty-four to a level 0.272 In these two weeks. 

FIgure 2-4 shows that rnissouts per operator decline over these 

two weeks from 0.060 at the end of the previous period to 0.052 

in the twenty-sixth week. A decline In the missouts per operator 

while the operator/assignment ratio increases Is as would be 

hypothesized. 

Sick days off per operator drop from week twenty-four to 0.367 

from 0.403, and then rise to 0.395 in the final week. An 

increase in sick days off when the operator'/asslgnrnent ratio 

increases is not as expected. 

Requests off per operator drop to their lowest value in the 26- 

week study period in week twenty-five, completing a 3-week slide 

from 0.145 in week twenty-two to 0.060 in week twenty-five. 

There is then an upward adjustment to 0.079 In the final week of 

the study period. The very rapid fall in requests off per 
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operator In the three weeks up through week twenty-five may be a 

S result of the high number of vacation days of f in late August and 

the beginning of September. It certainly does not appear to be 
driven by the operator/assignment ratio. The upward turn In the 

last week of the period is as expected for an Increase In the 

operator/assignment ratio. 

Other positions per operator show a marked fall from the end of 

the previous period, dropping from 0.100 In the twenty-fourth 
week to 0.077 In the twenty-fifth week. These absences then 

increase slightly to 0.079 in the last week. Again, the other 

positions parallel the vacatIon days off most closely, as 

expected. 

In this last period of the study data, missouts and other 
positions show the expected relationships. For the last week 

only, requests off also show the expected relationship. However, 

sick days off do not exhibit the expected changes In relation to 

Operator/Assignment Ratio. 

2.23 Reruls jLe n:jvsIs Laed at 

Based on the interrelationships outlined previously, it should be expected 

that the following relationships might be found In the lagged data: 

Decreases In the Operator/Assignment Ratio should give rise to increases 

Sin the demand for VCBs and OCBs, followed by lagged increases In the 

number of missouts and sick days. The reverse should also apply that 

increases in the Operator/Assignment Ratio should result In decreases in 

the lagged missouts and sick days. 

Higher numbers of Vacation Days will be likely to Increase the effect of a 

decreasing Operator/Assignment Ratio, and lower numbers of Vacation Days 

Off will b! likely to dIminish the effect of a decreasing 

Operator/Assignment Ratio. When the Operator/Assignment Ratio is 

constant, increases in Vacation Days Off should result in increases in 

VCBs/OCBs, followed by a lagged increase in sick and mlssout days per 

operator. Conversely, decreases in Vacation Days Off should be followed 

by a lagged decrease in sick and missed days. 

Other positions should generally increase when the Vacation Days Of ± 

increases and decrease when Vacation Days Off decrease. 

a. Weeks 1 through 7 (endIng 3/30 through 5/11): 

As noted previously, the operator/assignment ratio decreases 

throughout this period, starting at 1.30 in the first week and 

declining to a level of 1.27 systemwide by the week ending May 

11, a drop of 4.6 percent. Vacation days of ± start at their 

lowest value for the entire period and climb from the first to 

the second week, increasing from 0.183 days per operator to 

0.21?. Over the next three weeks, they decline to 0.185, then 

rise to 0.255 by the seventh week. 
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Figure 2-5 shows that there Is an overall trend f or the missouts 
per operator to increase over this period, from the Initial value 

of 0.055 to 0.058 at the end of the period. Within this overall 
increase, there is a sharp peak in the fourth week that coincides 

with a dip in vacation days off. The upward trend In missouts is 

what would be anticipated for a decreasing operator/assignment 
ratio, although the sudden peak in missouts does not correlate 
with the operator/assignment ratio. In this period, It appears 

that the rnissouts per operator trail the operator/assignment 

ratio and vacations by about two weeks. 

Sick days off show a gradual decUne over the period from 0.50 to 
0.46. However, this includes as many increases week-to-week as 

decreases, indicating a degree of instability in this measure. 

Furthermore, the decline in sick days, lagged by two weeks, Is 

contrary to the expected effect of an Increase with decreasing 

operator/assignment ratio. 

Other positions per operator rise through almost the entire seven 

weeks, with a sharper rise between weeks five and six, and a 

srnll decline to week seven. Overall, this rise correlates 

negatively with the Operator/A.s1gnment Ratio, which falls 

throughout the period: and the other positions rise with the 

general upward trend in Vacation Days Off. These are the 

expected relationships. The sharp peak in other positions In 

week six (lagged) coincides with a drop in vacation days off, a 

slight rise in the Operator/Assignment Ratio, a slight drop in 

the missouts, a drop in requests off, and a rise In sick days 

off. There is no other time in this period when each of these 

variables move in the same directions as in week six. This 

appears to be an Idiosyncratic change of little consequence. 

Overall, this period shows the expected effects for rnlssouts and 

other positions, but shows the opposite effect to that expected 

for sick days off. Given that the Ope:ator/Assignment Ratio an 

Vacation Days Off are moving In opposite directions in this 

period, the period should exhibit a steady tightening of manpower 

and resulting increases in all categories of unscheduled 
absences, except request off. However, only two of the 

categories move in the expected direction. 

b. Weeks 8 through 14 (endIng 5/18 through 6/29): 

The operator/assignment ratio is essentially constant through 

this period at a value of 1.24, although a slight increase to 

1.25 occurs in the week ending June 1 (the tenth week), but drops 

back to 1.24 In the following week.. Vacation days off fall 

initially from the high of 0.255 at the end of the previous 

period, reaching a low of 0.210 in the tenth week. From this 

point on, through the remainder of the period, vacation days off 

rise steadily to 0.260 by week fourteen. This same pattern Is 

evident in total absences per operator, which fall from the 

eighth week to the tenth week, and then rise through the 

remainoer of the period. 
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tllssouts vary significantly over this period (Figure 2-5), rIsing 

initially from 0.058 In week seven to 0.064 in week nine, then 

falling sharply to 0.049 in week ten, rising over the next three 

weeks to 0.068 In week thirteen, and finally dropping to 0.052 In 

the fourteenth week. With the exception of the final week, the 

rnissouts parallel the vacation days off, while seeming largely 

unrelated to the operator/assignment ratio. This pattern is as 

expected for a constant Operator/Assignment Ratio and varying 

Vacation Days Of f. Lagged changes in missouts should correlate 

with changes in Vacation Days Of f when the Operator/Assignment 

Ratio Is constant and Vacation Days Of f are changing 

significantly. 

Sick days off per operator generally decline through the period, 

from a high of 0.46 In the seventh week to a low of 0.106 in the 

fourteenth week. In the first four weeks of the period, sick 

days off parallel the changes in vacation days off and missouts, 

while reversing to an exact opposite set of changes in the last 

three weeks of the period. Again, there Is no apparent 

relationship to the Operator/Assignment Ratio. The parallel 

changes between 'agged 'ck days off and VacatIon Days Off during 

the first four weeks are as expected. However, tie contrary 

relationship in the latter three weeks is not expected. 

Other positions per operator drop from week seven to week eight 

from 0.105 to 0.088, but then show an upward trend to 0.092 in 

the fourteenth week. Again, this absence variable parallels the 

changes in vacatIon days off, missouts, and sick days off for the 

first four weeks of the period. In week twelve, other positions 

per operator rise sharply, while vacation days off increase 

slightly, missouts are unchanged, and sick days off decline 

slightly. For the last two weeks of the period, other positions 

return to paralleling sick days off, but not Vacation Days Off. 

It is expected that other positions should parallel changes in 

the Vacation Ddys Off. For the first five weeks, this Is 

reasonably the case, but Is not so in the last two weeks. 

Overall, this period shows the expected relationship between 

Vacation Days Off and missouts, and partially shows the expected 

relationship between Vacation Days Off and each of sick days and 

other positions, under circumstances of a reasonably constant 

Operator/Assignment Ratio. However, there are exceptions to the 

expected relationships, particularly in the last two to three 

weeks of the period, just preceding the June shake-up. 

c. Weeks 15 through 17 (ending 7/6 through 7/20): 

Over this period, which includes the effects of the June shake- 

up, the operator/assignment ratio climbs from its steady state 
at 

1.24 in the previous period, to 1.32 In week sixteen, and then 

declines slightly to 1.29 the following week. The rise is almost 

certainly a result of the service cuts instituted at the end of 

June, without any significant lay-offs of drivers. Although 

vacations are arranged wel I in advance, without prior knowledge 
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of the consequences of a shake-up, it Is noticeable that 

S vacations drop sharply In week fifteen (the week of the shake-up) 

ana then return to a level close to that prior to the shake-up. 

Figure 2-5 shows that missouts per operator decline in the first 

two weeks of this period as the Operator/Assignment Ratio rises, 

and then jump sharply In week seventeen as the 

Operator/Assignment Ratio drops back to 1.29 from Its high of 

1.32 in the previous week. The changes in mIssouts per operator 

are precisely as postulated, changing in the reverse direction to 

the Operator/Assignment Ratio. 

Sick days of f per operator trend upwards during this period of 

three weeks, from 0.3? in week fifteen to 0.39 in week seventeen. 

From week fifteen to week sixteen, while the Operator/Assignment 

Ratio is rising sharply, there is a slight drop In sIck days off, 

but so small as to be of little consequence. Between week 

sixteen and week seventeen, the Operator/Assignment Ratio drops 

and sick days off rise. As for missouts, it appears as though 

lagged sick days off change in the Opposite direction to the 

Operator/Assignment Patio, as hypothesized. 

Other positions per operator parallel exactly the changes In 

inissouts, declining In weeks fifteen and sixteen and rising In 

week seventeen. In this period, the changes in other positions 

(lagged by two weeks) shows an inverse correlation with the 

S Operator/Assignment Ratio, but does not follow the pattern of 

Vacation Days Off, as would have been expected. It could be 

speculated, however, that the relationship to Operator/Assignment 

Ratio Is more plausible around a shake-up than would be a 

relationship to Vacation Days Off. In this'case, In the two 

weeks following the shake-up, which created a surplus of 

operators, the number of other positions per operator declines, 

rlsinq again as the system begins to settle back Into a more 

stable manpower condition. 

Overall, this short period around the June shake-up shows the 

expected relationships between Operator/Assignment Ratio and each 

of lagged missouts and lagged sick days of f, but does not support 

the expected changes in other positions related to vacations. 

d. Weeks 18 through 24 (ending 7/27 through 9/?): 

During this period, the operator/assignment ratio Is steady at 

1.29 for the eighteenth through twenty-first weeks, then 

decreases to 1.28 for the next two weeks, and returns to about 

1.29 for the last week of the period. Vacation days off rise 

rapidly at the beginning of this period and remain high through 

all of August and the first week of September. This would be 

expected as operators attempt to take vacation during summer 

school vacations. Vacation days off per operator are at a low of 

0.25 in week eighteen, but jump to 0.30 In the following week, 

and continue to climb to a peak of 0.32? in week twenty-one. A 

second, higher peak is reached in the last week of the period, in 
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conjunction with the Labor Day weekend, with vacation days off 

reaching 0.334 in that week. 

As shown In Figure 2-5, missouts per operator decline in the 

first two weeks of this period, accompanying a small decline in 

the Operator/Assignment Ratio and a maJor surge in Vacation Days 

Off. In the next two weeks, Vacation Days Off rises while the 

Operator/Assignment Ratio moves up and then back down to the same 

level as week nineteen. In these two weeks, the missouts per 

operator increase sharply from 0.047 to 0.068. From week twenty 

to week twenty-four, the rnlssouts per operator fall steadily back 

to 0.052, while the Operator/Assignment Ratio remains stable 

around 1.28, and the Vacation Days Of f remains high but declines 

from a peak in week twenty-one, returning to a second, higher 

peak in week twenty-four. Overall, given the increases In 

Vacation Days Of f and the maintenance of a high level of Vacation 

Days Of f, it would be expected that missouts per operator would 

trend upwards, particularly because there is little significant 

change in the Operator/Assignment Ratio in this period (beginning 

and ending at 1.29, and with no more than a 0.012 dIfference 

b'tween hiqhest and lowest values). 

Sick days off per operator decline over the first three weeks, 

then rise for' two weeks. In the last two weeks of the period, 

sIck days off drop sharply and then rise again. Against the 

Operator/Assignment Ratio alone, one would have expected sick 

days off per operator (lagged) to remain fairly static In the 

. first four weeks, rise in the next two weeks and dec]ine in the 

last week. With the added effect of the increase in Vacation 

Days Off during the first part of this period, there Is more 

reason to expect an increase in sick days off than the decrease 

actually observed. Overall, sick days off in this period do not 

exhibit the dependencies expected with either Operator/Assignment 

Ratio or Vacation Days Off. 

Other positions decline quite sharply In the first three weeks, 

as Vacation Days Off rise. An sharp increase in other positions 

occurs in week twenty-one, while Vacation Days Off are still 

rising, and coincident with the sharp peak in missouts. Although 

there are minor contrary movements, the overall trend in the last 

three weeks of the period Is for a decline In the other positions 

from 0.100 In week twenty-one to 0.079 in the twenty-fourth week. 

This decline follows a decline In Vacation Days Off, except for 

the last week of the period. In the first three weeks of the 

period, other poltions vary inversely with Vacation Days Off, 

which is not the expected pattern, and does not seem to be a 

function of changes in the Operator/Assignment Ratio, which Is 

reasonably static. In the remainder of the period, the expected 

relationship between other positions and Vacation Days Off 

appears, although the magnitude of week-to-week changes show 

little relationship between the two variables. 

Overall, this period shows significant departures from the 

expected relationships, with none of the unscheduled absence 
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measures showing an expected directional change for more than 

half the weeks in the period. 

The original hypotheses have all referenced VCBs/OCBs as being the 

intermediary variable between Operator/Assignment Ratio and the variations 

In the unscheduled absence categories. It seems useful, therefore, to 

examine the variations in unscheduled absences in relation to changes in 

VCBs/OCBs. Generally, increases in VCBs/OCs should cause Increases in 

sIck days of f and missouts. Furthermore, increases in Vacation Days Of f 

should cause increases in the VCBs/OCBs. Conversely, decreases In 

VCBs/OCBs should produce decreases in missouts and sick days of f, and 

decreases in Vacation Days Of f should cause decreases In VCBs/OCBs. 

Requests of f per operator should decline as VCBs/OCBs rise, because of the 

shortage of manpower that increases in VCBs/OCBs indicate. Likewise, 

requests off should Increase when VCBs/OCBs decrease. As before, the only 

postulated relationship. for other positions should be with Vacation Days 

Off, and shoulÔ be in the same direction as changes in the Vacation Days 

Of f. 

a. Weeks I through 6 (ending 3/30 through 5/4): 

From Figure 2-6, it can be seen that the VCBs/OCBs Increase 

throughout this period from a low of 0.114 per assignment in the 

first week to 0.230 in the sixth week. Vacation Days Off start 

at a low value of 0.183, clImb to the second week, then fall for 

the next two weeks to 0.185, climb to 0.236 and then fall 

slightly to 0.224. Increases in the VCBs/OCBs is caused In this 

period primarily by decreases in the Operator/Assignment Patio, 

and not by changes in the Vacation Days Off. 

. 

Missouts per operator Increase over the period from an initial 

value of 0.05 to a high of 0.8 In the sixth week. There are 

minor drops in value in the second and fourth weeks, but the 

overall trend Is upwards. This conforms with the expected 

direction of change that should coincide with the change In 

VCBs/OCBs. Significant increases in the number of Vacation Days 

Off from week one to week two and from week four to week five do 

not show any significant effect on the missouts. 
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Sick days off per operator rise from the first to the second 

. week, from 0.447 to 0.507, and then remain fairly stable through 

the sixth week at around 0.5. Apart from the initial rise, the 

sick days off do not Increase with the Increasing VCBs/OCBs in 

this period. There Is also no apparent correlation of this 

measure with the Vacation Days Of f. 

Figure 2-6 shows that the requests of f per operator decline 

during the first two weeks from 0.098 to 0.078. This change is 

as expected, responding to the increase in VCBs/OCBs over the 

same period. However, while It would be expected that requests 

of f would continue to decline, from the third week through the 

fifth week, they rise to 0.098 and decline only a little in the 

sixth week to 0.090. The three weeks of increasing requests off 

follow by a week a decline In the number of Vacation Days Off. 

Possibly, in this period, the declining Vacation Days Of f have 

more effect on the requests of f than the rise in VCBs/OCBs. 

Other positions decline In the first two weeks from 0.091 to 

0.076, then rise slowly through the remaining four weeks to 

Lt)85. This rtern i not at all consistent with the Vacation 

Days Off, with which this absence category is hypothesized to be 

related, nor does it follow changes in the VCBs/OCBs in any 

regular fashion. 

Overall, only missouts per operator exhibit consistently the 

expected relationship to VCBs/OCBs or Vacation Days Of ±. Each of 

the other variables exhibits the changes expected for half or 

less of this six-week period. 

b. Weeks 7 through 14 (weeks ending 5/11 through 6/29): 

Week 10 Includes the Memorial Day Holiday and there Is an 

expected slgnifcant drop in the VCBs./OCBs oer assignment for 

that week, as shown in Figure 2-6. Apart from tat, the 

VCBs/OCBs fluctuate between about 0.219 and 0.244, but are 

generally around 0.22 through much of the period. For the first 

four weeks, Vacation Days Off fall from 0.255 to 0.210. From 

week ten, there is a steady climb back up to a value of 0.260. 

Missouts per operator start and end the period at about the same 

level. between the seventh and fourteenth weeks, however, the 

number of missouts per operator fluctuate from a low of 0.050 to 

a high of 0.064. Except for week ten to week eleven, each week's 

change in missouts runs in exactly the opposite direction to the 

change in VCBs/OCBs. For example, from week seven to week eight, 

VCBs/OCBs rise and rnissouts fall; from week eight to week nine, 

VCBs/QCBs fall and mIssouts rise; etc. Therefore, the changes In 

rnissouts all run precisely counter to what would be expected in 

this period. Only from week ten (with the Memorial Day weekend) 

to week 11 does rnissouts change In the same direction as 

VCBs/OCBs. 

SIck Days Off per operator decline throughout this period from a 
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high of 0.46 In the weeks seven and eight to 0.40 In the 

fourteenth week. During this period, there Is a nall Increase 

from week seven to week eight, from week ten to week eleven, and 
another from week twelve to week thirteen. All other week-to- 
week changes are downwards. While much less marked, the changes 
are in the same direction as VCBs/OCBs except from week eleven to 

week twelve and week twelve to week thirteen. With the exception 

of these two consecutive weeks, the changes are as hypothesized. 

As shown in Figure 2-6, requests of f per operator decline 

slightly over the first four weeks of the period, from 0.096 to 

0.090, then rise over the next two weeks to 0.106, and decline 

for the last three weeks to 0.103. It is hypothesized that 

requests off per operator should change In the opposite direction 

to VCBs/OCBs. However, throughout this period the changes in 

requests off are in the same direction as changes In VCBs/OCBs, 

except from week seven to week eight. The changes also parallel 

those In VacatIon Days Off, except In the last two weeks of the 

period. Unexpectedly, it appears as though fewer requests off 

are being granted (and possibly fewer are being requested) as 

VC?JS/OCF and Vacation t1ys Off both dec'I1n, nd more are being 

granted when VCBs/0ôs and Vacation Days Off rise. These are 

counterintultive results. 

Other positions per operator rise from 0.087 In week seven to 

0.107 In week eight, then fall for the next three weeks, 

including a sharp drop to week ten, similar to that shown for 

VCBs/OCBs and Vacation Days Of f. Other positions rise again to 

week eleven to 0.100 after a low In week ten of 0.089, then fall 

to 0.090 in week twelve, and rise over the last three weeks of 

the period to 0.109. Changes in the same dIrection as Vacation 

Days Of f are evident in weeks nine through eleven, and weeks 

twelve through fourteen. For weeks seven through nine, and 

eleven to twelve, changes run counter to those in Vacation Days 

Of f. 

Overall, sick days off and other positions exhibit changes that 

are generally as hypothesized. Missouts and requests off 

generally show changes that run counter to those expected against 

both VCBs/OCBs and Vacation Days Of f. 

c. Weeks 15 through 17 (weeks ending 7/6 through 7/20): 

This period includes the June shake-up which is evident from the 

sharp drop in VCBs/OCBs from week fourteen to week fifteen, 

followed by a rise over the remaining two weeks. The initial 

drop is precipitate from 0.213 to 0.098, (the minimum value shown 

b VCBs/OCBs throughout the twenty-six week study period), 

following which the VCBs/OCBs climbs back to 0.177. VacatIon 

Days Off also drop from week fourteen to week fifteen, rise again 

to week sixteen and decline slightly to week seventeen. 

. From Figure 2-6, missouts per operator run in exactly the 

opposite direction to VCBs/OCBs throughout this period, with a 
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sharp rise from week fourteen to week fifteen, from 0.059 to 

0.068, then fall back to 0.052 and drop slightly In the 

seventeenth week. Again, these changes in rnissouts per operator 

run exactly counter to what would be hypothesized with respect to 
both VCBs/OCBs and Vacation Days Off. 

Sick Days Off per operator fall from week fourteen to week 

fifteen, and then rise from week fifteen through week seventeen. 

While the changes are not as sharp as for VCBs/OCBs, the changes 

are all in the expected direction. 

eguests Off per operator fal I from week fourteen to week 

fifteen, from 0.103 to 0.067. From week fifteen to week sixteen, 

they rise to 0.092 and then fall the following week to 0.083. It 

is postulated that requests off should generally run counter to 

VCBs/OCBs and also to Vacation Days Off. Fiowever, in this 

period, they run in the same direction, except from weeks sixteen 

to seventeen, when requests off decline while VCBs/OCBs rise. 

Other positions per operator follow exactly the change pattern In 

Vacation Days Off, as hypothesized, declining from week fourteen 

to week tifteen (O.103 to 0.087), rising to week sixteen (0.0S2) 

and falling again to week seventeen (0.083). 

Overall, this period shows the expected changes for sick days off 

and other positions, but show counterintultive changes In 

requests off and missouts per operator. Because of the 

instability caused by the shake-up, in two 

variables may not be significant. 

a. Weeks 18 through 23 (weeks ending 7/27 through 8/31): 

Figure 2-6 shows that VCBs/OCBs decline in this period from 0.177 

in week seventeen to 0.120 in week nineteen, then rise slowly for 

tne next three we5k and sharply foni week twenty-one to week 

twenty-two (0.215) before dropping back to 0.157 in the twenty- 

third week. Vacation Days Off are high throughout the period, 

climbing from 0.25 in weeks seventeen and eighteen to 0.30 in 

week nineteen anb to 0.33 In week twenty-one. There Is then a 

slight decline in the last two weeks of the period, with Vacation 

Days Off ending at 0.30 in week twenty-three. 

Missouts per operator fall Initially from 0.052 in week seventeen 

to 0.047 in week eighteen, then rise to 0.054 In week nineteen. 

Missouts decline for the next three weeks to 0.047 in week 

twenty-one, then rise sharply to 0.068 in week twenty-three. 

Except for week seventeen to week eighteen and week twenty-one tc 

week twenty-two, the changes are in the opposite direction to 

changes in VCBs/OCBs. This is not the expected pattern. Because 

changes in Vacation Days Off parallel changes in VCBs/OCBs 

through most of the period, It would be expected that the 

hypothesized relationship of changes in the same direction as 

VCBs/OCBs would be more strongly exhibited, contrary to what 

actually happens. 
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Sick Days Off per operator decline slightly from week seventeen 

to week eighteen, then rise to week nineteen. Over the next four 

weeks, sick days off decline gradually from the high of 0.386 to 

0.349 In week twenty-two, before rising In the twenty-third week 

to 0.392. Except for week seventeen to week eighteen, the 

changes in sick days off are opposite to those of VCBs/OCBs and 

Vacation Days Off, contrary to expectation. 

As shown in Figure 2-6, requests off per operator rise for all 

but the last week of the period, starting at 0.083 In week 

seventeen and rising to 0.145 in week twenty-two. In the last 

week, requests off per operator drop to 0.113. Except for weeks 

eighteen to nineteen, Increases and decreases in requests of f 

parallel those for VCBs/OCBs, contrary to what would be expected. 

Other positions per operator decline through most of the period 

from 0.105 in week seventeen to 0.082 in week twenty-two. There 

is a sharp rise in week twenty-three to 0.100. There is also a 

small increase in other positions per operator from week eighteen 

to week nineteen. The parallel of changes In this variable with 

Varation Pays Off Is 'iot ?.pp?rent excep' in the small Increase 

from week eighteen to week nineteen, anJ in the drop from week 

twenty-one to week twenty-two. 

Overall, none of the measures of unscheduled absence change In 

the expected direction during this period, but all change counter 

to the expected direction, in relation both to VCBs/OCBs and 

Vacation Of on of 

of interrelationships could be held substantiated. 

e. Weeks 24 through 26 (weeks ending 9/7 through 9/21): 

From Figure 2-6, VCBs/OCBs decline in the first week of the 

period from 0.157 in week twenty-three to 0.133 In week twenty- 

four, then rise to 0.169 in week twenty-five and decline to 0.156 

in week twenty-six. Vacation Days Off climb to a peak in week 

twenty-four (0.344 -- Labor Day weekend) and then decline 
to 

0.272 for the last two weeks. A mini-shake-up in this period can 

be expected to cause some instability in the figures. 

Missouts per operator decline throughout the period from 
0.068 in 

week twenty-three to 0.052 in week twenty-six. For weeks twenty- 

three to twenty-four and twenty-five to twenty-six, the changes 

in rnlssouts per operator are in the same direction as those in 

VCBs/OCBs, as expected. The sudden drop in Vacation Days Of f 

from week twenty-four to week twenty-five may account for the 

drop in missouts, even though VCBs/OCBs rise slightly between 

these two weeks. 

Sick Days Off per operator rise initially from 
0.392 to 0.403, 

then drop to 0.367, then rise again to 0.395, exactly opposite to 

changes in VCBs/OCBs, and contrary to expectation. llowever. the 

pattern does parallel changes in Vacation Days Off. 
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Requests Off per operator drop from 0.113 In week twenty-three to 

0.060 in week twenty-five, and then rise to 0.079 in the last 

week. For weeks twenty-four through twenty-six, requests off run 

opposite in change to VCBs/OCBs, as hypothesized. The sharp drop 

from week twenty-three to week twenty-four is almost certainly a 

result of the sharp rise in Vacation Days Off. 

Other positions per operator drop between weeks twenty-four and 

twenty-five from 0.100 to 0.077. Elsewhere in the period, there 

are small rises from one week to the next. Apart from the small 

size of the increase from week twenty-three to week twenty-four, 

the changes paral Id Vacation Days Of f, as expected. 

Overall, missouts, requests of f, and other positions exhibit the 

expected relationships, while sick days off run counter to 

expectation in this period. 

II4.iT1Ih-- -.iiSJii 
Based on the earlier results for the Operator/Assignment Ratio, where 

hr'e r,f the unscheduled absence variables showed stronger relationshins 

when lagged, the following analysis examines the lag effects against 

VCBs/OCBs. Given that most of the periods examined in the earlier 

analysis with VCBs/OCBs showed result5 that were not as hypothesized, It 

might be anticipated that better correlation may be found with the lagging 

of sick days off and missouts per operator, in particular. As before, for 

unlagged data, it is expected that missouts and sick days off will change 

in the same direction as VCBs/OCBs, and that other positions will change 

in the same direction as Vacation Days Off. 

. 

a. Weeks 1 through 6 (ending 3/30 through 5/4): 

Figure 2-7 shows that the VCBs/OCBs increase throughout this 

period from a low of 0.114 per assignment in the first week to 

0.230 in the sixth ?eek. Vacation Days Off start at a low ',aiue 

of 0.183, climb to the second week, then fall for the next two 

weeks to 0.185, climb to 0.236 and then fall slightly to 0.224. 

Increases in the VCBs/OCBs is caused in this period primarily by 

decreases in the Operator/Assignment Ratio, and not b changes in 

the Vacation Days Off. 

Lagged missouts per operator decline slightly from week one to 

week two (0.055 to 0.054) and then rise to 0.068 in week four. 

tlissouts then decline for the last two weeks of the period, 

ending at 0.057. Thus, for approximately half of this period, 

the changes in missouts parallel those for VCBs/OCBs, while 

running counter to them for the balance of the period. 
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Lagged sick days off per operator rise from week one to week two, 

then drop to week three, rise to week four, drop to week five, 

and rise slightly to week six. The total change over the period 
is relatively small, from 0.201 In week one to 0.237 in week six. 

Over this period, prior hypotheses would suggest that sick days 

off per operator should rise, and there Is an overall increase, 

but this Is not sustained on a week-by-week basis. 

Other positions per operator, lagged by the same two weeks, show 

an increase over the period from 0.076 to 0.107, paralleling the 

changes In VCBs/OCBs rather than the changes in Vacation Days 

Off. 

Overall, the trend In sIck days off is as expected, although 

week-to-week changes run counter to the expected direction at 

times. Missouts per operator and other positions generally do 

not change as expected for much of the period. Unlagged (see 

2.2.4 above), rnissouts changed as expected, and lagging has not 

improved the correlation for the other two variables in this 

period. 

b. Weeks 7 through 14 (weeks ending 5/11 through b/29): 

Week 10 includes the Memorial Day Holiday and there is an 

expected significant drop In the VCBs/OCBs per assignment for 

that week. Apart from that, the VCBs/OCBs fluctuates between 

about 0.219 and 0.244, but Is generally around 0.22 through much 

of the period. For the first four weeks, Vacation Days Off fall 

from 0.255 to 0.210. From week ten, there is a steady climb back 

up to a value of 0.260. 

As shown in FIgure 2-7, lagged missouts per operator parallel 

changes in VCBs/OCBs from weeks nine through twelve, and change 

in the same direction from week seven to week eight and from week 

thir.een to week fourteen. Thus, for most o the period, lagged 

missouts correlate fairly well with VCBs/OCBs, as hypothesized. 

Given that the unlagged variable changed contrary to hypothesis 

through this period, lagging has clearly improved the association 

between these measures. 

Lagged sick days off per operator decline from 0.469 in week six 

to 0.357 In week fourteen. As for the previous period, there are 

a number of variations in the direction of change of this 

measure, with changes paralleling those in VCBs/OCBs for half the 

week-to-week periods and running counter in the other half. 

iinlagged sick days off showed a higher correlation in this 

period. 

Lagged other positions per operator are expected to match changes 

in Vacation Days Off, which they co from week seven through week 

twelve, while running counter to Vacation Days Off from week six 

to week seven, and week twelve to week thirteen. Overall, 

Vacation Days Off begin and end the period at about the same 

level (0.255 and 0.260) and other positions do the same (0.107 
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. and 0.106). By a small margin, changes are more consistent with 

VacatIon Days Off when other positions are lagged In this period 

than unlagged. 

Overall, lagged missouts and other positions show a higher 

correlation with changes in VCBs/OCBs and Vacation Days Off than 

unlagged, while the reverse is true for sick days of f. 

c. Weeks 15 through 17 (weeks ending 7/6 through 7/20): 

This period includes the June shake-up which is evident from the 

sharp drop In VCBs/OCBs from week fourteen to week fifteen, 

followed by a rise over the remaining two weeks. The Initial 

drop is precipitate from 0.213 to 0.098, (the minimum value shown 

by VCBs/OCBs throughout the 26-week study period), following 

which the VCBs/OCBs climbs back to 0.177. Vacation Days Of f also 

drop from week fourteen to week fifteen1 rise again to week 

sixteen and decline slightly to week seventeen. 

Lagged missouts per operator decline slightly from week fourteen 

t( weck 'feei Figrr 2-7), ',hile VCBs/OCBs drop d'jnatically: 

then lagged missouts continue to decline while VCs/OCBs rises. 

In the remaining week, lagged missouts again change In the same 

direction as VCBs/OCBs. This correlation is significantly higher 

than for urilagged missouts. 

Lagged sick days of f per operator trend upwards from 0.357 in 

week fourteen to 0.386 in week seventeen through this period. 

There is a slight drop from week fifteen to week sixteen, but 

changes in lagged sick days move In the same direction as 

VCBs/OCBs in the other two week-to-week periods. Correlation is 

not as good for the lagged variable as unlagged. 

ggtd ,ther 'ositions per o'eretor follow the patte'n of legged 

sick days off, but do not correlate well with Vacation Days Off. 

The unlagged variable correlated well with Vacation Days Off, 

however. 

Overall, lagged rnissouts correlate better than unlagged, while 

sick days off and other positions show better correlations in 

this period when not lagged. 

d. Weeks 18 through 23 (weeks ending 7/27 through 8/31): 

FIgure 2-7 shows that VCBs/OCBs decline in this period from 0.177 

in week seventeen to 0.120 In week nineteen, then rise slowly for 

the next three weeks and sharply from week twenty-one to week 

twenty-two (0.215) before dropping back to 0.157 in the twenty- 

third week. Vacation Days Off are high throughout the period, 

climbing from 0.25 in weeks seventeen and eighteen to 0.30 
in 

week nineteen and to 0.33 In week twenty-one. There is then a 

slight decline in the last two weeks of the period, with Vacation 

Days Off ending at 0.30 in week twenty-three. 



Lagged missouts per operator decline over the first two weeks, 

from 0.048 to 0.047, paralleling VCBs/OCBs, then rise for the 

next three weeks to 0.068, peaking one week before the peak in 

VCBs/OCBs. For the remainder of the period, lagged missouts 

decline to 0.057, followIng the pattern of VCSs/OCBs for all but 

one week, This is a much higher correlation than for the 

unlagged measure. 

Lagged sIck days off per operator decline for the first three 

weeks, then increase for the next two, and decline to the last 

week of the period. Four of the five week-to-week changes are In 

the same direction as the changes in VCBs/OCBs, which is a much 

closer correlation than for the unlagged measure. Furthermore. 

VCBs/OCBs shows little total change from the beginning to the end 

of the period, from 0.153 to 0.157, and lagged sick days off also 

show little change, beginning and ending at 0.367. 

Other positions per operator decline for the first three weeks, 

then increase for the next three weeks, and decline significantly 

in the last week. Overall there is a downward trend from 0.099 

to 0.077, wh4le \'i:atton t'ay Of show n upcird trend fro'n 0.25 

to 0.30. In only two weeks are the changes In Vacation Days Of f 

and other positions in the same direction. However, the measure 

performed no better unlagged for this period. 

Overall, lagged missouts and sick days performed better in this . period than the unlagged measures, while other positions showed 

little correlation either lagged or urilagged. 

2.3 CONCLUSIONS ON SYSTEMWIDE DATA 

The rieasures rf urschedul?d overtime ar VCBs/OCBs, late and missed 

pullouts, and shineouts or report hours, each per assignment to remove tte 

extraneous effects of variations in numbers of assignments from week th 

week. Overall, VCBs/OCBs show evidence of the expected relationship 
to 

Operator/Assignment Patio, increasing as Operator/Assignment Ratio 

decreases and decreasing when Operator/Assignment Ratio increases. 

However, there is considerably more variation apparent In VCBs/OCBs than 

in Operator/Assignment Ratio over the twenty-six week period studied, 
and 

considerable variations in VCBs/OCBs occur when Operator/Assignment Ratio 

is predominantly static. Missed and late pullouts also show evidence of 

the expected changes in relation to Operator/Assignment Ratio, decreasing 

as Operator/Assignment Ratio increases and increasing as 

Operator/Assignment Ratio decreases. When Operator/Assignment Ratio is 

static and VCBs/OCBs are varying, it appearsthat the VCBs/OCBs dictate 

the direction of change in missed and late pullouts, with increases 

occurring when VCBs/OCBs decrease and Operator/Assignment Ratio is static, 

and vice versa. 

Shineouts appear to be a somewhat less reliable measure and do not 

necessarily correlate well with report hours per assignment, as 
they 

should. This indicates that, on a systemwlde basis, there are differences 
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from week to week in the proportion of report operators that work some 

amount of time, compared to those that shine out. In the case of either 

shineouts or report hours per assignment, the relationship to 

Operator/Assignment Ratio or VCBs/OCBs Is significantly weaker than the 

relationships discussed in the preceding paragraph. Nevertheless, it 

would appear that report hours per assignment may be predictable to a 

reasonaole extent from Operator/Assignment Ratio and VCBs/OCBs together. 

Unscheduled absence appears to be a more complex characteristic to predict 

for the systemwide data. Missouts show a reasonable correlation with each 

of the Operator/Assignment Ratio and the VCBs/OCBs, when lagged by two 

weeks, indicating that two weeks following a change in either the 

Operator/Assignment Ratio or the VCBs/OCBs, missouts will tend to change 

in the opposite direction to Operator/Assignment Ratio and the same 

direction as VCBs/OCBs. When unlagged, the correlation is significantly 

weaker. Sick days off do not correlate well with Operator/Assignment 

Patio, even when lagged by two weeks. The strongest relationship found 

for sick days off appears to be for the VCBs/OCBs, without sick days off 

ber laed. Agairt 'he Opertor/Assinment Patio, kck days of f show a 

stronger relationship when lagged than unlagged, but the extent of the 

relationship does not suggest that this variable will be predicted at all 

easily. In addition, there appears to be some evidence of an inverse 

relationship to Vacation Days Off, although this appears only when the 

Operator/Assignment Patio Is largely static. 

Requests off show little relationship to either VCBs/OCBs or 

Dperator/Assignment Ratio, and there is no evidence to support the idea 

that a stronger relationship would result if the variable was lagged by 

one or more weeks. It seems likely that operators are more likely to 

request days off following decreases In the Operator/Assignment Ratio, or 

increases in the VCBe/OCBs, but that the number of requests that are 

rrrrn'ttd w11 decrease with decreasing Operator/Assignment Ratio and 
increasing VCBs/OCBs. In a statistical analysis, it may be worthwhile to 

investigate the effects of Operator/Assignment Patio and VCBs/OCBs on the 

sum of missouts, sick days, and requests off. Other positions should 

correlate most highly with vacation days off, from among the variables 

examined in this study. Such a relationship seems to hold fairly well, 

without lagging. A strong relationship to Operator/Assignment Ratio or 

VCBs/OCBs is not apparent In any of the data studied. 

2.4 STATISTICAL TESTS OF RELATIONSHIP ON SYSTEMWIDE DATA 

Based on the findings reported in section 2.3 of this report, a series of 

relationships were hypothesized. These relationships center on attempting 

to estimate the various measures of unscheduled overtime and unscheduled 

absence from the inaependent variables of the operator/assignment ratio 

and vacation days off. These two variables can be considered to be 

inoependent in the sense that they are under the District's control and 

can be set by policy. Other variables, such as the number of VCBs/OCBs 

are a response on a day-by-day basis to the actual manpower position that 
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Is anticipated for the following day. Such variables are, therefore, 

dependent variables. 

The analyses reported this far in the chapter have sought to Identify the 

extent to which a relationship might exist between the two independent 

variables and the various measures of unscheduled overtime and unscheduled 

absence. The analyses have also been aimed at determining whether there 

is a lag of time between changes In a policy variable and changes in 

unscheduled absence or overtime, and at identifying If there Is strong 

evidence of a particular form of relationship. 

The analyses have established that there is evidence of relationships of 

various strengths between the Independent variables of operator/assignment 

ratio and vacation days off, and the dependent variables of VCBs/OCBs, 

Late and Missed Pul louts, Report Hours or Shineouts, l'llssouts, Sick Days 

Of f, Request Of f, and Other Positions. These relationships vary from 

strong to weak, and there is evidence that some of the relationships may 

be stronger if the data are lagged by two weeks than related week-by-week. 

No evidence was uncovered that would indicate specifically that a 

relationship exists in a particular functional form. As a result, initial 

sttistica hyptheres nrc' baeC rn the imp)et form of relt1onship, 

i.e. a linear (straight-ilne) relationship. 

In addition, after establishing which relationships are potentially 

useful, scatter plots were made of the data f or each pair of dependent and 

independent variables, to determine if evidence supported a linear or 

nonlinear relationship, Based on the scatter plots, some nonlinear 

relationships were postulated and tested. Table 2-i shows the various 

hypotheses that have been tested. 

Table 2-2 summarizes by model number the results of the regression 

arilyse that are shown kn Table 2-1. Initially, all regressions were 

performed using the full twenty-six weeks of data. However, repeatedly, 

weeks ten, fifteen, and twenty-four showed up as outliers. These weeks 

contained Memorial Day, Independence Day, and Labor Day, respectively, and 

were therefore weeks with four weekdays, one Saturday, and two Sundays 
for 

service purposes. /s a result, all regressions were re-run to exclude 

these three weeks. 
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TABLE 2-i 

S 
TESTED HYPOTHESES FOR UNSCHEDULED OVERTIME AND ABSENCE CHARACTERISTICS 

MODEL UNSCHEDULED ABSENCE TYPE INDEPENDENT VARIABLES 

NUMBER OR OVERTIME MEASURE 

1 VCBS/OCBS per Assignment Unlagged Operator/Assignment Patio 
Vacation Days Of f per Operator 

2 Missed and Late Pullouts Unlagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Operator 

3 Missed and Late Pullouts tinlagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Operator 

VCBs/OCBs p' si'nnnt 

4 Report Hours Unlagged Shineouts per Assignment 

per Assignment 

5 Report Hours Unagged Operator/Assignment Ratio 

5 per Assignment Vacation Days Off per Operator 

6 Report Hours Unlagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Operator 
VCBs/OCBs per Assignment 

7 Shineouts Unlagged Operator/Assignment Ratio 

pr 7hsngnnrt Vacation Days Of f per Operator 

8 Shineouts Unlagged Operator/Assignment Patio 

per Assignment Vacation Days Off per Operator 

VCBs/OCBs per Assignment 

9 Missouts Lagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

10 Missouts Lagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

VCBs/OCBs per Assignment 

11 Missouts Lagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 

S 

42 



MODEL UNSCFiEDULED ABSENCE TYPE INDEPENDENT VARIABLES 

NUMBER OR OVERTIME MEASURE 

2 Missouts Lagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 
VCBs/OCBs per Assignment 

13 Missouts Lagged Log(Operator/Asslgnment Ratio) 

per Operator 

14 Sick Days Off Unlagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

15 Sick Days Off Unlagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 
VCBs/OCBs per Assignment 

.6 sick Days Cf Unggei Operor/?siigrment Rritic' 

per Assignment Vacation Days Off per Assignment 

17 Sick Days Off Unlagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 
VCBs/OCBs per Assignment 

18 Sick Days Off Lagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

19 Sick Days Off Lagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

VCBs/OCBs per Assignment 

20 Sick Days Off Lagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 

21 Sick Days Off Lagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 

VCBs/OCBs per Assignment 

22 Requests Off tinlagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

23 Requests Off tinlagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

VCBs/OCBs per Assignment 

24 Requests Off Unlagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 
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. 
MODEL UNSCHEDULED ABSENCE TYPE INDEPENDENT VARIABLES 

NUMBER OP OVERTIME MEASURE 

25 Requests Off Unlagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 

VCBs/OCBs per Assignment 

26 Requests Off Lagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

VCBs/OCBs per Assignment 

27 Requests Off Lagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 
VCBs/OCBs per Assignment 

28 Requests Off Unlagged Log(Operator/Asslgnment Ratio) 

per Cpirato: rogv.ton Days Off per 
Operator) 

29 Other Positions UnIagged Operator/Assignment Ratio 

per Operator Vacation Days Of f per Operator 

30 Other Positions Unlagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 
VCBs/OCBs per Assignment 

31 Other Positions Untagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 

32 ether Pos1tio'ts Unaggrd Oprator/As.gnment Rat.1c 

per Assignment Vacation Days Off per Assignment 
VCBs/OCBs per Assignment 

33 (Missouts + Sick + tJnlagged Operator/Assignment Ratio 

Request) per Operator Vacation Days Off per Operator 

34 (Missouts + Sick + Unlagged Operator/Assignment Ratio 

Request) per Operator VacatIon Days Off per Operator 
VCBs/OCBs per Assignment 

35 (Missouts + Sick + Unlagged Operator/Assignment Ratio 

Request) per Assignment Vacation Days Of f per Assignment 

36 (Missouts + Sick + Un]agged Operator/Assignment Ratio 

Request) per Assignment Vacation Days Off per Assignment 

VCBs/OCBs per Assignment 

. 37 (Missouts + Sick + Lagged Operator/Assignment Ratio 

Request) per Operator Vacation Days Off per Operator 
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MODEL UNSCHEDULED ABSENCE TYPE INDEPENDENT VARIABLES 

NUMBER OR OVERTIME MEASURE 

38 (Mlssouts # Sick + Lagged Operator/Assignment Ratio 

Request) per Operator Vacation Days Off per Operator 
VCBs/OCBs per Assignment 

39 (Missouts + Sick + Lagged Operator/Assignment Ratio 

Request) per Assignment Vacation Days Off per Assignment 

40 (Missouts + Sick + Lagged Operator/Assignment Ratio 

Request) per Assignment Vacation Days Off per Assignment 
VCBs/OCBs per Assignment 

41 (Missouts + Request) Unagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

42 (Missouts + Request) Unagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

VCBs/OCBs per Assignment 

43 (Mlssouts + Request) Unlagged Operator/Assignment Ratio 

per Assignment VacatIon Days Off per Assignment 

44 (Missouts + Request) Unlagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 

VCBs/OCBs per Assignment 

45 (Missouts + Request) Lagged Operator/Assignment Ratio 

pr Cper.tor Vcat ton Days Of f ocr Operator 

46 (!lissouts + Request) Lagged Operator/Assignment Ratio 

per Operator Vacation Days Off per Operator 

VCBs/OCBs per Assignment 

4? (Missouts + Request) Lagged Operator/Assignment Ratio 

per Assignment Vacation Days Of f per Assignment 

48 (Missouts + Request) Lagged Operator/Assignment Ratio 

per Assignment Vacation Days Off per Assignment 

VCBs/OCBs per Assignment 

[I 
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In all cases, the relationships were either improved or remained the same. 

Therefore, Table 2-2 reports only on the relationships for the remaining 

23 weeks, with holiday weeks excluded. To interpret the results reported 

In Table 2-2, a few evaluation criteria are useful to keep in -mind. 

1. A t-score (in parentheses beneath the coefficient value) of 

less than about 1.96 indIcates an unreliable coefficient 

estimate. If the coefficient has the expected sign and 

magnitude, however, a low score is not necessarily a fatal 

f I aw. 

2. The closer the P-Square value is to 1.00, the better is the 

regression, while the closer it Is to 0.00, the worse is the 

regression. 

3. The significance of the regression (reported in the last 

column of the table) Is the probability of random occurrence 

of the F statistic computed from the regression. Generally, 

the smaller this value, the better is the regression, and a 

value greater than 0.1 indicates a very poor fit of the data 

';o the rpctd eqaior. Thus, mc.dels 4, 26, 27, 29, 30, 31, 

32, 41, 43, 44, 45, 4e;, 47, and 48 must be considered to be 

very poor, arid to provide no evidence that a linear model in 

these variables exists. 

First, It appears that the VCBs/OCBs per assignment can be predicted quite 

well from the operator/assignment ratio, as is shown by equation 1. In 

fact, this equation indicates that the rate of increase in VCBs/OCBs is 

1.45 times the rate of aecrease In operator/assignment ratio. Based on 

this model, we would expect that an operator/assignment ratio of 1.30 

would be associated, on average, with 0.137 VCBs/OCBs per assignment, 

while an operator/assignment ratio of 1.27 should be associated with 0.161 

VCBs/OCBs per assignment. All of the statistics of this regression 

inic.te t iery significnt reltionship, and an exri'nat ion of the 

residuals shows rio evidence that the relationship Is anything other than 

linear. There is also no clear evidence of a missing independent 

variable. Regressions were run that permitted vacation days off per 

operator to be considered for the regression, but this variable showed no 

relationship whatsoever with VCBs/OCBs per assignment. 

A fairly good predictive model was found for Missed and Late Pullouts per 

assignment, as shown by model 2. This model is also based on the 

operator/assignment ratio and shows that decreases In the 

operator/assignment ratio will produce Increases in the late and missed 

pullouts. Again, it can be noted that an operator/assignment ratio of 

1.30 will produce 0.015 late and missed pul louts per assignment, while an 

operator/assignment ratio of 1.27 should produce 0.020 late and missed 

pullouts per assignment. This could be restated to say that, all other 

things being equal and based on actual performance during the period for 

which data have been analyzed In this phase of the project, an 

operator/assignment ratio of 1.3 will generate about 1.5 percent missed 

and late pullouts, which should increase to 2 percent if the 

operator/assignment ratio is decreased to 1.2?. 
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TABLE 2-2 

. 
RESULTS OF THE REGRESSION ANALYSES SPECIFIED IN TABLE 2-1 

MODEL DEPENDENT COEFFICIENTS Ct-SCORE) R- SIC. 

NUMBER VARIABLE OP/AS VACATION VCBs/OCBs CONSTANT SQUARE 

DAYS 

1 VCBs/OCBs -1.45 - - 2.025 .61 .0000 

(5.72) (6.28) 

2 Missed and Late -0.174 - - 0.241 .24 .018 

Puflouts (2.56) (2.80) 

3 Missed and Late same as model 2 

Pu H outs 

4 Report Hours 70.46*Shlneouts 1.083 .06 .272 

(1.13) (3.39) 

5 Report Hours -7.689 14.080 - 7.620 .63 .0001 

(1.80) (5.79) (1.44) 

S 6 Report Hours 14.38 6.964 -3.484 .74 .0000 

(7.24) (3.71) (5.26) 

7 Shineouts - 0.031 -0.003 .29 .0084 

(2.91) (1.21) 

S}ineui no model obtind thit Is Intuit k'elv plat'slble 

9 Lagged Missouts -0.133 - - 0.226 .26 .018 

per Operator (2.58) (3.45) 

10 Lagged Missouts same as model 9 

per Operator 

11 Lagged Mlssouts -0.126 - 0.233 .17 .063 

per Assignment (1.98) (2.86) 

12 Lagged Missouts - 0.055 0.062 .12 .094 

per Assignment (1.75) (10.79) 

13 Lagged Mlssouts -0.168* - - 0.098 .26 .019 

per Operator (2.57) (6.20) 

S 
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MODEL DEPENDENT COEFFICIENTS (t-SCORE) 51G. 

NUMBER VARIABLE OP/AS VACATION VCBs/OCBs CONSTANT SQUARE 

DAYS 

14 SIck Days Off -0.519 -0.945 - 1.317 .57 .0002 

per Operator (1.38) (4.43) (2.83) 

15 SIck Days Of 1 -0.800 -0.943 -0.193 1.708 .58 .0006 

per Operator (1.34) (4.35) (0.61) (2.14) 

16 Sick Days Of I - -0.942 - 0.835 .53 .0001 

per Assignment (4.90) (13.35) 

17 Sick Days Off -0.398 -0.936 -0.255 1.364 .54 .0016 

per Assignment (0.52) (4.37) (0.64) (1.36) 

18 Lagged Sick Days 0.275 -0.966 -. 0.305 .47 .0032 

Off per Operator (0.65) (4.00) (0.58) 

19 Lagged Sick Days -0.118 -0.957 -0.267 0.851 .49 .0064 

Off per Operator (0.17) (3.91) (0.74) (0.94) 

20 Lagged Sick Days 0.932 -1.020 - -0.339 .53 .0010 

Off per Assignment (1.79) (4.54) (0.53) 

21 Lagged Sick Days - -0.993 -0.580 0.942 .57 .0005 

Off per Assignment (4.76) (2.22) (10.26) 

22 Requests Off - 0.149 - 0.057 .14 .0738 

per Operator (1.88) (2.83) 

23 Requests Of 0.197 0.161 0.201 -0.232 .26 .0957 

per Operator (0.90) (2.04) (1.75) (0.80) 

24 Requests Off - 0.152 - 0.071 .16 .0561 

per Assignment (2.02) (2.91) 

25 Requests Off 0.305 0.161 0.256 -0.366 .28 .0915 

per Assignment (1.08) (2.05) (1.74) (3.98) 

26 Lagged Requests -0.180 0.102 -0.070 0.303 .12 .5186 

Off per Operator (0.71) (1.46) (0.53) (0.91) 

27 Lagged Requests -0.204 0.118 0.127 0.864 .12 .5214 

Off per Assignment (0.62) (1.31) (0.75) (0.84) 

28 Requests Off - 0.035* - 0.143 .13 .0965 

per Operator (1.74) (5.12) 

* This variable is entered as the natural logarithm of the raw varIable 
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MODEL DEPENDENT COEFFICIENTS (t-SCORE) R- SIG. 

NUMBER VARIABLE OP/AS VACATION VCBs/OCBs CONSTANT SQUARE 

DAYS 

29 Other Positions -0.008 0.069 - 0.086 .06 .5221 

per Operator (0.08) (1.14) (0.65) 

30 Other Positions 0.007 0.069 0.011 0.065 .06 .7338 

per Operator (0.04) (1.11) (0.12) (0.28) 

31 Other Positions 0.072 0.069 - 0.005 .10 .3383 

per Assignment (0.51) (1.15) (0.03) 

32 Other Positions 0.093 0.069 0.014 -0.024 .10 .5465 

per Assignment (0.42) (1.12) (0.12) (0.08) 

33 Missout + Sick + -0.712 -0.792 - 1.673 .47 .0019 

Kec.st pr Operator 1.G7 (3.27) 

34 Missout + Sick + -0.659 -0.793 0.036 1.600 .47 .0066 

Request per Operator (0.96) (3.19) (0.10) (1.75) 

35 Missout + Sick + -0.158 -0.787 - 1.176 .40 .0065 

Request per Assignment(0.28) (3.27) (1.71) 

36 Missout + Sick + -0.106 -0.787 0.036 1.103 .40 .0201 

Request per Assignment(0.12) (3.19) (0.08) (0.94) 

37 Lagged Mlssout+Slck+ - -0.907 - 0.787 .43 .0012 

Request per Operator (3.80) (12.99) 

38 Lagged Missout+Slck+ -0.686 -0.894 -0.482 1.743 .48 .0092 

Request per Operator (0.99) (3.58) (1.31) (1.89) 

39 Lagged Missout+Sick+ - -0.781 - 0.960 .36 .0042 

Request per Assignment (3.25) (12.36) 

40 Laggea Missout+Sick+ - -0.897 -0.570 1.101 .47 .0033 

Request per Assignment (3.87) (1.96) (10.79) 

41 Missout+Request -0.193 0.152 - 0.357 .15 .2079 

per Operator (1.67) (1.20) (1.79) 

42 Missout+Request - 0.159 0.172 0.079 .26 .0509 

per Operator (1.90) (2.16) (2.81) 

S 
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MODEL DEPENDENT COEFFICIENTS (t-SCORE) R- SIC. 

NUMBER VARIABLE OP/AS VACATION VCBs/OCBs CONSTANT SQUARE 

DAYS 

43 Missout+Request -0.132 0.152 - 0.310 .12 .2717 

per Assignment (0.62) (1.67) (1.19) 

44 Mlssout+Request 0.292 0.149 0.291 -0.281 .25 .1331 

per Assignment (0.94) (1.73) (1.60) (0.68) 

45 Lagged Mlssout+ -0.207 0.113 0.385 .12 .3222 

Request per Operator (1.26) (1.21) (1.89) 

46 Lagged Mlssout+ -0.338 0.116 -0.090 0.568 .14 .4557 

Request per Operator (1.27) (1.22) (0.64) (1.60) 

47 Lagged Missout+ -0.144 0.117 - 0.337 .08 .4660 

qucst r Asigrimen (C.E6 (1.24) (1.2) 

48 Lagged Mlssout+ -0.318 0.120 -0.118 0.579 .10 .5906 

Request per Assignment (0.92) (1.25) (0.65) (1.26) 
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As reported In the earlier analysis, there Is no clear relationship 

between shineouts and report hours. Model 4, which attempted to guantIy 

a relationship, shows a very poor regression that has an R-square of 0.06 

and a significance of 0.272, which Is indicative of no significant 

relationship between the two variables. About all the attempted 

regression shows is that there is one shineout for approximately every 70 

hours of report time. However, this Is not a reliable relationship. 

Two good models are found for predicting report hours per assignment, 

while a significantly less good model is obtained for predicting shineouts 

per assignment. The only variable that shows a significant correlation 

with the shineouts per assignment is vacation days of f. This is not the 

expected relationship, and it is an Implausible one. It Indicates that 

shineouts per assignment increase as vacation days of f increase, whereas 

the inverse of this relationship would be expected, if vacation days of f 

were causal ly related. Therefore, It is concluded that no useful 

relationship can be found f or shineouts per assignment. Report hours per 

assignment shows a relationship either to vacation days of f and the 

operator/assignment ratio, or to vacation days off and VCBs/OCBs. 

Although the latter relationship is the stronger one, it Is also less 

deskrahle. because VCBs/OCBs is itself predicted from the 

operator/assignment ratio. ThereLore, model 5 is the recor.imended model 

for report hours per assignment. 

The analysis of the graphical displays showed that missouts per operator 

should be lagged by two weeks to give the strongest relationship. Using 

missouts lagged by two weeks from vacation days of f, VCBs/OCBs, and the 

operator/assignment ratio, two models were attempted using missouts per 

operator, two with missouts per assignment, and one using the logarithm of 

the operator/assignment ratio, because of the shape of the scatter plot 

and the residuals from the initial models. Despite the appearance of the 

plots, the logarithmic model performed no better than the straight linear 

mocel. Using assignments as the base, instead of operators, the model was 

statistically less reliable. The best model is one that relates the 

rnissouts to the operator/ass1gnmnt ratio, and shows that decreases in the 

operator/assignment ratio result in increases in the missouts two weeks 

later, as would be expected. At 1.30 for the operator/assignment ratio, 

there should be 0.053 missouts per operator, which should increase to 

0.057 when the operator/assignment ratio decreases to 1.27. The model 

shows a fairly flat response to changes in the operator/assignment ratio, 

with responses running at only about 10 percent of the change in the 

operator/assignment ratio. 

Sick days off were examined In several different ways, including as a 

airect variable per operator, a direct variable per assignment, and lagged 

by two weeks both by operator and by assignment. In some models, 

VCBs/OCBs were allowed to enter as an independent variable, while 

VCBs/DCBs were not permitted In other versions. Reviewing the results of 

these mocels (models 14 through 21 in Table 2-2), models 14, 16, and 20 

are the best from statistical measures. The overall best model is model 

16, which relates sick days off per assignment to vacation days off, 
with 

an inverse relationship, meaning that sick days off increase as vacation 

oays off decrease. Because both vacation days of f and sick days off are 

calculated in model 16 as per assignment figures, and the coefficient of 
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vacation days off is close to 1.0 (0.942), thIs Implies that the 

combination of vacation and sick days per assignment remains more or less 

constant. In addition, the intercept for the relationship (the constant) 

is also near to 1.0 (0.835). The effect of this is to limit the range of 

the relationship (given that both vacation days off and sick days off must 

be non-negative) to a range of between 0 and 0.886 vacation days off, 

which will generate a range of between 0.835 and 0 sick days off, 

respectively. There is an unclear causality In this relationship, that 

seems to imply that the total of vacation and sick leave will generally be 

about constant, and also implies that operators will take sick days off 

more often when they have no vacation time available. 

Model 14 shows that sick days off per operator are a function of the 

operator/assignment ratio and vacation days off. For both variables, the 

relationship is an inverse one, as expected. This indicates that 

decreases in either the operator/assignment ratio or vacation days off 

will result in increases in sick days off. This model will not be limited 

to the same range of applicability as the previous one, because it is a 

function of both the operator/assignment ratio and vacation days off, so 

that the maximum value of vacation days off for which the relationship 

.i:i hc'i will d?en or the alu o the opeator/ar1rrnent ito. 

The best relationship found f or sick days off lagged by two weeks is not 

as strong, statistically, as either of models 14 and 16. Also, It shows a 

positive sign on the operator/assignment ratio, which is Intuitively 

troublesome. Overall, the lagged models all show less strong 

relationships than the unlagged models, and several of the lagged models 

contain problems such as counter-intuitive signs. As a result, It is 

recomended that the model for sick days off should be model 14. 

For requests off, a number of different models were tried, none of which 

were particularly strong, statistically. Regressions were run both for 

lagged requests off and unlagged requests off, and using both operators 

a:d ssiiments in the denominar)r. The modl ws ls run with th? lcg 

of vacation days off and the operator/assignment ratio, because there 

appeared to be some evidence that such a relationship would be an 

improvement. However, the resulting regression was no better than the one 

in which a simple linear relationship was specified. Overall, the lagged 

moels performec worse than unlagged, with none of the coefficients being 

statistically significant. Among the unlagged models, model 24, using 

requests off per assignment, is the best model statistically, and shows 

requests off to be a function of vacation days off. On the basis of 

operators, model 22, with an identical specification, Is the best model. 

Both models indicate that requests off Increase with vacation days off, 

which seems an unlikely result. Worse, however, is the result of models 

23 and 25, each of which indicates requests off Increasing with all of 

vacation days off, VCBs/OCBs, and the operator/assignment ratio. As noted 

in section 2.3, requests off should Increase with decreasing 

operator/assignment ratio and increasing VCBs/OCBs. A relationship to 

vacation days off is unexpected and does not seem to be causally valid. 

Nevertheless, for this stage of the analysis, this relationship is 

reported and used. 

Other positions was also analyzed using both operators and assignments as 
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the base. In no case was a significant model found, although the highest 

correlation was found with vacatIon days off, as postulated. It Is not 

recommended that any of the relationships derived from the regression be 

used, and this variable remains unpredictable from the analysis performed 

here. 

In section 2.3, it was suggested that the sum of missouts, sick, and 

requests off be analyzed. The resulting models are shown as models 33 

through 40 in Table 2-2. None of these models performed as well, 

statistically, as the model for sick days off alone, so models were also 

tried with missouts and requests off alone. These models are shown as 

models 41 through 48 in Table 2-2. All of these models are inferior to 

the models that use missouts alone or requests of f alone. Therefore, it 

is concluded that sums of unscheduled absence categories do not provide a 

means to obtain more meaningful relationships. 

As a summary of the preceding section, the following models have been 

identified as the best, intuitively and statistically, for predicting 

unschedule-1 ovrtrne variables nd unscheduled absences from the 

operator/assignment ratio and the vacation iays off: 

a. 

b. 

C. 

Id. 

e. 

f. 

g. 

VCBs/OCBs per Assignment = -1.45*Oper/Assign. + 2.025 

hissed & Canc. Pullouts 

per Assignment = -0.174*Oper/Assign. + 0.241 

Report Hours per 

Assignment 

Shineouts per 
Assignment 

Lagged t'liseouts per 

Operator 

Sick days off per 

Operator 

Requests off per 

Operator 

= -7.689*0/A + 14.08*VDO + 7.62 

= 0.031*Vacatlon Days - 0.003) 

= -0.133*Oper/Assign. + 0.226 

= -0.519*0/A - 0.945*VDO + 1.317 

= 0.149*Vacation Days + 0.057 

The Implications of these formulas can be seen in two ways. First, 

suppose that the operator/assignment ratio is currently 1.30 and the 

average vacation days of f per operator is 0.2. Assuming that there are 

3550 assignments and 4615 FTE operators (as generated by applying the 
1.30 

operator/assignment ratio), then this scenario would lead to the following 

weekly results from these formulas: 

VCBs/OCBs = 497 

Late and Cancelled Runs = 53 
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Report Hours = 1563 

Shineouts = 11 

Missouts = 245 

SIck Days = 2092 

Requests off = 401 

The figure for rnissouts assumes that the operator/assignment ratio was 

steady at 1.30 two weeks prior to the scenario created here. Similarly, 

if one were to look at another week in which the vacations days of f were 

to increase to 0.22, but no other change occurred, only report hours, 

shineouts, slcI bays, and requests off will change. The new values of 

these will be: 

Report Hours = 2563 

Shineouts = 14 

Sick Days = 2005 

Requests of f = 414 

If the operator/assignment ratio is changed to 1.27, then all the values 

except shineouts and requests of f will change. For a week In which 

vacation days off is 0.2, the following values will pertain: 

VCBs/OCBs = 651 

Late and Cancelled Runs = 71 

Report Hours = 2382 

Shineouts = 11 

Missouts = 257 

Sick Days = 2114 

Requests off = 401 

While there ar-c some questionable aspects to these relationships, they 

indicate that there is some possibility that unscheduled overtime and 

unscheduled absence can be predicted from the policy variables of 

operator/assignment ratio and vacation days off. Many additional 

questions would be appropriate to raise on these relationships that 
this 

project is unable to address, but which could be a fruitful exercise in 

the future. 
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Selected data elements were tabuLated and analyzed for the District's 

Operating Divisions 1 and 9, using techniques similar to those described 

in the preceong chapter for systemwide data. The results of this 

analysis are only partially described in this version of the report, but 

will be completed for the final report. 

3.1 DIVISION 1 VCBs/OCBs, SHINE HOOPS, AND MISSED/LATE PULLOIJTS 

As the operator/assignment ratio decreases, there are fewer operators 

available to the dispatcher to operate the service. Therefore, It should 

be expected that the number of VCBs and OCBs would Increase, to cover 

unscheduled absences by operators, or that missed and late pullouts would 

increase. If VCBs and DOSs increase sufficiently, no change should occur 

in missed and late pullouts. Alternatively, if VCBs and OCBs are not 

increased sufficiently to cover all unscheduled absence, then missed and 

late pullouts should increase. 

The opposite relationship should be expected for shine hours. As the 

operator/assignment ratio aecreases, the number of shine hours should 

oecrease. Tnis effect will be reduced or will disappear if too many VCBs 

and DCBs are called in, or if the number of late and missed pullouts is 

allowed to Increase. 

Given the interrelationships between these three variables, it should 

never be the case that VCBs, DOSs, and late and missed pullouts increase, 

shine hours cecrease, and the operator/assignment ratio decreases all in 

the same week. Similarly, VCBs/OCBs, and late and missed puliouts should 

not both decrease at the same time that shine hours increase and the 

ooerator/ass i gnment ratio increases. 
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Analyzing the change between weeks, there are 25 week-to-week changes in 

the 26-week period under study. For 14 of these week-to-week changes, 

VCSs/OCbs per assignment change in the opposite direction to the 

operator/assignment ratio; for 13, late/missed pullouts also change in the 

opposite direction to the operator/assignment ratio: while shine hours per 

assignment change in the same direction as the operator/assignment ratio 

10 out of 25 times. Taking VCSs/OCBs and late/missed pullouts together, 

there is a change in one or both on 19 week-to-week changes that is in the 

expected direction. dding the effects of shine hours, the correct 

composite change occurs on 23 of the 25 week-to-week changes. There are 

two occasions -- from week 5 to 6 and from week 11 to 12, when the exact 

reverse of the expected pattern of changes occurred. 

There is no strong evidence here that there Is any lagged effect on the 

three variables from the operator/assignment ratio, nor is there any 

reason to expect that there will oe such an effect. Within a day-to-day 

variation, some lagging of the effect of operator availability might 



occur, but this should not be evident on week-by-week data. 

Examining trend plots of the three variables against the 

operator/assignment ratio, the following conclusions appear: 

a. Weeks 1 through 5: 

The operator/assignment ratio decreases throughout this period, 

starting at 1.27 In the first week and declining to a level of 

1.22 for Division 1 by week 5, a drop of 3.9 percent. 

The VCBs/OCBs per assignment begin at 0.06 and hover at low 

levels (twice hitting lows of zero) to end at .05 in week 5. 

Late and missed pullouts per assignment decline from an Initial 

value of 0.022 to zero in the following three weeks, and end the 

period at 0.003. 

Shine hours per assignment are not available for most of this 

period. Shineouts generally decline from the initial value of 

0.022 to a low o 0.003. and end at 0.007. 

b. Weeks 6 through 14: 

The operator/assignment ratio Is essentially constant through 

this period at a value of 1.25, although a slight increase to 

1.27 occurs in weeks 8 and 9, then a drop to 1.24 In week 10 

before returning to 1.25 for the remainder of the period. 

The VCBs/OCBs per assignment fluctuates quite widely over this 

period. Beginning at 0.11 they rise to a high of 0.30 in week 8, 

plunge to 0.02 In week 10, then climb steeply again to end at a 

high of 0.40. Memorial Day occurred in week 10, whIch may have 

been responsible for the low. The highs may reflect the 

dispatcher's efforts to push down rising late an missed 

pul louts. 

Late and missed pullouts generally rise slightly over the period. 

Starting from an Initial value of 0.007 per assignment, they 

fluctuate for the next six weeks between a low of zero in week 

10 and a high of 0.011 In week 12. Week 13 reaches a peak of 

0.026 and the period ends at 0.00?. 

The shine hours per assignment fluctuate during the period, 

generally in inverse proportion to OCBs/VCBs. 

Because the operator/assignment ratio is steady through the 

period, the variations In the VCBs/OCBs, late and missed 

pullouts, and shine hours are arising from other factors. During 

the first two weeks of the period, the directions of change are 

counter-intuitive and we have no explanation for them: the 

VCBs/OCBs are increasing, the late and missed pullouts are 

S increasing, and the shine hours are holding fairly steady. 

however, absenteeism for excused or unexcused reasons throughout 
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the period fluctuates similarly to VCBs/OCBs, which may account 

for those changes. 

c. Weeks 15 through 17 (ending 7/6 through 7/20): 

Over this period, which Includes the effects of the June shake- 

up, the operator/assignment ratio climbs from its steady state at 

1.25 in the previous period, to 1.32 in week 16, and then 

declines slightly to 1.30 the following week. The rise Is almost 

certainly a result of the service cuts instituted at the end of 

June, without any significant lay-offs of drivers. 

As expected, with the Increases In avaHable operators, the 

VCBs/OCBs per assignment declines markedly in the first week, but 

then begins climbing to the end of this period. Apart from the 

fact that the VCBs/OCBs start climbing sooner than expected 

(possibly due to an overcompensation In adjustment In week 16), 

the trends are, as hypothesIzed. 

Missed and late pullouts decline for the first week, then rise in 

the last. two weeks of this pericd, as the ooerator/asslgnment 

ratio begins to decline again. This pattern is what ;ould be 

expected In terms of the operator/assignment ratio, with the 

number of missed and late pullouts declining as more operators 

become available from the increasing operator/assignment ratio, 

and increasing again as the operator/assignment ratio arops. 

However, in the last week of the period, the increase in 

VCs/OCBs is apparently insufficient to compensate for the 

decrease in operator/assignment ratio, resulting in a peaking of 

the missed and late puilouts in week 17. 

S 

Shine hours per assignment increase at the beginning of the 

period, indicating that the sudden decrease in VCBs/OCBs was 

still insufficient against the increase In the 

operator/assignment ratio. The system appears to be quite 

unstable with respect to shine hours over the period, with an 

increase in shine hours in the fifteenth week, even though the 

VCBs/OCBs arop significantly. In week 16 shine hours rise more 

slowly as VCBs/OCBs also rise, although apparently not fast 

enough. In the seventeenth week, shine hours drop again, as the 

operator/assignment ratio arops, VCbs/OCBs rise, and missed and 

late puilouts rise. 

Overall, this period shows some instabilities as the 

operator/assignment ratio made some of its largest week-to-week 

changes, resulting from the June shake-up. Generally, the 

hypothesized relationships seem to hold, although there is 

evidence that the system takes two or three weeks to recover from 

the shake-up. 
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d. Weeks 18 through 24 (ending 7/27 through 9/7): 

During this period, the operator/assignment ratio is steady at 
1.28 for the eighteenth through twenty-first weeks, then 

decreases to 1.26 one week, and returns to about 1.27 for the 

last week of the period. 

Despite the stability of the operator/assignment ratio, there are 

some significant changes in the VCBs/OCBs through the period. 
Initially, the VCBs/OCBs per assignment continue to decline from 

the peak of 0.34 in week 16 to a low of 0.10 in week 19. Over 

the next four weeks the VCBs/OCBs rises to a peak In the twenty- 

third week at 0.0.32, dropping slightly to 0.31 to end the 

period. The sudden rise occurs in the same week that the 

operator/assignment ratio declines from 1.28 to 1.26. It Is 

not&ble that there is a marked Increase in absences In the 

twenty-second and twenty-third weeks, the peak in week 22 being 

from missouts and the peak In week 23 being from the TMother" 

category. These absences may be responsible for the extent of 

the peak in VCBs/OCBs in week 23. 

ls3eo ai,ri late pul louts reaL a a< of C.07 in 'e&.20, then 

decline to 0.02 by week24. Given the stability in 

operator/assignment ratios, the decline in missed and late 

pullouts appears to be primarily in response to changes in 

VCBs/OCBs, after the effects of the June shake-up have settled 

out of the system. Generally, the missed and late pullouts . decline as VCBs/OCBs rise, and rise when VCBs/OCSs drops, as 

expected. 

Shine hours generally decline over the period - with some steep 

peaks and valleys along the way. The first three weeks show a 

consistent decline in shine hours - as VCBs/OCBs also decline and 

late and missed pullouts increase. Shine hours remain high over 

wees 20, 21, anci 22, anc. t.n d,line over the -emLnig tw 
weeks of the period. The decline occurs as VCBs/OCBs also 

declines, as expected. 

Throughout this period, the hypothesized relationships among these 

variables appear to hold quite well, with VCBs/OCBs and shine 

hours varying together, and missed and late pul louts changing in 

the opposite direction to these two variables. The 

operator/assignment ratio is fairly steady, so that there appear 

to be other factors, probably changes in absenteeism, that are 

generating the changes in each of the other measures. 

e. Weeks 25 and 26 (endIng 9/14 and 9/21): 

1 minor shake-up took place on September 8 that affects the 

performance In the last two weeks of the study period. Service 

was added back after the service cuts In June, resulting in a 

sharp drop in the operator/assignment ratio to 1.24 in week 25, 

although It recovered to almost 1.30 in the following week. 
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Despite the drop In the operator/assignment ratio, the VCBs/OCBs . per assignment decrease in week25 and increase in week26. These 

changes result in a sharp Increase in missed and late pul louts In 

week 25 and another, smaller increase in week 26. 

As noted above, missed and late puliouts Increase sharply In week 

25 to 0.08, and continue to climb to 0.09 in week 26, the highest 

value In the entire 26 weeks. These changes occur in the 

expected direction, and appear to be a result of the changes in 

operator/assignment ratio. 

Shine hours per assignment increase slightly then decline. Both 

shine hours and VCBs/OCBs are working counter-intuitively in this 

period, as missed and late pullouts rise sharply. 

3.2 DIVISION I SICK DAYS, MISSOUTS, REQUESTS OFF, AND OTHER POSITIONS 

A the Qperator/Asignmnt Ratio decreases, operators are effectively 

being asked to work more, with more opportun1ti.s for overtime work, and 

fewer opportunities to shine out. The demand for VCBs and OCBs is likely 

to increase, and this may be expected to generate some increase in the 

number of mnissouts and sick days. Therefore, under conditions of a 

decreasing operator/assignment ratio, it is expected that sick days and 

missouts will increase. Furthermore, one could anticipate that requests 

for a ay off will increase, but the requests granted will decrease. As a 

result, there should be evidence of a declining number of requests off In 

the data (which relate to actual operator days off allowed from a 

request), and missouts or sick days should increase as operators use these 

as alternative methods to take time off that has not been granted from a 

request. 

Generally, Vacation Days off will not be affecl.ed by the 

operator/assignment ratio and the responses to it. However, variations In 

the Vacation Days off affects the total pool of operators available In any 

given week, and is likely to have an effect on the other types of 

absenteeism. Higher numbers of VacatIon Days will be likely to increase 

the effect of a decreasing Operator/Assignment Ratio, and lower numbers of 

Vacation Days Off will be likely to diminish the effect of a decreasing 

Operator/Assignment Ratio. In all these relationships, there Is the 

possibility that there will be a lag effect that might be as much as two 

or three weeks. In the event that the number of Vacation Days Off rises 

to some significant peaks in the period, there should be a higher use of 

VCBs/OCBs, fewer shine outs, and potentially more Missed and Late 

Pul louts, irrespective of the Operator/Assignment Ratio. 

The reverse patterns should be expected when the Operator/Assignment 
Ratio 

is increasing, implying a growing pool of operators for the available 

assignments. In this case, there should be a need f or fewer VCBs and 

OCBs, less overtime opportunities, and a resulting decline in unscheduled 

aosences. Again, significant variations in Vacation Days Off will be 

likely to change the pattern, with a peak in Vacation Days Off diminishing 
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the tendency for unscheduled absences to decline and a valley In Vacation 

Days Off tending to increase the declines in unschedule'd absences. 

3.2.2 Results of the nalvsIs Unlaed Data 

nalyzing the change between weeks, there are 25 week-to-week changes In 

the 26-week period under study. For 5 of these week-to-week changes, 

Requests Off per assignment change in the opposite direction to the 

operator/assignment ratio; for 20, Sick Days per operator also change in 

the opposite direction to the operator/assignment ratio; other absences 

per operator change in the opposite direction for 16 week-to-week changes; 

and rnissouts per operator change In the same direction as the 

operator/assignment ratio only 11 out of 25 times. Total unscheduled 

absences change in the expected direction on 14 of the 25 week-to-week 

periods. However, in 24 of the 25 week-to-week periods, at least one of 

the unscheduled absence categories -- sick, missout, request off, and 

other varies in the expected direction against operator/assignment 

ratio. There are peaks in vacation days per operator in the period. The 

first of these occurs around week 5, but is brief and the figure declines 

immediately after that week. There Is a second, higher, and prolonged 

peak in weeKs 12 through 24 the surrrner months). Total absences drop at 

beg1rui!icj o th pr iod nd :eriain r.ther l; rei.it:-ie to later 

per i ors. 

There is some evidence here that there is a lagged effect on some of the 

absenteeism variables from the operator/assignment ratio. In looking at 

the correlation of increases and decreases from week-to-week, it appears 

that missouts per operator are lagged about two weeks behind changes in 

the operator/assignment ratio. With a two week lag, the number of changes 

that have a sign opposite to the change in operator/assignment ratio 

increases from 11 out of 25 to 13 out of 24. Similarly, days off for 

sickness appear to correlate most highly with a two-week lag, where the 

percentage of occurrences of a change In value from week-to-week that Is 

opposite to the operator/assignment ratio increases from 80 percent 

ur.açget to 92 eron:. Riousts cff correlat most hhly without 
lagging at all, while a lagging does not effect other absences, as 

expected. 

Examining trend plots of the four absenteeism variables against the 

operator/assignment ratio, the following conclusions can be drawn for the 

uniagged effects: 

a. Weeks 1 through 5: 

The operator/assignment ratio decreases throughout this period, 

starting at 1.27 in the first week and declining to a level of 

1.22. Vacation days off decline, then climb back toward to the 

perioc starting point, beginning at 0.34 and ending at 0.31. 

Missouts per operator fluctuate during the period, but end where 

they began, at 0.05 per operator. peak of 0.07 occurs in week 

4, at a point where requests off are quite low. In fact, the 

S total number of days off for missouts is identical in weeks 6 and 

7, while the full-time operators increases by 3 from 305 to 306 



and part-time operators decrease from 47 to 46. Full-time 

equivalent operators increase from 328.5 to 331. 

SIck days off per operator fluctuate then end higher, moving form 

0.37 to 0.40 per operator. A small peak to 0.41 occurs In the 

third week, similar to but much smaller than the peak in 

missouts. 

Requests off reach a 26-week high In week 4 of 0.21 per operator, 

up from 0.13 the previous week. The high in requests of f 

coincides with a low in missouts and sick days, and comes at a 

time when vacation days are also quite low. For the remainder of 

the period requests off cluster around 0.15 per operator. The 

initial drop in requests of f appears to be a dispatcher response 

to the declining operator/assignment ratio, Indicating fewer 

requests for a day of f being approved. After the initial drop in 

the operator/assignment ratio, it appears that dispatchers found 

fewer problems than expected in getting service out and permitted 

more requests off to be taken after the third week. 

Other positions per operator decline sharply from a starting 

value of 0.16 to a low u: 0.09 in the thira week. In the last 

week other positions increase to 0.11. Overall, other positions 

seems to parallel vacation days off, and to run counter to 

requests off. 

b. Weeks 6 through 14: 

The operator/assignment ratio is essentially constant through 

this period at a value of 1.25, although a slight increase to 

1.27 occurs in the weeks 8 and 9, but drops back to 1.25 by the 

end of the period. Vacation days off fluctuate but trend upward, 

reaching the start of the summer season by the end of the period. 

From a beginninq point of 0.24 they reach an ending point of 

0.40. The exccption is a sharp drop in wee 10 o 0.27. 

Missouts per operator drop sharply in week 8, then climb as 

sharply, dip again, then end higher. Missouts start at 0.06, hit 

a low of 0.03 then end at 0.07. Given that the 

operator/assignment ratio is stable through this period, It is 

apparent that this characteristic is not the one that Influences 

the missouts per operator. In the later part of the period 

missouts parallel vacations days. There appears to be only 

sporadic evidence of a relationship between missouts and the 

operator/assignment ratio and sick and other positions. 

Sick days off per operator rise and.fall smoothly throughout this 

period with peaks in weeks 8 and 12-13. They begin at 0.474 in 

the eighth week and decline to 0.388 by the fourteenth week. A 

dip occurs in weeks 10-11 with the value reaching a low of 0.382 

coinciding with the low in vacation days off, and low points for 

the period in other absences and a high in requests off. 

Requests off fluctuate beginning at 0.127, reach a high of 0.202 
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in week 10, and decline to end at 0.109. Contrary to what might 

be expected, the pattern in these changes usually matches the 

directional changes in operator/assignment ratio in reverse. 

That is, as the operator/assignment ratio falls, requests of f 

rise, while small increases in the operator/assignment raio are 
accompanied by decreases In requests off. 

Other positions per operator roughly parallels vacatIon days off 

and sick days off, declining from the end of the previous period 

to the tenth week, where a low for the period occurs, and then 

rising generally for the remainder of the period. A dip occurs 

in the other positions In the tenth week, coinciding with a dip 

in sick days off. The parallel of this absence category to sick 

days off and vacation days off Is not expected. 

c. Weeks 15 through 17 (endIng 7/6 through 7/20): 

Over this period, which Includes the effects of the June shake- 

up, the operator/assignment ratio climbs from its steady state at 

1.25 in the previous period, to 1.32 In week 16, and then 

declines sHghtly to 1.) the fc'J lowing week. The rkse Is almost 

certainly a result of the service cuts instituted at the end of 

June, without any significant lay-offs of drivers. Although 

vacations are arranged well in advance, without prior knowledge 

of the consequences of a shake-up, it Is noticeable that 

vacations drop in week 15 (the week of the shake-up) and then 

return to a level close to that prior to the shake-up. 

Missouts per operator decline throughout the period, starting at 

0.049 and ending at 0.040. This decline in missouts is expected, 

given the increase in the operator/assignment ratio. 

Sick days off continue to decline from the fourteenth to the 

fifteenth week, and then rise slightly from the fifteenth through 

seventeenth weeks. Possibly the drop in sick days to the lowest 

value of the period at 0.327 days per operator in week fifteen is 

a result of operators wanting to be around to see the effects of 

the shake-up. The rise over the balance of the period appears to 

be lagged by one week from a rise in the operator/assignment 

ratio, which would be contrary to expectations (i.e., sick days 

off should increase when the operator/assignment ratio 

decreases). The rise is not large, however, and may be 

insignificant. 

Requests off per operator were declining in the last three weeks 

of the previous period but now rise sharply in the first week and 

continue climbing to a high of 0.174 In week 16 then declines 

somewhat in week 17. The decline in value for week 15 appears in 

all absence categories except requests off, as the 

operator/assignment ratio starts to drop after the shake-up is as 

postulated. 

S Other positions per operator drop in week 15 to 0.116 from 0.13? 

in the previous week. They rise to week 16 and then drop sharply 
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in week 17. The pattern of other positions parallels the pattern 

in mlssouts and requests off. 

Overall, the primary effect that Is observable over this period 

is a sharp decrease In all absence categories except requests off 

in the week following the June 30 shake-up. This seems to 

indicate an intention of operators to be around in that first 

week, possibly to make sure they know their new assignments, and 

possibly as protection against being laid of f, given that service 

was cut on June 30. After the June 30 shake-up, trends run 

counter to what would generally be expected. 

d. Weeks 18 through 24 (ending 7/27 through 9/7): 

During this period, the operator/assignment ratio is steady at 

1.28 for the eighteenth through twenty-first weeks, then 

decreases to 1.26 for one week, and returns to about 1.27 for the 

remainder of the period. Vacation days off are high through this 

period, period and remain high through week 24. This would be 

expected as operators attempt to take vacation during surrner 

srthoo varatior,s. Vacation days off per operator climb to a peak 

f 0.400 in week 20. 

Missouts per operator fluctuate extremely widely between weeks 18 

and 22. Overall, they show an upward trend. Week 18 shows a low 

of 0.021, week 20 shows the high of 0.095, and at week 24 the 

period ends at 0.057. The peak coincides with vacations days off 

and runs contrary to trends in requests off. With the 

operator/assignment ratio remaining fairly steady throughout this 

period, the primary driving force on rnissouts seems to be 

vacation days off and requests off. 

Sick days off per operator rise steadily throughout the period. 

Sick days off vary in the opposite direction to vacation days 

off, as might be expected. Correlation with the 

operator/assignment ratio 15 not evident. 

Pequests off per operator fall to a 26-week low of 0.054 in week 

21 then climb to end the period at 0.098 in week 24. The 

decrease in requests off occurs opposite to vacation days off, 

and in spite of a slight decline in operator/assignment ratio. 

Other positions per operator decline sharply over the period, 

from 0.090 at the end of the preceding period to 0.006 by the 

twenty-fourth week. Within that period, there is some 

fluctuation, but it Is clear that the general trend is downwards. 

Changes in other positions do not seem to correlate particularly 

strongly with any other variable, although the direction of 

change is generally similar to that for requests off. 
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e. Weeks 25 and 26 (endIng 9/14 arid 9/21): 

A minor shake-up took place on September 8 that affects the 

performance in the last two weeks of the study period. Service 

was added back after the service cuts in June, resultIng In a 

sharp drop In the operator/assignment ratio to 1.24 In week 25, 

although it recovered to almost 1.30 In the following week. 

Vacation days off drop sharply, then climb back to 0.035 in these 

two weeks. 

Missouts per operator decline slightly then rise sharply over 

these two weeks. Missouts parallel vacations and requests, as 

would be expected. 

Sick days off per operator rise then drop slightly . As the 

operator/assignment ratio increases sick days drop, as would be 

hypothesized. 

Requests off per operator drop sharply then rise to end the 

period near wnere they began. These movements are opposite to 

what would be expected relative to the operator/assignment ratio. 

Pequets off in this period cksely parallel vacation days off 

and run opposite to other positions and sick days. 

Other positions per operator rise than fall sharply over the 

period. In this period the other correlate well with the 

operator/assignment ratio but run opposite to vacation days off, 

requests off, and to some extent, missouts. 

3.2.3 Reuits of the Analv5is -- Lagged Data 

As noted in section 3.2.2, there is some evidence that there is a lagged 

effect on sick leave and rnissouts from the operator/assignment ratio. 

These lagged effects appear to be on the order of two weeks, suggesting 

that changes in the operator/assignmen: ratio trigger changes in these 

categories of absence after two weeks have elapsed. Examining trend plots 

of the four laggec absenteeism variables against the operator/assignment 

ratio, the following conclusions can be drawn: 

Decreases in the Operator/Assignment Ratio should give rIse to increases 

in the demand for VCBs and OCBs, followed by lagged increases In the 

number of missouts and sick days. The reverse should also apply that 

increases in the Operator/Assignment Ratio should result in decreases in 

the lagged rnissouts and sick days. 

Higher numbers of Vacation Days will be likely to increase the effect of a 

decreasing Operator/Assignment Ratio, and lower numbers of Vacation Days 

Off will be likely to diminish the effect of a decreasing 

Operator/Assignment Ratio. When the Operator/Assignment Ratio is 

constant, increases in Vacation Days Off should result in increases in 

VCBs/OCBs, followed by a lagged increase in sick and rnissout days per 

operator. Conversely, cecreases in Vacation Days Off should be followed 

by a lagged cecrease in sick and missed days. 
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Other positions should generally increase when the Vacation Days Off 

increases and decrease when Vacation Days Off decrease. 

a. Weeks 1 through 5: 

As noted previously, the operator/assignment ratio decreases 

throughout this period, starting at 1.27 In the first week and 

declining to a level of 1.22. Vacation days off decline, then 

cUmb back toward to the period starting point, beginning at 0.34 
and ending at 0.31. 

There Is an overall trend for the missouts per operator to 

decrease over this period. Within this overall decrease, there 

is a sharp decrease in the second week that coincides with a dip 

In vacation days off. The downward trend in missouts Is not what 

would be anticipated for a decreasing operator/assignment ratio. 

In this period, it appears that the missouts per operator trail 

vacations by about two weeks. 

Sick days off initially dip then increase over the period. The 

increase in sick days, lagged by two weeks, is the expected 

effect of an increase with decreasing operator/assignment ratio. 

Other positions per operator is fairly stable except for a sharp 

peak in week 3. This sharp peak in other positions (lagged) 

coincides with a low in vacation and request days off. 

b. Weeks 6 through 14: 

The operator/assignment ratio is essentially constant through 

this period at a value of 1.25, although a slight increase to 

1.27 occurs in the weeks 8 and 9, but drops back to 1.25 by the 

end of the period. Vacation days off fluctuate but trend upward, 

reaching the start of the summer season b the end of the )eriod. 

From a beginning point of 0.24 they reach an ending point of 

0.40. The exception is a sharp drop in week 10 to 0.27. 

Missouts vary significantly over this period, initially falling 

sharply from week five to week six, then rising for the remainder 

of the period. Missouts approximately parallel requests off and 

sick days and in all but one week move opposite to the 

operator/assignment ratio. This pattern is as expected for a 

fairly constant Operator/Assignment Ratio and varying Vacation 

Days Off. 

Sick days off per operator generally decline through the period, 

although they do so in a gentle roller-coaster pattern with highs 

in weeks 10 and 11. This pattern is roughly a mirror image of 

Vacation Days Off and Missouts. There is no apparent 

relationship to the Operator/Assignment Ratio. The parallel 

changes between lagged sick days off arid Vacation Days Off are as 

5 expected. 



Other positions per operator trend generally upward during the 

period, with the exception of weeks B and 10. AgaIn, this 

absence variable parallels the changes In vacation days off and 

rnssouts. It is expected that other positions should parallel 

changes in the Vacation Days Off. 

Overall, this period shows the expected relationship between 

Vacation Days Of f and missouts, and partially shows the opposite 

relationship between Vacation Days Off and each of sick days and 

other positions, under circumstances of a reasonably constant 

Operator/Assignment Ratio. 

c. Weeks 15 through 17 (ending 7/6 through 7/20): 

Over this period, which includes the effects of the June shake- 

up, the operator/assignment ratio climbs from its steady state at 

1.25 in the previous period, to 1.32 in week 16, and then 

declines slightly to 1.30 the following week. The rise is almost 

certainly a reâu]t of the service cuts instituted at the end of 

June, without any significant lay-offs of drivers. Although 

vacations are arranged well in advance, without prior knowledge 

of the consequences of a shake-up, it is noticeable that 

vacations drop in week 15 (the week of the shake-up) and then 

return to a level close to that prior to the shake-up. 

Missouts per operator decline in the first two weeks of this 

period as the Operator/Assignment Ratio rises, and then jump 

sharply in week seventeen as the Operator/Assignment Ratio drops 

back from its high in the previous week. The changes in rnissouts 

per operator are precisely as postulated, changing in the reverse 

direction to the Operator/Assignment Ratio. 

Sick days off per operator hold constant during this period of 

three weeks, and they do not appear to be effected by any other 

variable. 

Other positions per operator somewhat parallel the changes in 

missouts. In this period, the changes in other positions (lagged 

by two weeKs) shows an inverse correlation with the 
Operator/Assignment Ratio, but does not follow the pattern 

of 

Vacation Days Off, as would have been expected. It could be 

speculated, however, that the relationship to Operator/Assignment 

Ratio is more plausible around a shake-up than would be a 

relationship to Vacation Days Off. In this case, in the two 

weeks following the shake-up, which created a surplus of 

operators, the number of other positions per operator declines, 

rising again as the system begins to settle back into a more 

stable manpower condition. 

Overal 1, this short period around the June shake-up shows 
the 

expected relationships between Operator/Assignment Ratio 
and each 

of lagged rnissouts and lagged sick days off, but does not support 

the expected changes in other positions related to vacations. 



d. Weeks 18 through 24 (endIng 7/27 through 9/7): 

During this period, the operator/assignment ratio Is steady at 

1.28 for the eighteenth through twenty-first weeks, then 

decreases to 1.26 for one week, and returns to about 1.27 for the 

rernairicer of the period. VacatIon days off are high through this 

period, period and remain high through week 24. ThIs would be 

expected as operators attempt to take vacation during suirniier 

school vacations. Vacation days off per operator climb to a peak 

of 0.400 In week 20. 

Missouts per operator fluctuate widely, then end near their 

beginning point. Between weeks 20 and 24 they follow a pattern 

similar to vacation days off. Otherwise their is little 

correlation with any other variable. 

Sick days off per operator rise steadily over the period with the 

exceptions of the last week when they decline somewhat. This 

downward trend is as expected against the Operator/Assignment 

Patio, which overall declines slightly. In the latter part of 

the period, they also move as expected against Vacation Days Off, 

whicL are declining. 

Other positions fluctuate widely but generally decline overall in 

the period. In the early part of the period they somewhat follow 

the same pattern as requests off. Otherwise, there is little 

correlation between other positions and any other variable. 

Overall, this period shows significant departures from the 

expected relationships. The strongest relationship seems to be 

between sick days and the operator/assignment ratio. 

3.3 DIVISION 9 VCBs/OCBs, SEIINEOtJTS, AND MISSED/LATE PULLOUTS 

As the operator/assignment ratio decreases, there are fewer operators 

available to the dispatcher to operate the service. Therefore, It should 

be expected that the number of VCBs and OCBs would increase, to cover 

unscheculed absences by operators, or that missed and late pullouts would 

increase. If VCBs and OCBs increase sufficiently, no change should occur 

in missed and late pullouts. Alternatively, if VCBs and OCBs are not 

increased sufficiently to cover all unscheduled absence, then missed and 

late puliouts shoula increase. 

The opposite relationship should be expected for shine hours. As the 

operator/assignment ratio cecreases, the number of shine hours should 

decrease. This effect will be reduced or will disappear if too many VCBs 

and OCBs are called in, or if the number of late and missed pullouts is 

al lowec to increase. 

Given the interrelationships between these three variables, it should 

never be the case that VCBs, OCBs, and late and missed puHouts increase, 

. shine hours decrease, and the operator/assignment ratio decreases all in 

the same week. Similarly, VCBs/OCBs, and late and missed pullouts should 
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not both decrease at the same time that shine hours increase and the 

operator/assignment ratio increases. 

3.3.2 Results of the Analysis 

Analyzing the change between weeks, there are 25 week-to-week changes in 

the 26-week period under study. For 15 of these week-to-week changes, 

VCs/OCBs per assignment change In the opposite direction to the 

operator/assignment ratio: for 11, late/missed pullouts also change in the 

opposite direction to the operator/assignment ratio: while shine hours per 

assignment change in the same direction as the operator/assignment ratio 9 

out of 25 times. Taking VCBs/OCBs and late/missed pullouts together, 

there is a change in one or both on 18 week-to-week changes that is in the 

expected direction. Adding the effects of shine hours, the correct 

composite change occurs on 22 of the 25 week-to-week changes. There are 

three occasions from week 6 to 7 and from weeks 9 to 11, when the exact 

reverse of the expected pattern of changes occurred. 

There is no strong evidence here that there is any lagged effect on the 

three variables from the operator/assignment ratio, nor is there any 

reasnn t xpect .hat there will be such an effect. Within a day-to-day 

variation, some lagging of the effect of oprator avaiiabilty might 

occur, but this should not be evident on week-by-week data. 

Examining trend plots of the three variables against the 

operator/assignment ratio, the following conclusions appear: 

a. Weeks 1 through 6: 

The operator/assignment ratio increases throughout this period, 

starting at 1.30 in the first week and rising to a level of 1.34 

for Division 9 by week 6, a rise of 3.0 percent. 

The VCBs/OCBs per assignment begin at 0.21 and after some 

fluctuation increase to a high of 0.23 by the week ending tiay 4, 

as would be hypothesized. However, they then drop sharply to end 

at a low of 0.08 in the last week of the period. 

Late and missed pullouts per assignment hit an early peak then 
a 

sharp decline and finally end near the starting level. The 

initial value of 0.02 peaked at 0.06 in week 2, dropped to zero 

in week 4, then climbed back to end at 0.02. The high in week 2 

and drop in week 3 coincide with a similar rise and drop in 

absenteeism in those weeks. 

Shine hours per assignment data is not available 

period. Shineouts decrease over the first four 

slight increase in the sixth and seventh weeks. 

period at .005 per assignment, drop to .0019 by 

and rise to .0038 in the seventh week. 

for most of this 

weeks, but show a 

They begin the 

the fourth week 



b. Weeks 7 through 14 (ending 5/18 through 6/29): 

The operator/assignment ratio is essentially constant through 

this period, beginning at 1.32, increasing to 1.34 In week 10, 

then edging off to 1.33 for the remainder of the period. 

The VCBs/OCBs per assignment rise gradually over the period with 

the exception of a plunge In week 12. The plunge coincides with 

a sharp decrease in absenteeism. After beginning at 0.07 

VCBs/OCBs rise to 0.12, plunge to 0,005, then end at a high of 

0.15. 

Late and missed pullouts decline over this period from the high 

at the end of the previous period. Starting from a high at the 

end of the previous period of 0.015 per assignment, they decline 

with the OCBs/VCBs to a low of zero twice In the period, In weeks 

9 and 11. They end the period at 0.007. 

Shine hours per assignment fluctuate during the period but 

generally trend up from a total of 610 hours to 650 hours. Peaks 

and valle"s In total shine hcvtr tend vary Inversely with 

OCBs,'VCBs, as is expected. 

Because the operator/assIgnment ratio is steady through the 

perio, the variations in the VCBs/OCBs, late and missed 

pullouts, and shine hours are arising from other factors. On 

three occasions the directions of change are counter-intuitive 

and we have no explanation for them: the VCBs/OCBs are declining, 

the late and missed pullouts are declining, and the shine hours 

are holding fairly steady. In the remainder of the period, the 

combined changes in these measures are a little more logical, 

showing generally increasing shine hours with increasing 

VCBs/OCBs, and missed and late pullouts Increasing as VCBs/OCBs 

decrease - 

c. Weeks 15 through 17 (ending 7/6 through 7/20): 

Over this period, which includes the effects of the June shake- 

up, the operator/assignment ratio climbs from its steady state at 

about 1.30 in the previous period, to 1.39 in week 15, declines 

slightly to 1.38 the following week, and then declines sharply to 

1.28 in week 17. The rise is almost certainly a result of the 

service cuts instituted at the end of June, without any 

significant lay-offs of drivers. 

As expected, with the Increases In available operators, the 

VCBs/QCBs per assignment declines markedly In the first week, but 

then begins climbing to the end of this period. Apart from the 

fact that the VCBs/OCBs start climbing sooner than expected 

(possibly due to an overcompensation in adjustment in week 16), 

the trends are as hypothesized. 

S Missed and late pullouts rise slightly in the first week then 

decline for the remainder of the period. 



Shine hours per assignment increase at the beginning of the 

period, Indicating that the sudden decrease in VCBs/OCBs was 

still insufficient against the increase in the 

operator/assignment ratio. The system appears to be quite 

unstable with respect to shine hours over the period, with a 

sharp increase in shine hours in the fifteenth week, even though 

the VCBs/OCBs drop significantly, then a decrease In shine hours, 

while VCBs/OCBs rise and the operator/assignment ratio rises in 

the sixteenth week. In the seventeenth week, shine hours drop as 

the operator/assignment ratio drops, VCBs/OCBs rise, and missed 

and late pul louts remain at zero. 

Overall, this period shows some instabilities as the 

operator/assignment ratio made some of its largest week-to-week 

changes, resulting from the June shake-up. Generally, the 

hypothesized relationships seem to hold, although there is 

evidence that the system takes two or three weeks to recover from 

the shake-up. 

d. Weeks 18 through 24 (ending 7/27 through 9/7): 

During this period, the operator/assignment ratio gradually edges 

down from 1.25 to 1.23. 

Despite the consistent decline in the operator/assignment ratio, 

there are some significant fluctuations in the VCBs/OCs through 

the period. Initially, the VCBs/OCBs per assignment rise to of 

Over 

two weeks, the VCBs/OCBs rises to a high of 0.39 In week 22 then 

plunge to end at 0.19 in week 24. These fluctuations cannot be 

explained by changes In absenteeism as they run counter to 

absenteeism trends. 

Missed and late pullouts rise slightly over the period. A 

dramatic jump from 0.01 to 0.05 occurs in week 23, but a 

correction in week 24 brings missed and late pul louts Imediately 

back down to 0.07. As the operator/assignment ratios decline 

slightly, the missed and late pullouts rise slightly, as would 

be expected. 

After declining from week 17 to week 18, the shine hours rise to 

their 26-week high in week 19. This rise occurs as VCBs/OCBs 

rises, and as a slight upward movement in operator/assignment 

ratio occurs. Shine hours generally descend for the remainder of 

the period to finish at their 26-week low in week 24. This 

decline occurs as VCBs/OCBs also declines, as would be expected. 

Throughout this period, the hypothesized relationships among 

these variables appear to hold quite well, with VCBs/OCBs and 

shine hours varying together, and missed and late pullouts 

changing in the opposite direction to these two variables. The 

operator/assignment ratio is fairly steady, so that there appear 

to be other factors, as In weeks 8 through 14, that are 

generating the changes in each of the other measures. 
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e. Weeks 25 and 26 (ending 9/14 and 9/21): 

A minor shake-up took place on September 8 that affects the 

performance in the last two weeks of the study period. Service 

was added back after the service cuts In June, resultIng in a 

sharp drop in the operator/assignment ratio to 1.19 In week 25, 

recovering to 1.20 in the following week. 

The VCBs/OCBs per assignment Increase steadily throughout the 

period from 0.19 to 0.25. 

Missed and late pullouts increase sharply in week 25 from 0.07 to 

0.40 as the operator/assignment ratio plunges. 

Shine hours per assignment move counter to what would be expected 

from changes in the operator/assignment ratio. Instead they seem 

to respond to changes in VCBs/OCBs. 

3.4 DIVISION 9 SICK DAYS, MISSOUTS, REQUESTS OFF, AND OTHER POSITIONS 

3.4.1 PrIor HYPotheses 

As the Operator/Assignment Patio decreases, operators are effectively 

being asked to work more, with more opportunities for overtime work, and 

fewer' opportunities to shine out. The demand for VCBs and OCBs is likely 

to increase, and this may be expected to generate some Increase In the 

numoer of missouts and sick days. Therefore, under conditions of a 

decreasing operator/assignment ratio, it is expected that sick days and 

missouts will increase. Furthermore, one could anticipate that requests 

for a day off will increase, but the requests granted wil' decrease. As a 

result, there should be evidence of a declining number of requests off in 

the aata (which relate to actual operator days off allowed from a 

request), and missouts or' sick days should Increase as operators use these 

as alternacive methods to take ifli of that has not been cranted from a 

request. 

Generally, Vacation Days off will not be affected by the 

operator/assignment ratio and the responses to it. However, variations in 

the Vacation Days off affects the total pool of operators available in any 

given week, and is likely to have an effect on the other types 
of 

absenteeism. Higher' numbers of Vacation Days will be likely to increase 

the effect of a decreasing Operator/Assignment Ratio, and lower numbers 
of 

Vacation Days Off will be likely to diminish the effect of a decreasing 

Operator/Assignment Ratio. In all these relationships, there is the 

possibility that there will be a lag effect that might be as much as two 

or three weeks. In the event that the number of Vacation Days Off rises 

to some significant peaks in the period, there should be a higher use of 

VCBs/OCBs, fewer shine outs, and potentially more Missed and Late 

Pullouts, irrespective of the Operator/Assignment Ratio. 

The reverse patterns should be expected when the Operator/Assignment 
Ratio 

is increasing, implying a growing pool of operators for the available 

assignments. In this case, there should be a need for fewer VCs and 
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OCBs, less overtime opportunities, and a resulting decline In unscheduled 

absences. Again, significant variations in Vacation Days Off will be 

likely to change the pattern1 with a peak In Vacation Days Off diminishing 

the tendency for unscheduled absences to decline and a valley in Vacation 

Days Off tending to increase the declines in unscheduled absences. 

3.4.2 Results of the Analysis -- Unlagged Data 

Analyzing the change between weeks, there are 25 week-to-week changes in 

the 26-week period under study. For 1.5 of these week-to-week changes, 

Requests Off per assignment change in the opposite direction to the 

operator/assignment ratio; for 14, Sick Days per operator also change in 

the opposite direction to the operator/assignment ratio; other positions 

per operator change in the opposite direction for 14 week-to-week changes; 

and missouts per operator change in the same direction as the 

operator/assignment ratio only 5 out of 25 times. In all of the 25 week- 

to-week periods, at least one of the unscheduled absence categories -- 

sick, rnissout, request off, and other -- varies in the expected direction 

against operator/assignment ratio. Vacation Days fluctuate quite widely 

at a lower level for the first 15 weeks, then fluctuate more narrowly at a 

higher level for the summer months. 

Unlike Division 1, there is no evidence here that there is a lagged effect 

on some of the absenteeism variables from the operator/assignment ratio, 

with the exception of other positions. In looking at the correlation of 

increases and decreases from week-to-week, it appears that other positions 

per operator are lagged about two weeks behind changes in the 

operator/assignment ratio. With a two week lag, the number of changes 

that have a sign opposite to the change in operator/assignment ratio 

increases from 13 out of 25 to 16 out of 24. 

Examining trend plots of the four absenteeism variables against the 

operator/assignment ratio, the following conclusions can be drawn for the 

unlagged effects: 

a. Weeks 1 through 6: 

The operator/assignment ratio increases throughout this period, 

starting at 1.30 in the first week and rising to a level of 1.34 

for Division 9 by week 6, a rise of 3.0 percent. Vacation days 

of f rise initially and stay at a plateau for two weeks, then drop 

sharply, only to rebound almost as sharply in the next week, and 

finally finish higher. 

Missouts per operator show generally an upward trend over this 

period, as would be hypothesized. The exception is a sharp 

decline in week 5 which reaches a 26-week low. Week 6, however, 

shows and even sharper Increase, to end the period at the 26-week 

high. These peaks and valleys, and all other changes during the 

period run counter to the operator/assignment ratio, as would be 

expected. 

Sick days off per operator decline fairly steadily throughout 
the 

period with the exception of an increase in week 5. The first 
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five weeks change in opposition to the operator/assignment ratio, 

as would be expected. The final week changes In the same 

direction as the operator/assignment ratio, which is not 

expected. In the first four weeks of the period changes in sick 

days follow the same pattern of changes as other positions. 

Requests off rise moderately, then decline sharply in week 3, 

only to rebound on a sharp upward trend which ends in a 26-week 

high in week 6. All but one of these changes are In opposition 

to the operator/assignment ratio, as would be expected. 

Moreover, the pattern of changes for requests of f Is quite 

similar to the pattern of changes f or missouts, with the 

exception of week 5, where missouts plunge sharply while requests 

off continue to rise. 

Other positions per operator rise then decline sharply in week 3, 

then stabilize at a level somewhat lower than week 1. In all but 

the last week of this period other positions change in the 

opposite direction to the operator/assignment ratio. The pattern 

of changes for other positions is most similar to the pattern of 

cages frr sic¼ days cff. 

b. Weeks 7 through 14 (ending 5/18 through 6/29): 

The operator/assignment ratio is essentially constant through 

this period, beginning at 1.32, Increasing to 1.34 in week 10, 

then edging off to 1.33 for the remainder of the period. 

Vacation Days Off plunge steadily until week 9, then generally 

trend upward to end lower overall. 

Missouts per operator decline sharply from the seventh to the 

eighth weeks, increase about half the previous decline, decrease 

for two weeks to low in week 10, then fluctuate to end low. 

Civen that the operator/assignment ratio is stable through this 

period, it is apparent that this characteristic s not the one 

that influences the rnissouts per operator. Moreover, Missouts 

seems to parallel vacation days, the opposite relationship that 

would be expected. 

Sick days off per operator fluctuate during this period, but end 

very close to their beginning point. A high occurs in week 8 and 

the 26-week low occurs in week 12. That significant dip occurs 

in week 10, which coinciaes with the low In vacation days off, 

and low points for the period in both other positions and 

requests off. A very small rise occurs in that week in the 

operator/assignment ratio, but this seems unlikely to explain the 

shifts in these other measures. The same week does show, 

however, a drop in the VCBs/OCBs, as might be expected, given a 

reasonably stable operator/assignment ratio and a low in most 

measures of scheduled and unscheduled absence. 

Requests off decline sharply until week 9, then gradually 

. increase to regain about half that initial drop. The only 

exception to the upward trend in the latter part of the period 
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occurs in week 12 with a minor drop which is corrected In the 

following week. Contrary to what might be expected, the majority 

of these changes match the directional changes in 

operator/assignment ratio In reverse. That is, as the 

operator/assignment ratio falls, requests off rise, while 'nall 

Increases in the operator/assignment ratio are accompanied by 

decreases in requests off. There are also some similarities 

apparent between the pattern of changes for requests off and for 

the pattern for missouts, as might be expected. 

Other positions per operator 5orflewhat parallel the patterns for 

missouts and sick days off. Other positions increase for the 

first two weeks, decline back almost to the beginning level by 

week 12, then increase to end the period somewhat higher than the 

beginning level. The dip in week 12 coincides with the dip in 

sick days off and rnlssouts. The parallel of this absence 

category to sick days off and vacation days off is not expected. 

c. Weeks 15 through 17 (ending 7/6 through 7/20): 

Over th1 periodS ihirh 1nclude the effects of the June sh.ke- 

up, the operator/assignment ratio climbs from Its steady state a. 

about 1.30 in the previous period, to 1.39 in week 15, declines 

slightly to 1.38 the following week, and then declines sharply to 

1.28 In week 17. The rise is almost certainly a result of the 

service cuts instituted at the end of June, without any 

significant lay-offs of drivers. Mthough vacations are arranged 

well in acvance, without prior knowledge of the consequences of a 

shake-up, it is noticeable that vacations drop sharply in week 15 

(the week of the shake-up) and then return to a level close to 

that prior to the shake-up. 

Missouts per operator rise sharply in week 15, then decline even 

more sharply, then rise back to end somewhat lower than their 

beginning point. This declini in missouts is expected, given t.e 

increase in the operator/assignment ratio. During this period 

rnissouts generally move in opposition to vacations days off and 

request days off. 

Sick days off decline then rise in the final week to end the 

period higher. During this period sick days seem to be lagged by 

one week from a rise in the operator/assignment ratio, which 

would be contrary to expectations (i.e., sick days off should 

increase when the operator/assignment ratio decreases). The 

pattern of sick days off for this period most closely follows the 

pattern of other positions. 

Requests off per operator steeply in the first week of this 

period, then continue to aecline moderately in week 16 and 

slightly increase in week 17 to end the period quite low. The 

decline in value for week 15 appears In all absence categories 

except missouts and other, but the continuing downward trend in 

requests off as the operator/assignment ratio starts to drop 

after the shake-up is as likely to be the result of the 
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dispatcher's unwillingness to grant requests with a declining 

operator/assignment ratio. 

Other positions per operator remain fairly steady then Increase 

sharply in the final week of this period. The pattern ofother 

positions most closely resembles the pattern observed in sick 

days off. 

Overall, the primary effect that is observable over this period 

is a sharp decrease In all absence categories except missouts in 

the week following the June 30 shake-up. ThIs seems to Indicate 

an intention of operators to be around in that first week, 

possibly to make sure they know their new assignments, and 

possibly as protection against being laid off, given that service 

was cut on June 30. After the June 30 shake-up, requests off 

match the upward and downward movements of the 

operator/assignment ratio, as would generally be expected (i.e., 

the higher the operator/assignment ratio, the more operators are 

available and the more likely a dispatcher will grant requests 

off). However, trends in sick days off and missouts run contrary 

to exp'ctatior 

d. Weeks 18 through 24 (ending 7/27 through 9/7): 

During this period, the operator/assignment ratio gradually edges 

down from 1.25 to 1.23. Vacation days off remain very high 

throughout this period with minor dips in week 19 and 23. ThIs 

high level of vacation days off would be expected as operators 

attempt to take vacation during summer school vacations. 

Missouts per operator continue to rise for the first two week5, 

then decline for two weeks, then increase sharply for a period 

high in week 23, the decline back to end the period very close to 

t'e starting pont. The wo period highs both coincide with lows 

in vacation days. On the whole, the pattern for missouts is 

nearly the inverse of the pattern for vacations days. With the 

operator/assignment ratio remaining fairly steady throughout 
this 

period, the primary driving force on missouts seems to be 

vacation days off. 

Sick days off per operator remain fairly constant for two 
weeks, 

crop rather sharply, then regain about half the previous drop and 

remain fairly constant for the final four weeks. The sharp drop 

coincides with the peak in request days off. Otherwise, sick 

days off tend to vary in the opposite direction to vacation days 

off, as might be expected. Correlation wIth the 

operator/assignment ratio is not evident. 

Pequests off per operator decline modestly then increase rapidly 

for two period, then fluctuate sharply for the rest of the 

period. The sharp fluctuations do not appear to correlate with 

any other variable. 

Other positions per operator alternately move up then down 
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throughout the period, then end down. Changes in other positions 

do n6t seem to correlate particularly strongly with any other 

variable. 

e. Weeks 25 and 26 (ending 9/14 and 9/21) 

A minor shake-up took place on September 8 that affects the 

performance in the last two weeks of the study period. Service 

was aaded Dack after the service cuts in June, resultIng in a 

sharp orop in the operator/assignment ratio to 1.19 in week 25, 

recovering to 1.20 in the following week. Vacation days off per 

operator drop from their peak in week 24 to a level 0.34 In these 

two weeks. 

Missouts per operator decline then Increase to end higher over 

these two weeks. Missouts do not appear to correlate with any 

other variable during this period. 

Sick days of f per operator rise throughout this period. Sick 

days off parallel other positions most closely, but they do not 

corLe1.i; well with the opra;oL,'ascignrnent rto. 

Requests off per operator drop sharply in both weeks of this 

period, ending near the 26-week low. Requests off do not 

correlate well with any other variable during this period. 

S Other positions per operator hold steady then increase over the 

period. Again, the other positions parallel the sick days off 

of f most closely, but do not appear to correlate particularly 

with the operator/assignment ratio. 

. 
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As part of the Phase III work program, the study team conducted a detailed 

analysis of selected operating data for the District's divisions land 9 

in order to identify and investigate factors affecting the ability of 

operating divisions to function efficiently and effectively at lower 

operator/assignment ratios specifically ratios at roughly 1.27 as 

recommended by the study team's Phase II Report. Daily operating 

statistics were obtained for divisions 1 and 9 for eight weeks from the 

week ending January 11 through the week ending March 1, 1986. In early 

April. interviews were held with selected division management and 

supervisory personnel to discuss manpower planning and utilization at 

divisions 1 and 9. The findings and conclusions from this analysis for 

the District's divisions 1 and 9 are presented In this chapter. 

4.1 DAILY OPERATOR REQUIREMENTS 

Operator requirements are projected each day for the next day's operations 

b each division. At the same time, the number of operators available for 

the iiex. thy's wc is :eterrnn.d. Th differr.ce between th' nuinbcr of 

operators available and the projected operator requirements, which may 
be 

plus or minus for any day, is referred to as the "manpower condition." 

Manpower condition is a variable reported daily by each operating 

division. More specifically, it Is computed as the number of extra board 

operators available for filling open assignments on the next day less the 

number of assignments projected to be filled on the next day. It is 

W calculated at 11:00 a.m. at which time work is commenced to mark up extra 

board work assignments for' the following day. If the manpower condition 

is reported as (-10), the division is reporting a shortage of ten 

operators for the next day's work. 

The number of work assignments to be filled by extra board operators 

includes the following: 

o Open regular assignments; 

o Open a.m. biddable trippers; 

o Non-biddable trippers; and 

o Reports to protect against missouts and other operator absences 

not known at 11:00 a.m. 

Regular run assignments may be open because of an operator being sick, on 

vacation or other leave, or not available for driving work for other 

reasons. If the operator holding the regular run also held a biddable 

tripper, the combined regular run and biddable tripper is considered as 

one open work assignment for manpower planning purposes and is also marked 

up as a single work assignment. If the regular run will e vacant for one 

week or lonoer (except where the regular operator is sick or injured), it 

may be posted for hold-down bidding by extra board operators. The open 

regular run is then worked by the successful extra board operator until 

the regular operator returns to work. 



Open biddable trippers starting in the a.rn. are counted as assignments to 

fillea for manpower planning purposes. It is assumed that open biddable 

trippers starting in the p.m. may be paired with open tripper-s starting In 

the a.m., open regular runs that end in the midday hours, or other regular 

runs worked by regular and extra board operators. When combined with a 

regular run, the total work time for the combined assignment must not 

exceed eleven hours, forty minutes and the total driving time for the 

combined assignment must not exceed ten hours. 

Non-biddable trippers are typically between approximately two hours and 

five hours in length. They may be worked Individually by part-time 

operators (provided that they are not shorter than two and one-half hours 

or longer than five hours), individually or in pairs by extra board 

operators, or in conjunction with a work run by a regular or extra board 

operator-s. Since non-biddable trippers are typically two and one-half 

hours or- longer in length, the maximum work time limitation of eleven 

hours, forty minutes restricts the working of non-biddable trippers in 

conjunction with regular work run assignments. For manpower planning 

calculations, it is assumed that the number of operators required for open 

non-Diddable trippers is equal to the largest of the a.m or p.m. number of 

on o-biadble trippr. For exasr.;lc, if 2 ricn-bdflble tripprc 

starting in the a.rn. are open and thirty non-biddable trippers starting in 

the p.m. are open, it is assumed f or manpower planning purposes that 

thirty operators are required. Of this total, 25 operators would be 

assigned to tripper combination work assignments and five would be 

assigned to p.m. trippers combined with report work. 

provide operators for work that becomes 

open after 11:00 a.m. on the preceding day. Start times for report 

assignments are specified so that one or more operators will be available 

at times when work runs are scheduled to start throughout the day. Each 

of the District's operating divisions has determined its report operator 

requirements oased on its past operating experience and related factors. 

Data for one of the District's operating divisions illustrates a typicai 

oreakdon of extra board operator requirements. 

Open regular assignments 38 

Open non-oiddable trppers 20 

Open a.rn. biaoaole tripper-s 14 

Reports 
Total xtra Board Operator Work ssignments 104 

In this example, extra board operator requirements are roughly split on a 

equai oasis among requirements for open regular assignments, open biddable 

and non-biodable trippers, and report assignments. 

Stuay analysis results indicate that the estimation of extra board 

operator requirements used for the calculation of the daily manpower 

conaition does not accurately reflect actual manpower requirements. More 

specifically, the projected requirements exceed actual requirements by a 

significant amount which will be examined in the following sections of 

this chapter. in examining the determination of operator requirements, It 

should be Kept in mind that there may not be 'one' answer to the question 
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of establishing operator requirements but rather separate answers for 

questions such as: 

. 

a What are the minimum operator requirements at which a division 

can operate without resulting in unacceptable levels of service 

reliability? or 

a What is the least cost operator requirements at which a 

division's operating costs are minimized? 

Figure 4-1 illustrates the range of weekly manpower conditions for the 

District's operating divisions for the 26 weeks being studied In the Phase 

III work program. For nearly all weeks, the system was operating with 

'negative' manpower condition levels ranging as high as (-2,100) per week. 

A negative manpower condition level of (-2,100) corresponds roughly to a 

systernwide requirement for 420 operators. 

In order to operate with a negative manpower condition level, at least 

fo' ctris rray be inuLed by dJvii.n rangennt an .pe'viscry 

personnel 

a Operators may be called to work on their days off, referred to as 

VCB for 'voluntary call back1 
or OCB for 'off, called backs for 

operators who have not volunteered for work on their day off. 

Over the 26 week time period, the number of VCB/OCBS per week 

ranged from 332 to 875. 

o Service may be cancelled when there are an insufficient number of 

bus operators available to operate scheduled services. For the 

26 week time period, the number of weekly late and cancelled bus 

pullouts ranged from 26 to 130 per week. At the maximum number, 

this rpresen:3 cr1y a rcti[l o am' percent of the total 

weekly pullouts for the District. 

a Open biddable and non-biddable trippers may be combined together 

and with regular run assignments to the maximum possible extent, 

reducing the requirement for extra board operators to work open 

biddable and non-biadable trippers. 

o The number of report assignments may be reduced, increasing the 

risk that it may be necessary to cancel service on the following 

day due to operators not being available. 
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From FIgure 4-1, It may be concluded that the District employs a variety 

of actions in order to satisfy operator requirements with a projected 

manpower shortage. If the projected shortage were fully covered by 

VCB/OCB operators, the number of VCB/OCB operators used would correspond 

with the magnitude of the negative manpower condition on a one-to-one 

basis. In other words, 100 VCB/OCB operators would be employed for a week 

with a negative manpower manpower condition of (-100). The upper line 

(labeled Au) in Figure 4-i. corresponds to a one-to-one relationship 

between the number of VCBs/OCBs and negative manpower condition. Note 

that all of the plotted data points fall significantly below this line, 

meaning that projected operator shortages are being accommodated In part 

without the need for providing the projected number of operators. The 

second line (labeled B') in Figure 4-1 has been drawn parallel to the 

upper line with an approximate one-to-one slope. It is intenued as a 

rough nest fit through the data points plotted with a one-to-one slope. 

From this this line in Figure 4-1, the following may be concluded. 

o Operator shortages totaling between 500 and 1,200 per week 

systemnwide can be absorbed without the need for utilizing 

operators working on their day off. This corresponds to a 

qt.i-rrr.t fr tetwen O0 ard 240 bus opeatrs sytmn'iic 
(assuming approximately 3550 assignments, this corresponds to 

between 0.03 and 0.07 in the operator/assignment ratio). 

o At smaller negative manpower condition levels, the clustering of 

data points above the line appears to suggest that there is an 

increased tendency to utilize VCB/OCB operators to make up for 

small operator shortages. These data points also correspond to 

weeks with national holidays where regular weekday schedules were 

operated for only four days and to six out of the eight weeks in 

which the District's summer schedules were in effect. 

o At the higher negative manpower condition levels, there appears 

to be clustering of points hlow the 1in poible suggesting 
that the availability of VCBs/OCBs has been exhausted and that 

other means for meeting minimum operator requirements must be 

invoked. 

Figure 4-2 shows the weekly number of VCBs/OCBs plotted against the weekly 

negative manpower condition levels for the District's division 1. An 

approximate best fit line with a one-to-one slope is drawn in Figure 4-2. 

For the 26 week time period, the division operated with daily operator 

shortages totaling approximately 80 operator days per week before 

VCBs/OCBs were employed. This estimate is based on the best fit line's 

intercept with the negative manpower condition as is shown in Figure 4-2. 

Figures 4-3 through 4-5 are similar plots of the daily manpower condition 

and of the number of VCBs/OCBs for division 1. These plots are for three 

separate eight week periods, specifically: 

1. Week ending April 20 through week ending June 8, 1985 (weeks 4 

through 11 of the 26-week study time period); 
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2. Week ending July 13 through week ending August 31, 1985 weeks 16 

through 23 of the 26-week study time period), and 

3. Week ending January 11 through week ending March 1, 1986. 

Examination of the data for the three time periods suggests the following 

conclusions for division 1: 

o For weekdays, a manpower shortage averaging approximately fifteen 

operators was absorbed without using VCB/OCBS for the two eight- 

week time periods in 1985. For weekdays in 1986, a manpower 

shortage averaging approximately thirty operators was absorbed 

without using VCBs/OCBs--this is double the nurner observed for 

the 1985 time periods. 

o For Saturdays and Sundays, a manpower shortage averaging 

approximately five operators was absorbed without using VCBs/OCBs 

for all the eight-week time perioos. This difference for 

Saturdays and Sundays is probably due to the small number of 

trippers operated on these days, since the more efficient manning 

ui trppers is an ef.'ecLve means of reducir.y ctual jieratr 
requ i rerrients. 

Figure 4-6 shows the weekly number of VCBs/OCBs plotted against the 

manpower condition for the District's division 9. An approximate best fit 

line with a one-to-one slope is drawn in Figure 4-6 as was also drawn 

through the division 1 and systemwide data. For the 26-week period, the 

civsion operated at negative manpower condition levels similar to those 

recorded for division 1. On the average, the division absorbed daily 

operator requirements totaling approximately 80 operator-days per week 

without using VCBs/OCBs to meet projected operator requirements. As was 

note for the systemwide data, but not for division 1, there is a 

clustering of data points above the line at lower negative manpower 

conuitio,i levls, as well as sor:. ps.ile clustering elo' t: 'i 

higher negative manpower condition levels, 

In Figures 4-7 through 4-9, the daily manpower condition and the number of 

VCBs/OCBs are plottea for the three eight-week time periods described 

earlier. Examination of this data for the three time periods indicates 

the following conclusion. 

o The data points appear to be more scattered and, except perhaps 

for the first time period, not as well fitted to the hypothesized 

one-to-one relationship between the number of VCBs/OCBs and the 

negative manpower condition at any levels of negative manpower 

condition. 

o Data points for Saturdays and Sundays lie above the one-to-one 

lines. On the average, manpower shortages of five or fewer 

operators per day were absorbed without using VCBs/OCBs for 

Saturdays and Sundays in each of the three time periods. For the 

. summer, 1965 and 1986 time periods, it is noted that both the 

number of VCBs/OCBs and the negative manpower condition were 

consistently highest on Saturdays and Sundays. 
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o For weekdays, a manpower shortage averaging roughly between ten 

and fifteen operators was absorbed without using VCBs/OCBs for 

each of the time periods. However, for negative manpower 

conditions exceeding approximately 20 to 25, It appears that the 

use of VCBs/OCBs was limited to a maximum of between ten and 

fifteen per day. This maximum number corresponds very roughly to 

one-half of the number of extra board operators scheduled off for 

each day of the week in the time periods. Whether or not 

explained by the distribution of extra board operator days off, 

the apparent limitation of VCBs/OCBs on weekdays to a maximum of 

between ten and fifteen operators is very noticeable in Figures 

4-7 through 4-9, and also when Figures 4-3 through 4-5 are 

reviewed again. 

The study team carried out interviews at both dIvisions 1 and 9 to 

investigate dispatching procedures under operator shortage conditions. At 

division 9, the markup for the following day was reviewed with the markup 

dispatcher. The projected manpower condition at the start of the markup 

was (-40). In order to operate the next day's scheduled service with this 

negative manpower condition level, the following steps were taken in 

markir; 'ip woK snment' for 1-e 'ext y. 

o One regular operator volunteering for days off work was called 

for work as a VCB. 

o Out of nine extra board operators taking their day off, six were 

called for work as OCBs. Two of the remaining three operators 

were assigned to extra supervisory assignments and therefore not 

avalwle for OCB work. The third extra board operator not 

called for OCB work was sick. 

o Seven open a.m. biddable trippers were withheld from the markup 

to be assigned on the following day to regular operators who had 

req'ested the acdition work. The withholdi'g of these open 

biddable trippers from the markup was not in accordance with 

written UTU contract provisions. 

o Eight open regular runs were withheld from the markup in order to 

be assigned on the following day to regular operators willing to 

work on their day off as an OCB if assigned a particular work 

assignment. The withholding of these runs from the mark-up, and 

their assignment to OCB operators based on the request of the 

operators was not in accordance with written UTU contract 

prov 151 ens. 

o Manpower requirements for division 9 are based on using 23 report 

operators. For the day being analyzed, this was reduced to three 

a.m. report assignments and two p.m. report assignments. In 

addtion, roughly ten to fifteen open biddable and non-biddable 

trippers starting in the p.m. were not marked up (which Is 

permitted by UTU contract provisions). Assuming that the number 

of open trippers in the a.m. and p.m. were roughly balanced after 

the assignment of the open a.m. biddable trippers to regular 

operators, this means that ten to fifteen extra board operators 
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were marked up with a.m. tripper piece of work plus a second 

report piece of work. These operators could then be used for 

open work assignments other than for the ten to fifteen open p.m. 

trippers. The open p.m. trippers might be worked at overtime by 
regular or extra board operators completing their regular work 

ass ignmen t s or cance l I ed no operators ere av, Qia le 

At division 1, a "eregative manpower conditions ranged f orn 1 
-biddable trippers. By combining the open a.m. biddable trippers with 

thNassurned that between 26 anunderstanding of dispatching procedures under 

operator shortage conditions. For Monday through Friday, a total of only 

eighteen VCB/OCB operators were employed despite the high negative 

manpower condition levels. Service cancellations for the week were within 

the normal range experienced by the division, so that excessive 

cancellations did not result from the combination of high negative 

manpower condition levels and limited use of VCBs/OCBs. The division's 

management interviewed by the study team attributed the division's ability 

to work at these levels to the efficient handling of open tripper work. 

It was further explained that selected work was being withheld from the 

markup to be worked on overtime by regular operators. While it was not 

Doss'b1 t revie' the caily markup and dispatching records for the week 

under examination, study team analysis and discussions witn the division's 

management suggest that following considerations contributed to the 

division's effective dispatching of work assignments at the high negative 

manpower condition levels. 

o Open biddable trippers were not out of balance by between twelve 

and fourteen In the a.m. Open non-biddable trippers were out of 

balance by approximately fourteen in the p.m. For manpower 

planning purposes, it would be assumed that between 26 and 28 

operators were required for these open biddable and non-biddable 

trippers. By combining the open a.m. biddable trippers with the 

open p.m. non-biddable trippers into daily work assignments, 

wtual manpower requirements could be reduced by twelve to 

fourteen operators. Alternatively, by withholding any of the 

open a.m. biddable trippers or p.m. non-biddable trippers from 

the markup (permitted only for the p.m. trippers by written UTU 

contract provisions as already noted) and then assigning them to 

regular or extra board operators as additional work, actual 

manpower requirements could be reduced further by up to a maximum 

of 26-28 operators per day. 

o Division 1 manpower requirements for the week were based on 32 

report assignments for each weekday, Monday through Friday. The 

division's management indicated that a maximum of 23 report 

assignments would be adequate to protect against unanticipated 

missouts and operator absences. By marking up only 23 report 

assignments, actual manpower requirements could be reduced by 

nine operators per day in comparison to projected requirements. 
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4.2 BUS OPERATIONS WITH NEGATIVE MANPOWER CONDITION LEVELS 

A three-step model to describe the methods and procedures used by 

District's operating divisions at negative manpower condition levels has 

oeen developed based on the study team's findings and conclusions. The 

three-step model is summarized in Table 4-1. It incorporates seven 

separate methods that dispatching personnel may utilize when the actual 

number of operators available falls below the projected operator 

requirements for the following day. Specifically, the methods included in 

the model are as follows: 

o Using operators for VCB/OCB work on theIr days off; 

o Reducing the number of report assignments; 

o Combining open biddable and non-biddable trippers to mInimize 

operator requirements; 

o Service cancellations; 

o Withh'ld.lg open ..m. b1diab tr!ppe f:orr thc markup so that 

<I 
this work can be assigned to regular run operators; 

o Withholding open regular runs from the markup so that these runs 

can be assigned to operators as OCB work; and 

o Using operators after missing out. 

These methods address the operator shortage condition by increasing the 

numoer of operators available, by maximizing the work for available 

operators, or b lowering actual operator requirements. Each of these 

mnethoas is discussed in the following sections. 

4.2.1 U pf VC/OCB Opretcr 

The District is permitted to use operators for work on their day off when 

aoaitional operators are required to ensure that operating schedules are 

mainta:ned. As aireacy discussed, operators may volunteer for days off 

work (referred to as VCB work) or be required by the District to work on 

their oa'1's off (referred to as OCB work). In step I of the model, only a 

limnitea number of VCB/OCB operators should be required to maintain 

acequate operator staffing levels. At the smaller negative manpower 

conoition levels characterizing step I operations, it should be possible 

to make up for the projected operator shortages without employing more 

than a few VCBs/OCBs per day. In step II of the model, the number of 

extra board operators are general ly working at least one day off per week 

anc regular operators requesting VCB work are being used to the maximum 

extent possible. As the operator shortage increases to step III 

conoitions, the number of VCB/OCB operators will be Increased until extra 

board operators are working on both their days off per week and regular 

operators are being used as much as possible for VCB/OCB work. 
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The use of operators for VCB/OCB work may result In significant operating 

cost reauctions for the District. Additional unscheu)ed overtime pay 

costs will be incurreo from the VCB/OCB work. On the other hand, operator 

fringe benefit and unscheduled guarantee or report time pay costs will be 

reducea for the District. However, there are limits to the amount of 

VCB/OCB work that is possible anc, if increased VCB/OCB work results in 

significantly higher operator sick leave and related costs, to the amount 

of VCB/OCB work that serves to minimize District operating costs. 

The District's agreement with the UTU specifies how extra board and 

regular operators may be used for work on their days off. Certain 

provisions serve to limit the amount of VCB/OCB work that may be 

scheduled, and also result in most VCB/OCB work being assigned to extra 

oara operators. When additional operators are needed, operators must be 

called for work in the following order: 

1. Extra board operators volunteering for work on one or both of 

their bid days: off. 

2. Regular operators volunteering for work on one or both of their 

tid ba:' off, sutject to rest ar.rl qualificaticn. 

3. Extra board operators a volunteering for days off work. 

4. Regular operators volunteering for days off work. 

Since the number of regular operators volunteering for days off work is 

often limited and regular operators are restricted by rest and 

qualifications requirements for VCB/OCB work, the order of calling results 

J in extra board operators being used for VCB/OCB work up to working both of 

'\ 
their days off in a week. In the short run, working both days off in a 

) 
week may be acceptable but this amount of VCB/OCB work could not be 

/ 

maintained for extended time periods. At division 9 which was 

lge operator sho'taç1e5 ri April, It Wa? noted that large 

nurners of OCB operators were calling in sick and missing out, 

\.. particularly for OCB work on Saturdays and Sundays. 

The use of regular operators for VCB/OCB work is restricted by rest and 

qualifications requirements. When called for VCB/OCB work, extra board 

operators are assigned work according to their position on the extra 

board. Regular operators called for VCB/OCB work are assigned work 

according to the oottom positions on the extra board, typically meaning 

work assignments starting in the afternoon or later. For many regular 

operators, this can result in there not being enough rest time between the 

enc of the OCB assignment and the start of the regular work assignment on 

the following day. Additionally, an operator working a VCB/OCB assignment 

must e qualified for the line or lines operated. Extra board operators 

must be qualified for all lines operated from a division but regular 

operators are only required to be qualified for their regular work 

assignment. 

S Operators can be effectively employed for VCB/OCB work under negative 

manpower concitions. Study team investigations are not conclusive 

concerning the maximum numoer of VCBs/OCs that should be employed. 



However, it is suggested that limiting days off work for extra board 
operators to one cay per week may represent a significant point in the use 
of VCBs/OCBs at a division. Above this level, additional VCBs/OCBs may be 
employed but this is at least partly accomplished by withholding selected 
work assignments from the markup as OCB work for regular operators. In 
the proposed model of division operations under negative manpower 
conditions. the transition from step II to step III operations has been 
defined to be roughly at the point where days off work for extra board 
operators is limited to one day per week. Allowing for extra board 
operators not being available due to sickness and other reasons and for 
variations In the assignment of days off for extra board operators, it 
appears that this point corresponds to roughly between 700 and 900 
VCBs/OCBs per week for the system. 

Report assignments are scheduled daily to provide protection against 
operators not being availaDle for their work assignments after the time 
when open assignments are recorded for the next day's markup. The nurrioer 

of report assignments is based on the past operating experience of each 
diviior, ht.t ba" nfl t'idy ern invetic'aticrs, appears to set at the 
near worst case level for manpower planning purposes. Therefore, it is 
possible for a division to mark up a lower number of report assignments in 
anticipation that worst case conditions will not occur. In step I of the 
proposed model, it is assumed that report assignments may be reduced by a 

small number that could vary from day-to--day. When step II is reached, 
the number of report assignments will be reduced from the worst case to be 
roughly the same as the average number of operator missouts and 
unanticipated absences. t step III, only a few report assignments will 
be possible and service cancellations should be expected to increase 
unless the nurner of operator missouts and unanticipated absences is 
unusually low. 

Repnrt orator !-equirements represent a significant portion of the daily 
manpower requirements, and the largest pardon of the daily requirements 
which can only be estimated from past experience or as a best guess. 
Manpower requirements for selectee extra work assignments cannot be 
projected with certainty as well, but these requirements are typically 
small 

For weecays in the eight-week time period from week 4 through week 11, 
the DistrictS's projected report operator requirements averaged 
approximately 290 per cay. This represents approximately 9.5 percent of 
the total number of scheduled work assignments, including tripper 
comoinations dispatched by the District on weekdays. When the ratio of 
daily report assignments to daily work assignments was calculated for each 
of the Districts operating divisions it was ranging from a low of 0.073 
to a high of 0.146. The ratio may be expressed n percentages as ranging 
from 7.3 percent to 14.6 percent for comparison with the systemwide 
average of 9.5 percent reported above. For Saturdays and Sundays, the 
ratios of report assignments to daily work assignments were significantly 
hiher and varied within a wider range from division to civision as 
summarized in the following table. 
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Monday through 

Sunday Friday Saturday 

Low 0.106 0.073 0.091 

Median 0.178 0.097 0.168 

High 0.324 0.146 0.355 

S 

Note that approximately one-third of the day's work assignments are being 

protected by report operators for the divisions having the highest ratio 

of report assignments for Saturdays and Sundays. 

It is expected that ratio of report assignments would be higher for 

Saturdays and Sundays due to the reduced service levels being operated on 

these days. Further analysis also indicates that the District's smallest 

dIvisions (6 and 16) have ratios which are higher than the median ratios 

for weekdays, Saturdays, arid Sundays and that the District's largest 

divisions (5,7, and 9) have ratios which are consistently lower than the 

median ratios. For the smallest and largest divisions, these results are 

as would be expected. Figure 4-10 shows the relationship between the 

ratio of daily report assignments and the number of daily work assignments 

tc:r; isp&tched. The ratio cf report a3rignrnrnts increases stepy as 
the number of daily work assignments being protected is reduced. Note 

that several points are plotted outside of the shaded area In Figure 4-10. 

The points falling below the shaded area are for divisions 12, 16, 18 

(Suncays only), 6 (weekdays only), 8 (weekdays only), and 15 (weekdays 

only). Above the shaded area, the points correspond to divisions 1 

(weekcays only), 2 (weekdays and Saturday only), 3 (Saturday only), and 15 

(Saturday only). Further Investigation of the possible reasons for these 

outlying points should be undertaken by the District in the future. 

4.2.2.1 DivIsion 1 Report Operator Requirements 

The number of report assignments used for manpower planning purposes at 

the Dintrict's operating division 1 was nalyed for three eight-week 

periods (weeks 4 through 11 and weeks 16 through 23 of the 26-week study 

time period, and from the week ending January 11, 1986 through the week 

endina March 1, 1986). Over-looking small daily variations, the number of 

report assignments used for manpower planning were as follows. 

Monday through 

Sunday FrIday Saturday 

Weeks 4-11 17 27 19 

Weeks 16-18 18 26 18 

Weeks 19-23 10 20 10 

January-March, 1986 18 32 19 
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From this table, it is noted that the number of report assignments was . significantly reduced in the summer weeks 19 through 23, but then 

increased again for January-March, 1986. The higher number in January- 

March. 1986 may be explained by Increased service levels introduced 

following the closing of the District's division 2 In September, 1985. To 

eliminate differences due to service level changes, the ratio of report 

assignments to daily work assignments was computed for the three eight- 

week time periocs. 

Monday through 
Sunday Friday Saturday 

Weeks 4-11 0.142 0.134 0.124 

Weeks 16-18 0.145 0.135 0.120 

Weeks 19-23 
( 

0.081 0.104 0.067 

January-March, 1966 
a 0.186 0.125 0.136 

Note: (a)Computed for week ending February 1 through week ending March 1, 

1986 only due to schedule changes. 

In he prec'ding sectirn, it a' ioted tiat th' ratio f reFcrt 

assignments for division 1 weekdays was higher than the range plotted for 

all divisions. The table shows that division 1 maintained the same ratio 

for weeks 4-11 and weeks 16-18, and nearly the same ratio In January- 

March, 1986. For weeks 19-23, the ratio of report assignments was reduced 

to 0.104 which falls inside the shaded area in FIgure 4-10. Division 

management indicated to the study team in April, 1986 that the division's 

weekday schedules could be adequately protected by approximately 23 report 

assignments. For approximately 257 weekday work assignments operated at 

division 2., this represents a ratio of 0.089 report assignments per work 

assignment for the weekday schedules. This ratio is approximately the 

same as employed for weeks 19 through 23 and, if plotted in Figure 4-10, 

would fall into the range observed for all divisions In this size 

c egry. 

Report operator requirements should be based on operator attendance 

characteristics, specifically related to operator missouts and other 

unanticipated absences which are not known at markup time. In order to 

investigate the relationship between unanticipated operator absences and 

report operator requirements, the study team analyzed Daily Event Sheet 

reports for selected weeks. Table 4-2 summarizes the results of this data 

analysis. For the weeks analyzed, the nurnoer of report assignments used 

for estimating weekaay manpower requirements was 32. As already noted, 

the division's management indicated that only 23 report assignments would 

adequately protect against missouts and other unanticipated absences. By 

comparing the numder of report assignments to the data shown in Table 4-2, 

it may be concluded with caution that report operator requirements appears 

to roughly correspond with the maximum number of daily missouts and 

unanticipatea operator absences. The data in Table 4-2 also shows that 

report operator requirements may vary by day of the week, Monday through 

Friaay, as well as for Saturdays and Sundays. 
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4.2.2.2 Division 9 Report Operator Requirements 

n analysis of the number of report assignments was conducted for the 

District's division 9. At this division, the number of report assignments 
used for estimating daily manpower requirements were as follows for the 
weeks analyzed by the study team. 

Monday through 
Sunday Friday Saturday 

Weeks 4-11 21 26 20 
Weeks 16-18 21 27 20 
January-March, 1986 a 16 23 15 

Note: Cornputed for week ending February 1 through week ending March 1, 

1986 only due to schedule changes. 

Service levels varied at division 9 from time period to time period, 
particularly with reduced service levels for the surrirner weeks (weeks 16 

tiiruçh 3). Tc adJust fr 1 :reics ue to serv:;e level :'angez, the 
ratio of report assignments to daily work assignments was calculated for 
each of the time periods as follow: 

Sunday 

Weeks 4-11 0.165 
Weeks 16-23 

( 
0.188 

January-March, 1986 a 0.160 

Monday through 
Friday Saturday 

0.076 0.130 
0.084 0.139 
0.066 0.105 

Note: Calculated for schedules in effect from week ending February 1 

through week ending March 1, 1986 only. 

The results are generally consistent for the three time periods. The 

ratIo of report assignments increases in the summer weeks since the number 
of report assignments was increased by one for weekdays and unchanged for 
Saturaays an Sundays while service levels were reduced. For January- 
March, 1986, the ratio of report assignments was lowered, particularly for 
the division's Saturday operations. In Table 4-3 the number of missouts 
and other unanticipated operator absences for selected weeks in the 
January-March, 1986 time period is summarized by day of the week. As for 
division 1, it may be concluded that the number of report assignments used 
for manpower planning purposes generally corresponds with the maximum 

nurnoer of missouts and unanticipated operator absences. 
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TABLE 4-2 

UNANTICIPATED OPERATOR ABSENCES 
BY DAY OF WEEK FOR OPERATING DIVISION I 

Average HIQh 

Sunday 13 5 18 

Noncay 13 10 18 

Tuesday 13 6 19 

Wednesday 10 4 16 

Thursday 10 5 16 

Friday 9 5 13 

Saturday 15 9 19 

TABLE 4-3 

UNANTICIPATED OPERATOR RESOURCES 

BY DAY OF WEEK FOR OPERATING DIVISION 9 

Average Hih 

Sunoay 17 10 25 

Monday 18 11 22 

Tuesday 14 10 22 

Wneday 15 8 20 

Thursday 12 9 15 

Friaay 16 13 20 

Saturday 13 9 16 

Tne methodology for estimating operator requirements for trippers is based 

on two important assumptions concerning the operation of trippers at the 

District. First, it is assumed that open biadable and non-biQdabie 

trippers are not paired to create work assignments for extra board 

operators. When estimating daily operator requirements, the highest of 

the a.ni. or p.m. number of open non-biddable trippers is used for 

determining operator requirements. Where there is a surplus of open pm. 

non-bidab1e trippers and also of open a.rn. biddable trippers, it is 

assumed that the surplus number of open trippers will be worked as 

tripper/report or report/tripper assignments. The following example 

illustrates the effect of this assumption. 
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p.m. 

Non-biddable trippers 40 45 

Part-time assigned 31 22 

Open biddable trippers 14 1 

Extra service 4 2 

Extra board balance 27 26 

For this example, operator requirements would be estimated as (45-22) plus 

(14+4) equals 41 operators, From the above calculations of extra board 

balance, the open biddable and non-biddable trippers plus extra service 

could be operated with only 27 operators. 

Second, it is assumed that open biddable and non-biddable trippers will be 

worked as part of tripper/reports or paired tripper combinations rather 

than marked up or assigned with regular run assignments. While the latter 

approach is often taken when there is a manpower shortage condition, 

operator requirements are based on the assumption that additional manpower 

is necessary for operating all open biddable and non-biddacle trippers. 

T)e'Dending cn the urnner a other chararteristirs of 'pen biddable and 

non-Diddable trippers at a division, actual manpower requirements can be 

significantly reaucea by combining open trippers more efficiently than is 

assumed for estimating the next day's operator requirements. In step I of 

the proposed mnoael summarized in Table 4-1, the pairing of open biddable 

trippers with open non-biddable trippers as Illustrated in the example 

may be done to reauce actual operator requirements. 1s operator shortages 

in the ranges hypothesized for steps II and III are encountered, the 

pairing of open biadable and non-biddable trippers with regular runs will 

oe usec to reduce actuai operator requirements. 

S 

The District is able to assign part-time operators to one piece trippers 

where work hours are between 2.5 and five hours. To generate maximum cost 

savings with the allowable level of part-time operators, the District 

analyzes non-biddable tripper combinations to generate a rank ordered l4st 

of tripper combinations for part-time operators. The pay hours of each 

tripper combination is compared based on its being worked by a full-time 

operator with guarantee anc spread premium pay provisions and being worec 
by part-time operators. The prioritized listing is provided to assist the 

Transportation Department in determining which non-biodable trippers are 

assigned for part-time operators. 

Based on the cost analysis, part-time operators are assigned to a balanced 

(or nearly so) number of a.m. and p.m. trippers at each operating 

division. Consider the following example for a District operating 

division. 
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Non-biddable trippers 46 55 

Part-time assigned 28 28 

Open biddable trippers 2 1 

Extra service 5 5 

Extra board balance 25 33 

From this example, note that part-time tripper assignments have been 

exactly balanced, but that the extra board is not balanced between a.m. 

and p.m. peak periods. This means that eight full-time operators will 

work p.m. trippers only resulting in guarantee time being paid for the 

remainder of the working day for each of these operators. If the number 

of non-biddable and open biddable trippers were evenly balanced, all full- 

time operators would be assigned a tripper combination and the assignment 

of work for part-time operators would not be balanced between the a.m. and 

p.m. An alternative approach for this example operating division would be 

as follows. 

Non-biddable trippers 46 55 

Part-time assigned 24 - 32 

Open biddable trippers 2 1 

Extra service 5 5 

Extra board balance 29 29 

( Using this approach, four fewer operators are required. Furthermore, the 

) number of pay hours will be significantly lower. In the Phase II final 

report, it was estimated that actual operator requirements might be 

reduced by approximately 46 operators (based on October, 1984 operations 

\ data) by improving the utilization of part-time operators in this manner. 

1?o related to the aigrir,ent of non-blddble tripper to part-time 

operators, it is speculated that actual operator requirements might oe 

reduced by making the part-time assignments so that the remaining open 

non-oiddable trippers were of the optimal size and balance between a.m. 

and p.m. for combining with regular runs. Unaer severe operator shortage 

conditions, actual operator requirements may be minimized If it is assumed 

that all open biddable trippers will be combined with regular runs and 

that a small surplus of short p.m. non-biddable trippers can also be 

combined in this manner. In this case, it may be better not to implement 

part-time assignments so that a.m. and p.m. extra board work is balanced. 

Consider the example presentec above resulting In an unbalanced extra 

board (25 in the a.m., 33 in the p.m.). If it is assumed that the eight 

surplus p.m. non-biddable trippers could be withheld from the markup for 

assignment to regular or extra board operators after completing their days 

work assignment, actual operator requirements are reduced to 25 from the 

29 required for the balanced extra board. 
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4.2.4 Service Cancellations 

The District"s operating divisions will cancel service only when all means 

of operating the service have been exhausted. Based on the study team 

discussions with division managers, service cancellations are made first 

for the following types of service where possible: 

o Additional service operated under pink letters; 

o Service on heavily serviced lines; 

o Trippets rather than regular runs; 

o Short trippers rather than long trippers; and 

o Service operated in the p.m. 

Also where possible, contracted service and last trip bus runs will not be 

cancel led. If it were necessary to cancel one percent of the scheduled 

work assignments on an average weekday, this would represent an operator 

shortage of approximately thirty operators systemwide which could not be 

filled b the various means described in this chapter. 

The UTU agreement allows for open trippers signing on after 12:00 noon to 

be withheld from the markup. When not marked up, the trippers are left 

open to work y available report operators or by regular or extra board 

operators after completing their daily work assignments for the following 

day. When assigned to a regular or extra board operator after completing 

his or her daily work assignment, the combined day's work must not exceed S 11 hours, 40 minutes of work time or ten hours of driving time. It is 

unlikely that minor variations of either restriction would be easily 

identified since the operator is volunteering for the additional work and 

the dispatcher making the assignment needs to fill the open piece of work. 

( Written provisions of the UTU agreement do not permit open biddable and 

n-ddbe t-ipp'rs start iig in the am. to be wthhe1d rrrn the mrkp. 

\ 

For high negative manpower condition levels and perhaps from time-to-time 
\; 

) 
at mocest negative manpower condition levels, open biddable trippers 

signing on in the a.m. may be withheld from the markup for assignment on 

the following day to a regular operator as acaitional work. Since many 

regular operators do not work biddable trippers in addition to their 

regular work runs, selling open trippers in this manner can be an 

effective approach to lowering the next day's need for VCB/OCB operators. 

Bidoabie trippers cannot be bid by an operator for selected days only, but 

must e workec by the operator on all days that the biddable trippers are 

scheduled and that the operator works. Operators aesiring to work a 

biadacie tripper for selected days only or on an infrequent basis can be 

employed to fill open biddable trippers. As described above for open p.m. 

trippers, there should be no violation of the maximum work time or criving 

time restrictions. 

r 
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4.2.6 Withholding Regular Runs from Markup 

Under severe operator shortage conditions and possibly from time-to-time 

when only modest negative manpower conditions exist, open regular runs may 

be withheld from the markup for assignment on the following day to a 

regular operator as OCB work. Operators may be willing to work on their 

days off as an OCB if assigned a particular work assignment. In some 

instances, rest time requirements or operator qualifications may limit the 

work which can be assigned to art operator as an OCB. By withholding 

selected work assignments for these operators, daily manpower requirements 

can be reduced. This approach to assigning OCB work is not in accordance 

with written provisions of the UTU agreement but is done with the UTU's 

concurrence. 

4.2.7 Using Operators After Missing Out 

Operators missing out may be used for work with eight hours pay time 

guaranteed within a spread of eleven hours. From time-to-time, operators 

may be used after missing out if there is available work to be filled for 

the day. Discussions with division management personnel by the study team 

t. iLtJ :hat oe tc. misi. out er ofter un\;ii.. tc work 't 

missing out or would do so only if the missout were not recorded. For 

eight weeks in January-March, 1986, approximately twenty percent of the 

operators missing out at both divisions 1 and 9 were subsequently use. for 

assignments after missing out. On the average, this was one operator per 

day with selected days being as high as three to four operators used after 

S missing out. During this time period, the divisions were working with 

negative manpower conditions averaging towards the higher end of the step 

II range. 

4.3 ESTIMATING OPERATOR REQUIREMENTS AT A DIVISION 

4.3.1 Estimating Assignments 

There are two categories of assignments at an operating division -- 
biddable work and nonbiddable work. Biddable work consists of assignments 
that are bid on by drivers itt each shakeup and form regular assignments 

for those drivers. Nonbiddable work consists of those assignments that, 

under current union and District rules are not placed on the bid list at a 

shakeup and are reserved for assignment to the extraboard. Itt turn, 

drivers can bid for regular assignments (by seniority) or can bid to be on 

the extraboard. Therefore, each division consists of a group of drivers 

with regular work assignments that do not change from day-to-day, except 

for weekend work; and a group of drivers assigned to the extraboard who 

undertake whatever driving is required from the extraboard. As discussed 

in the following paragraphs, the amount of work on the extraboard varies 

from day-to-day for a number of reasons. 

Operations at a division consist of several different types of work: 

o Regular runs (biddable) 

So Short a.m. trippers (biddable) 

o Long a.m. trippers (nonbiddable) 

a Short p.m. trippers (biddable) 



o Long p.m. trippers (nonbiddable) 
o Extra work (unscheduled -- nonbiddable) 

Under the current union contract, regular runs and short trippers can be 

combined to form regular assignments that can be bid for by operators at 

each system shakeup. In addition, operators can bid to be on the 

extraboard. An attempt is made in scheduling to produce sufficient short 

trippers to match a substantial proportion of the regular runs, and an 

attempt is also made to balance open biddable and nonbiddable a.m. 

trippers and open biddable and nonbiddable p.m. trippers. Open biddable 

trippers are those short a.m. and p.m. trippers that could not be assigned 

with a regular run to form a biddable assignment. 

4.3.2 Estimating Operator Requirements 

To begin to estimate the operator requirements, it is also necessary to 

understand the meaning of the number that is reported for regular runs in 

the weekly division reports. On weekdays, the number represents the 5-day 

equivalent of the number of regular runs for seven days. For example, if 

a division shows 212 regular runs on a weekday, this number was determined 

by uni11ing the number f guar uis over a sevn-aj no dividing 

the result by 5. The difference between the weekday and each of Saturday 

and Sunday regular runs shows the true difference in regular runs between 

these days, but the numbers reported for Saturday and Sunday are otherwise 

meaningless. To see how these values are arrived at, suppose that a 

division has 160 actual regular runs on a weekday, 150 on Saturday, and 

110 on a Sunday. The total runs for a seven-day week are 1060. Dividing 

this by 5 yields 212, which would be shown as the weekday regular runs. 

The Saturday runs would then be shown as 202, and the Sunday runs as 162. 

The reason for using these values for regular runs is that the weekday 

value represents the appropriate value for determining operator needs at a 

division, when these are determined from an operator/assignment ratio. 

Thus, applying an operator/assignment ratio of 1.30 to the 212 regular 

rus woulci produce an ecimae cf 76 operators rieedeo. Yih eacri 

operator working 5 days, this would produce an estimate of 1,380 operator 

days for the 1,060 total regular runs. Given extraboard requirements, 

vacations, and unscheduled absences, this is a reasonable number, 

consistent with an operator/assignment ratio of 1.30. 

For example, in the fourth week of the study period, division 1 had 212 

regular assignments reported on each weekday, which converts to an actual 

number of regular runs of 158. The division also had, in that week, an 

average of 6.6 open biddable a.m. trippers and 2.2 open biddable p.m. 

trippers each day of the week, an average of 0 pieces of extra work in the 

morning and 1.6 in the evening, and an average of 36 a.m. and 44 p.m. 

nonbiddable trippers. The division also had 308 full-time and 42 part- 

time operators in that week. The part-time operators were split to 25 for 

a.m. trippers and 17 for p.m. trippers. With this split of part-time 

operators, there remain 11 a.m. open nonbiddable trippers and 27 p.m. open 

nonbiddable trippers. Adding these to the remaining open work (open 

biddable trippers and extra work), there is an average of 17.6 pieces of 

open a.m. work and 30.8 p.m. pieces of work. Rounding each of these 

numbers up indicates that there are 18 pieces of a.m. work and 31 pieces 

of p.m. work on the extraboard during this week. 
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If there were no absences, the number of operators could be calculated 
quite simply from these numbers, together with the appropriate numbers for 

Saturday and Sunday. Assuming all part-time operators show up each day, 
then the figures of 158 regular assignments, and 18 a.m. and 31 p.m. 

pieces of extraboard work define the weekday situation. This would 

indicate that 158 full-time operators would be required to operate the 

weekday runs, and there would be a need for 31 extraboard operators, 13 of 
whom would have only a p.m. tripper to operate. 

There is also a need to provide operators for Saturdays and Sundays. 
Consulting the same week, there are 5 fewer regular runs on Saturday than 

on a weekday, and 39 fewer on Sunday, giving values of 153 and 119 regular 

runs respectively. Part-time operators were not used on weekends at this 

time, and the extraboard assignments total 8 q.m. and 5 p.m. on Saturday, 

and 11 am, and 12 p.m. on Sunday. Using the highest of the a.m. and p.m. 

values on each day, there would be a need for 8 extraboard operators on 

Saturday and 12 on Sunday, and these would generate a total of 1,237 
operator-day requirements for the week. Given that each operator works a 

five-day week, this would require 248 full-time operators to be assigned 

to the division for that week, Of these, 35 would be assigned to the 

extrr L, ith hdvng a .Iy of eac,h weekday. T.i ,.nia ini.J .13 .uuid 

be assigned to regular runs with an average of 55 having a day off on each 

weekday, 60 on Saturday, and 94 on Sunday. 

A smaller extraboard may be appropriate, using VCBs/OCBs to complete the 

balance of assignments that exceed the staffing of the extraboard. 

Depending on the specific schedule of the extraboard work, an optimal 

allocation of the extraboard between assigned operators and VCBs/OCBs 
could be made. This would be based on the actual costs determined from 

pairing the morning and evening trippers, and considering guarantee times, 

spreads, and rates to be paid. 

There will be a scheduled absence for vacations for each operator. 

Assuming th operator's are requ fred to spread their 'cation uriiforniy 

throughout the year, and given the Division 1 average of 0.332 days per 

operator per week, the average number of days worked by an operator per 

week should be set at 4.668 instead of 5. Operators will also take 

unscheduled absences for sick leave, requests off, missouts, and other 

absences. The relationships developed in chapters 2 and 3 could be used 

to provide average estimates of the numbers of days off for unscheduled 
absence, and a range can also be set on these estimates, using the 

regression standard errors. The three relationships of interest here are 

those for missouts, sick days off, and requests off. For Division 1, no 

relationship was found for missouts, so the systemwide equation may be 

substituted for a Division 1 relationship. In addition, the equations of 

interest contain the independent variables of vacations days off per 

operator, operator/assignment ratio, and VCBs/OCBs. The vacation days off 

average for Division 1 of 0.332 per operator can be used. The 

operator/assignment ratio determined from vacation days and reQular days 

off, after adding in the part-time operators and assignments, is 1.08, and 

this can be used initially, with a subsequnt re-estimation to determine 

the impact of the allowances for unscheduled absence. Because a cost 

analysis has not been undertaken, VCBsIOCBs can be estimated from the 

equation for Division 1 that estimated VCBs/OCBs as a function of vacation 
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days off. Using these, the relationships are: 

VCBs/OCBs = 1.05*Vacation Days Off - 0.148 (s.e. = 0.103) 

Lagged Missouts = _0.133*Operator/Assignment + 0.226 (s.e. = 0.0054) 

Sick Days = 0.314*VCBs/OCB5 + 0.389 (s.e. = 0.0667) 

Requests Off = - O.320*Vacation Days Off + 0.231 (s.e. = 0.0379) 

Applying these equations, the estimates are as follows: 

VCBs/OCBs per Assignment = 0.201 

Missouts per Operator = 0.082 

Sick Days per Operator = 0.452 

Requests Off per Operator = 0.125 

T'.flAL U.HEOULED AESENCE = O.59 

Total unscheduled absences per operator per week are therefore 0.659 and 

the 95 percent confidence bounds on this estimate are +0.151. In total, 

this procedure suggests that each operator will work fTve days per week, 
less vacations, and less unscheduled absences, or 4.009 days per week in . Division 1 (= 5 - 0.332 - 0.659). To estimate the operator requirements 
allowing for scheduled and unscheduled absences, the 1237 assignments 

should be divided by 4.009, which yields an operator requirement of 309 
operators. 

Without counting absences, it was previously estimated that the 

requirement would be for 213 operators with regular assignments and 35 

extraboad operators. The estimation of aLsence does not change the 

number of operators with regular assignments, because all of the vacation 

and unscheduled absence needs to be covered on the extraboard. Therefore, 

this estimate of the total operator requirements indicates 213 operators 
with regular assignments, 96 extraboard operators, and 42 part-time 

operators working the nonbiddable trippers. Applying the confidence range 

to the unscheduled absence would indicate that the extraboard requirement 
should lie between 84 and 108. 

First, returning to the missouts that are estimated from the 
operator/assignment ratio, if all absence were covered from the 

extraboard, a re-estimate would produce a decrease in the missouts to 

0.058, reducing total absence to 0.635 and an average estimate of 94 

extraboard operators. This change is much smaller than the confidence 

range on the estimate and cart be ignored safely. Second, the equation for 

the VCBs/OCBs suggests that, under current practice, the VCBs/OCBs should 

be set at 43 per week. Assuming that this is the average number of 

VCBs/OCBs and that the variance in the estimate is accounted for by the 

VCBs/OCBs, the actual extraboard required for Division 1 in this week 

would be about 84, and the VCBs/OCBs would range between 0 and 23. Adding 

in the part-time operators and the biddable and nonbiddable tripper 

12IodI 



assignments as normally calculated, the total number of assignments 
operated by the division in the fourth week of the study period is 264.2, 

and the total number of fte operators would be 318. This produces an 

operator/assignment ratio of 1.20. The actual number of operators on 

payroll that week was 308 full-time and 42 part-time, for a total of 329 

fte operators, generating an actual operator/assignment ratio of 1.245. 

No VCBs/OCBs were called, which tends to confirm that the division was 

probably overstaffed in that week. 

In this analysis, the only additional computation required is the 

extraboard requirements generated by absences of part-time operators. For 

part-time operators, the only categories of absence are sickness and 

missouts. On average, these absence categories would add about 5 

nonbiddable trippers to the extraboard on each day, with 3 in the a.rn. and 

2 in the p.m. Because the p.m. trippers are the maximum on weekdays, this 

would add about 2 more operators to the total for the extraboard. 

Assurning that these were split equally between VCBs/OCBs and extraboard 
drivers, the picture would change very slightly to 85 extraboard 

operators, and a total staffing of 319 fte operators, and an 

operator/assignment ratio of 1.21. All other absence categories (military 

leave, suspensions, other positions, and instruction) total around .05 per 

rnrttor pr lay, wi'h 'riation tht i ui)2tly tct'e explarec1 isilv 

by a relationship to measures such as operator/assignment ratios and 

vacation days. Applying this simply as a constant adjustment, the average 

days worked by an operator per week should be adjusted to 3.959, which 

would add a further 3 extraboard operators per day. Therefore, total 

staffing should be 322 fte operators and the operator/assignment ratio 

should be 1.22. 

This same analysis could be applied to each week of operation of Division 

1 and could also be applied to other divisions. To apply it to Division 

1, it is necessary to know the actual numbers of regular assignments for 

each week, the number of biddable and nonbiddable trippers, and to make an 

assumption about the use of part-time operators. The actual number of 

catinn aye of sche'd for the 'ee is a';o ieee, or he avçe 
for the period can be used. To apply the methodology to other divisions 

requires the same input information and also separate equations for each 

division that relate the unscheduled absence categories to each of the 

independent variables. 

Before leaving this example, it is appropriate to note the insensitivity 

of the operator/assignment ratio, caused by the definition of assignments. 

Suppose, for example, that the part-time operators were split equally 

between the a.m. and p.m. periods. In that case, there would be 21 

nonbiddable trippers assigned from each of the a.m. and p.m. There would 

now be iS and 23 open nonbiddable trippers in the a.m. and p.m., 

respectively. With no change in the other open work and extra work, there 

would be 24 and 25 pieces of open work in the a.m. and p.m., respectively, 

and the number of weekly assignments would decrease from 1237 to 1207. As 

currently operated, the total daily assignments used in computing the 

operator/assignment ratio would not change, so the operator/assignment 
ratio itself would not change. However, tht above computations wduld 

indicate that the number of operators required should decrease by 8, 

reducing the extraboard from 89 to 81. The operator/assignment ratio that 
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should be applied to the Division would now be 1.19. This comes about 

with no change in the assignments and no change in the use of VCBs/DCBs. 
It should also be noted that the definition of assignments is dependent on 

the number of biddable trippers that can be added to regular runs to form 

regular assignments1 and the balance that is achieved between a.m. and 

p.m. open biddable trippers. 

Equations were also estimated for late and cancelled pullouts, and for 

report hours. For Division 1, late and cancelled pullouts are estimated 
only from vacation days off, which has been assumed not to vary and is 

unaffected by the allocation of operators. Estimating the report hours 
from the VCBs/OCBs, however, indicates that the allocation of operators 
developed in this exercise for Division 1 would generate about 410 report 

hours for the week. This is significantly lower than the number of report 

hours recorded at Division 1 in the weeks when the assignments were at the 
level used in this example. During that peribd, report hours averaged 

over 550 per week. 

4.3.3 Conclusions 

The following conclusions and recommendations can be made: 

1. The operator/assignment ratio is not necessarily an effective 
measure of productivity that should be applied as a goal for a 

division to achieve. 

2. The number of operators required to operate a division can be 
determined from the run cuts, and from information on vacation 

days off at a division and the use arid number of part-time 
operators. 

3. An optimal policy on the use of VCBs/OCBs can be determined from 
an analysis of the costs of VCBs/OCBs and extraboard operators. 

The determination of the optimal use of VCBs/OCBs can then be 

ed to .iudfy tL tim.it of th e rabo staffing dn;nud 
in 2, above. 

4. It is recommended that further analysis be undertaken to 
determine the optimal use of VCBs/OCBs versus staffing the 

extraboard with full-time operators, based on the relative costs 

and the variability in the extraboard requirements. 

5. It is recommended that new data be collected for each division in 

the District that are carefully controlled for accuracy. These 

data should be used to develop improved relationships for 

unscheduled overtime and unscheduled absence with respect to such 

measures as vacation days off, number of regular runs, and number 

of extraboard assignments. These relationships should replace 

the current ones that use VCBs/OCBs and the operator/assignment 

ratio. 

6. It is recommended that the rnethodlogy developed here be applied 

to operations at each Division of the District to estimate the 

number of operators required for each new service profile, using 



a microcomputer model to calculate the requirements for operators 

and that such calculations be undertaken each time there is to be 

a shake-up, or between-shake-up service change. This will 

provide the operator planning capability for periods of up to six 

months that was identified as being needed in Phase II of this 

study. 

. 
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5. CONCLUSIONS 

5.1 INTRODUCTION 

The conclusions are presented in two parts. First, conclusions are 

summarized from the analyses reported in each of chapters 2, 3, and 4, 

with the emphasis on conclusions from chapters 2 and 3 that relate to a 

comparison of systemwide results to individual divisions. Second, 

conclusions and recommendations of a broader nature are presented, derived 

from a consideration of the entire analysis reported in this Phase, 

together with the work conducted in Phases I and II of this project. 

5.2 DETAILED CONCLUSIONS 

5.2.1 Systemwide Data Analysis 

During the six-month period selected for analysis in Phase III of the 

study, the systerrrwide operator/assignment ratio ranged from a low of 1.24 

to a high of 1.32. For nearly all of the 26 weeks, the 

operator/assignment ratio was below 1.30 and, for 18 of the 26 weeks, the 

ratio i hlo, 1.27. Ir. rE5po.;e to ths rrge of ip:rtr 'ilat11ty, 
the variables of interest to the study were observed to vary as follows: 

o VCBs/OCBs -- 339 to 886 

o shineouts -- 7 to 34 

o missed/late pullouts -- 210 to 307 

o shine hours -- 5,039 to 7,255 

o unscheduled overtime hours -- 3,813 to 7,800 

In general, it may be concluded that each of these variables responded to 

changes in the operator/assignment ratio in the expected manner. 

VCBs/OCBs generally decreased as the operator/assignment ratio increased; 

shineouts and report hours increasing as the operator/assignment ratio 

r'id anU late Dull.iut3 cJereasing is Lhe u2:ar/assgrrint 
ratio increases; and unscheduled overtime hours increasing as the 

operator/assignment ratio increases. Statistical models describing the 

response of the variables to changes in the operator/assignment ratio were 

successfully developed with reasonable levels of confidence being 

achieved, as described below. 

5.2.1.1 Absenteeism 

For the study period, operator absenteeism rates did not change 

significantly as the operator-to -assignment ratio decreased. There is no 

evidence based on data for the 26 weeks examined in this study that 

operator absenteeism does increase in the hypothesized manner. 

5.2.1.2 VCBs/OCBs 

For the 26-week study time period, the number of VCBs/OCBs per week ranged 

from 339 to 886. In this range, stable bus operations can be maintained 

as confirmed by the District's actual operating experience for the 26-week 

time period. It is believed that exceeding 700-900 VCBs/OCBs per week for 
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extended time periods (exceeding 2-3 weeks in length) may result in 

reduced service reliability and instability. 

For example, the study team visited the District's operating division 9 in 

April 1986. At this time, the division was operating under severe 
operator shortage conditions at operator/assignment ratios lower than 

1.20. Extraboard operators were being required to work as many days as 

possible. Under these conditions, service cancellations were unavoidable 
at times. Perhaps the most convincing indicator of the conditions and of 

its increasing likelihood of deterioration was fourAd in the high number of 

OCB operators missing out and calling in sick. 

5.2.1.3 Union Contract Revision 

Under the current operator's union contract, pCB work must be assigned to 
extraboard operators for both of their days off per week before it can be 

assigned to regular operators. At a systemwide level of 700-900 
VCBs/OCBs, it appears that most extraboard operators would be working one 
and occasionally both off days per week. Data ana'ysis for selected weeks 

suggests that the use of extraboard operators for days off work is limited 

to roughly one day per week where possible. If more OCB work is required, 

cHvisi; p1tL-rs musk uSi xtdQu&rd upi ors cor their co,id 

off or employ techniques not permitted by the written union contract in 

order to use regular operators for additional work. Requiring extraboard 
operators to work on their second day off my lead to decreased service 
reliability and increased instability in the availability of operators. 

It is suggested that the District consider revising its contract with the 

operator's union to permit regular operators to be used for additional 
work when necessary. In making this suggestion, it is recognized that the 

District may be placed in the position of asking the union for a change 

when, in fact, the change is being applied in practice under operator 

shortage conditions. 

S.2..i.4 3tai 

It has been demonstrated clearly that there is strong statistical evidence 
to suggest a relationship between various measures of unscheduled overtime 
and measures of scheduled absence (vacation days) and the manpower 
condition (operator/assignment ratio); and between measures of unscheduled 

absence and the same measures of scheduled absence and manpower condition. 

The evidence from the trend plots and the statistical and regression 
analysis show the following general conclusions for systemwide data: 

1. The use of VCBs/OCBs can be predicted from the 
Operator/Assignment Ratio; 

2. Missed and Cancelled Pullouts can be predicted from the 
Operator/Assignment Ratio; 

3. Report Hours can be predicted from Vacation Days Off and the 

Operator/Assignment Ratio together; 

4. Missouts can be predicted from the Operator/Assignment Ratio, but 



follow from changes in the ratio by a lag of about two weeks; 

5. Sick Days Off can be predicted from the Vacation Days Off, with a 

small additional explanation from the Operator/Assignment Ratio; 

6. Requests Off can be predicted from the Vacation Days Off; 

7. Other Positions cannot be predicted reliably from any of the 

variables of manpower condition and scheduled absence; 

8. There is no evidence that unscheduled absences rise significantly 
following a decrease in the Operator/Assignment Ratio, or drop 

significantly following an increase in the Operator/Assignment 

Ratio. 

Overall, these conclusions lead to a further conclusion that there is no 

evidence to support, on a systemwide basis, the supposition that a 

reduction in the Operator/Assignment Ratio by an amount of about 2 to 3 

percent results in an increase in unscheduled absence. 

5.2.2 Comparison of Systemwide and Divisional Analyses 

It is useful, first, to review the differences and similarities between 

the two divisions (1 and 9) and the system as a whole. A summary of some 

relevant statistics is provided in Table 5-1. These data indicate that 

Division 1 is operating on a fairly tight manpower situation, with the 

operator/assignment ratio averaging below the systemwide figure; while 

Division 9 appears to have surplus manpower with an operator/assignment 

ratio averaging near 1.30. Both divisions show higher than average 

absences for vacation and sick days. Division 1 shows about double the 

rate of shineouts for the system, and Division 9 shows about half of the 

system average. Division 1 is near to the system average in regular runs, 

full-time operators, and part-time operators; and Division 1 is lower than 

the system average for open biddable trippers and extra work. The peak- 

o-bae ratio a Divisicr 1 s sig'j hih, than trL verag, c,d UEr £ 
are almost double the number of open biddable trippers. 

Division 9 has about 50 percent more regular runs, full-time operators, 

and part-time operators than the system average; and Division 9 has double 

the open biddable trippers, open nonbiddable trippers, and extra work than 

the system average. The peak-to-base ratio at Division 9 is also 

substantially higher than the system average, and is nearly 2, indicating 

a large volume of tripper activity at this division. 

In comparing the results of the analysis between the systemwide data and 

the two divisions, a number of conclusions can be drawn. 

1. Division 9, with a significantly higher operator/assignment ratio 

than the systeinwide average, shows some degree of similarity in 

the relationships of unscheduled overtime and unscheduled absence 

to the systemwide average data. 

2. Division 1, with a significantly lower operator/assignment ratio 

than the entire District, shows marked differences in 
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relationships both from Division 9 and from the systernwide data. 

3. At the Division level, it does not appear to be possible to 

predict either shineouts per assignment or missouts per operator, 

although missouts were found to be predictable at a system level. 

It is concluded that the operator/assignment ratio should vary by 

operating division. Phase II of the study made the same conclusion based 

on differences in the average number of days absent for the District's 

operating divisions. In this phase of the study, analysis results 

indicate that unscheduled absence measures respond in significantly 

different ways to manpower conditions in an operating division, but rio 

specific recomendations can be made'with respect to underlying 

relationships or methods of control. It was also determined that report 

operator requirements vary significantly from division to division. 

Specifically, report operator requirements, expressed as the fraction or 

percentage of report operators to number of daily work assignments, 

decrease as the number of daily work assignments increase. Assuming that 

report operator requirements are being correctly determined, the 

differences in report operator requirements mean that varying 

operator/assignment ratios should be employed. 

The study identified seven methods that District dispatchers may employ 

under operator shortage conditions to ensure that all services are 

operated. Specifically, the methods available are as follows 

o Using operators for VCB/OCB work on their days off; 

a Reducing the number of report assignments; 

o Combining open biddable and nonbiddable trippers to minimize 

operator requirements; 
o Service cancellations; 

o Withholding open a.m. biddable trippers from the markup so that 

this work can be assigned to regular run operators; 

o Withholding open regular runs from the markup so that these runs 

can b assicd cr rato's as COB rk;aid 

a Using operators after missing out. 
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TABLE 5-1 

COMPARISON OF SOME RELEVANT STATISTICS FOR DIVISIONS 1 AND 9 AND THE SYSTEM 

STATISTIC DIVISION DIVISION SYSTEMWIDE DIVISION 
1 9 AVERAGE 

Operator/Assignment Ratio 1.264 1.297 1.271 1.271 

Vacation Days/Operator 0.332 0.317 0.253 0.253 

Sick Days /Operator 0.452 0.487 0.419 0.419 

Shineouts/Assinment 0.009 0.002 0.005 0.005 

Regular Runs per day 214.5 295.0 2808.3 200.6 

0p Bdd;t'i Trippes 7.7( 3.37 

Open Nonbiddable Trippers 88.8 227.5 1728 123.4 

Full-Time Operators 309.8 472.5 4198.2 299.9 

Part-Time Operators 47.4 75.3 594.1 42.4 

Extra Work 1.74 5.51 34.2 2.44 

Peak-to-Base Ratio 1.689 1.912 1.667 1.667 

. 
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These methods address the operator shortage condition by increasing the 

number of operators available, by maximizing the work for available 

operators, or by lowering actual operator requirements. 

Depending on the characteristics of the service operated at a division and 

other factors, dispatchers may elect to employ the available methods in 

different ways and at different times. Study results are not conclusive 

concerning the factors involved in determining what methods are used, but 

it may be concluded with certainty that differences in applying the 

available methods from division to division may make statistical 

comparisons between operating divisions difficult or impossible. In other 

words, statistical models developed using systemwide data or data for one 

operating division may not be applicable for describing the operation of 

another operating division under varying manpower conditions levels. 

5.2.3 Optimal Determination of the Manpower Supply for a Division 

It is apparent from the analyses and the results of the field visits to 

two Divisions that the operator/assignment ratio is not a good measure to 

use for setting optimal manpower levels either systemwide or within a 

division. Division 1 illustrates this quite clearly. Based on the 

Lp'Qt 'a.Ygi:nt rtic calcu ted 'cr Divisio- i f'Is ii:r old 
be experiencing a manpower shortage throughout the analysis period. In 

turn, this should generate strong relationships between the 

operator/assignment ratio and each of the measures of unscheduled 

overtime. However, the statistical and trend-plot analyses demonstrated 

clearly that the unscheduled overtime measures were dependent primarily on 

vacation days off -- a result that would be consistent with an oversupply 

of operators rather than an undersupply. The explanation for this 

unexpected result lies at least in part in the type of service profile in 

Division 1. In this division, the peak-to-base ratio is about average, 

the amount of extra work is well below the system average, as is the 

average number of open nonbiddable trippers. This indicates that the 

extraboard at Division 1 will likely be smaller than at most other 

dvisi.is, ni :ertainly mLch ialler 4J'.an niiviio v'h'r' the ey.tr? 

work and open nonbiddable trippers are more than double the system 

average, and the peak-to-base ratio is substantially higher. 

In Division 1, then, it seems likely that the operator/assignment ratio 

could be set much lower, because there is a small extraboard. The number 

of extraboard operators is apparently sufficient not only to cover the 

extraboard work that arises from trippers and extra work, but also some of 

the extraboard work that arises from unscheduled absence. Thus, there is 

less need for the dispatcher to call VCBs and OCBs, unless the number of 

regular operators on vacation is high, so that both the extraboard is 

increased and the number of available extraboard drivers is reduced. 

As shown by the analysis in Section 4.3, the following conclusions and 

recommendations can be made on the determination of operator requirements 

and the use of the operator/assignment ratio: 

1. The operator/assignment ratio is snot necessarily an effective 

measure of productivity that should be applied as a goal for a 

division to achieve. 



2. The number of operators required to operate a division can be 

determined from the run cuts, and from information on vacation 

days off at a division and the use and number of part-time 

operators. 

3. An optimal policy on the tse of VCBs/OCBs can be determined from 

an analysis of the costs of VCBs/OCBs and extraboard operators. 

The determination of the optimal use of VCBs/DCBs can then be 

used to modify the estimate of the extraboard staffing determined 

in 2, above. 

4. It is recommended that further analysis be undertaken to 

determine the optimal use of VCBs/OCBs versus staffing the 

extraboard with full-time operators, based on the relative costs 

and the variability in the extraboard requirements. 

5. It is recommended that new data be collected for each division in 

the District that are carefully controlled for accuracy. These 

data should be used to develop improved relationships for 

unscheduled overtime and unscheduled absence with respect to such 

measures as vacation days off, number of regular runs, and number 

nf extrhoard assignments. These relationships should replace 

che cur'.n ones tat use Vt3s/OCGs and the opercoriassignmerit 

ratio. 

6. It is recommended that the methodology developed here be applied 

to operations at each Division of the District to estimate the 

number of operators required for each new service profile, using 

a microcomputer model to calculate the requirements for operators 

and that such calculations be undertaken each time there is to be 

a shake-up, or between-shake-up service change. This will 

provide the operator planning capability for periods of up to six 

months that was identified as being needed in Phase II of this 

study. 

((9 


