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SUMMARY

Determini ng the work force necessary to run a military food service
facility is a complicated problem. It is difficult to determine how
many workers of various types are necessary to orepare and serve meals
because the required number could depend upon many factors such as
number of meals , modes of organization , and worker pacing. Furthermore ,
the need for workers varies throughout the day typically peaking during
mealtime .

Despi te these difficulties , the enormous cost of labor argues for
a standard methodology to help in the planning and scheduling of workers .
This report describos a methodology for determining minimum manpo’~er re-
quirements for each hour of a workin q day . The methodoloqy is based on
over 150,000 work—samplin g obse rvation~

; at f ive dinin g hails at three
facilities (Ai r Force , Army and Navy ~ere repr 3~uted~.

It was found that the followi ng factors affect the work force re-
quirements to a statistically significant degree: number of meals , type
of meals , day of the week (weekday or weekend), duties of food service
attendants (i.e., some kp ’s perform some cook ’s duties), the activit y
taking place (eg., serving, clean up) and the duration of the serving ,
preparation and clean-up periods . A series of models are presented to
be used in estimating work force requirements from a knowledge of the
above factors. These model s are especially accurate in predicting demands
durina peak hours on weekdays est ntes are most critical. During
those times the models explain 72~ to 94% of the demand variations . The
model s, however, may not be vaL~; o~ ~.J~ities whicn have characteristics
significantl y different from the tour d ining halls used in the current
study.
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PURPOSE

‘The purpose of the research summarized in this report is to de-
velop a series of models to predict hourly work force requirements in
U.S. military food service facilitie s . The models predict hourly needs
for two types of workers whose numbers cannot be easily determined--
cooks and food service attendants (kp ’s). The latter are also categorized
according to whether or not they perform activities normally defined as
cook ’ s duties .

The estimates produced by a model can be modified by managers should
there be special circumstances not incl uded in the model . The resulting
estimates are then used as the basis for determining work force size and
for scheduling workers . Either computer or manua l procedures can be used
to prepare schedules .

Since these model s are to be used frequently in the field by individuals
who w i l l  not necessarily have a technical background , they were designed to
have certain characteristics:

•il They are as simple as possible while still including the effect
of all major factors~

• ~they require only data which are easy to obtain, P’ ’

•~~They do not require a grea t deal of calculation .A

The work reported herein is a revised version of t$e predictive
models presented in the report dated February 15, 1977.
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BACKGROUND

Because of the rapid increase in labor costs in both the private
and the public sector , effective utilization of workers is becomi ng
more and more important. A pertinent study by Smith Ill shows that
labor costs can be as much as 55 percent of the tutal annual cost of
m i l i t a r y  food service operations . In another study 121, he states
that as much as 33 percent of the availabl e labor in these operations
is nonproductive due to improper or i nefficient worker schedules while
Kazarian [3] indicates that the nonproductive labor in commercial
restaurants can be as high as 45 percent.

Department of Defense (DOD ) expenditures for food services were
1.5 billion dollars in 1974 [4). Above estimates of excess labor appl ied
to the military sector indicates that , with perfect scheduling, e~s muchas 275 million of the 825 milli on in labor expenditures might not be
necessary . Al though it is impossibl e to avoid nonproductive time completely,
it should be quite clear that more efficient schedules ar~ very desirable
for the armed forces.

At the current time it is estimated that approximately 1.5 million
military personnel are fed in over 2000 food service facilities and that
KP contracts total in excess of 100 million dollars . These KP contracts
cover civilian workers involved primarily with sanitation aspects of the
operations (cleaning, dishwashing, tabl e preparation , etc.).

The first step towards efficient worker schedules is the determination
of work force requirements, not only in the aggreqate , but by specifi c
time periods wi thin a given day . Food service facil it ies exhibit very
irregular worker requi rements whi ch , for rather obvious reasons, cannot be
smoothed as completely as might be done in most goods-producina environm ents .
The demand for services are highly variable from day to day and even wi thin
a day (from serving period to serving period such as breakfast to lunch to
dinner). This same phenomenon occurs in other environments such as Uanks
(tellers), airlines (ticket and reservat ion clerks ) and retail stores (sales-
people and cashiers). Predicting work force requirements in an environment
where this phenomenon occurs is the objective of this study .

LITERATURE REVIEW- -MANPOWER ESTIMATION

A search of the technical literature has revealed only a limi ted
amount of research In the area of work force estimation . The bulk of this
research Is directed toward the goods-producing organizations as opposed
to the service organizations.

Goods-Producing Organizations

Drul [53, with the use of regression equations , attempted to predict
worker requirements for the functional areas of a goods-producing organiza-
tion. The results of this paper indicate that this statistical method
appl ied to the work force distribution of an organization by function ,
provides a guide to selective work force reduction when used in conjunction
with “good business judgement”.
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Wabel and Bush [61 developed an approach to probabilistic fore-
casting of engi neering personnel requirements . The approach was based
on a statistical technique that utilized an expected value calculation
to estimate probabl e future work force requirements in the face of un-
certainty about the success of outstanding bids. The number of persons
required for each outstanding bid , as wel l as a probabilistic estimate
that the bid will be accepted , was reouired for the application of the
technique. This approach will be valid only if a “large” number of bids
are simul taneously outstanding, and if the personnel required are
reasonably interchangeable.

Packard [7] extended the works of Wabel and Bush to incl ude the
very practi cal consideration that the probability of success is a function
of the age of the outstanding bid. A matrix , whose elements represent
the probability that a contract will resul t in the nth month after sub-
mission if the bid was submi tted m months ago , is required i nput for
Packard ’s approach.

Other publ i shed methods for work force estimation for goods-producing
organizations can be found in the literature [81, [9], [10]. These
methods are similar to the techniques previously mentioned and require
that the possible work loads can be defined and their probabilities of
occurrences estimated .

Service Organi zations

A three-staged work force plannina and scheduling model was developed
by Abernathy~et al. [11] for a service sector organization. The model has
specific appl ica t ion  in the nurse-staffing process in acute hospitals.
Abernathy utilized a Monte Carlo model to determine minimal staff re-
quirements that met specified service risk levels. A linear programi ng
formulation was then used to determine optimum staff allocations to
satisfy these minima l staff requirements for a specified staffing pnlicy .

The Public Health Service recognized the need for work force estimation
in hospi tals and engaged the University of Michigan ’s Institute of Science
and Technology to develop staffing requirements for the laundry , dietary ,
and pharmaceutical departments [12]. Standard elemental times necessary
for the successful completion of all operational activit ies in each of
these departments were developed by the University using Industrial Engineer-
ing techniques . These time standards were then used wi th departmental work
load statistics to obtain reasonable staffing requirements.

Smith [21 provides the most recent research work in work force
estimation for a service organization. Using the data obtained from a
work sampling study, he estimates the minimum periodic worker requirements
for a food service organization by multiplying the productive time proportion
by the actual number of employees on duty during each day of operation .

At the present time , the basis for authorizing staffing l evels of
military food service personnel is determi ned from empirical manning
equations developed by Management Engineering (ME) [13]. Each equation
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is of the form

Number of Personnel Authorized = A . (Value of Work Load Factors)8

and is used in conjunction with a “rounding ” table to produce integer
results . The values for A and B were determined for both the operating
and supervisory personnel equations by linear regression and correlation
analysis. The respective work load factors selected were average number
of rations served daily (each three meals served is one ration) and number
of personnel supervised . The value of the work load factor “numbe r of
personnel supervised ” is provided by the manning equation for operating
personnel .
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METHODS OF PROCEDURE

SUMMARY OF PROCEDURES

The empirica l manning equations developed by the U.S. Air Force
are currently used as the basis for determining the aggregate work
force authorizations for a milit ary food service facility . Detailed
worker schedules are determined in an ad hoc way by the food service
manager. Smith [2] has shown that the resulting staffing and schedul-
ing procedures result in approximately one-third of the available l abor
spent in nonproductive pursuits . He determines the minimum periodic
worker requirements for a given facility through an extensive work
sampl ing study of the labor activities at that facility .

The objective of this report is to develop a set of models which
can be used to predict work force requirements for a food service
facility without repeatedly performing extensive work sampling on the
facility . Consequently, one must obtain data that is representative of
military food service operations in a more general sense. At the time
this study was initiated , the factors that have a si gnificant effect on
work force requirements had not been identified . This study attempts
both to identify some of these factors and to incorporate these factors
into a series of empi rical equations for predicting work force require-
ments. In order to accomplish these objectives a number of procedures
were utilized : (1) The design of a work sampling study to obtain
representative data on military food service operations ; (2) the design
of a data collection procedure to obtain the work sampl ing data ;(3) graphical
and analyti cal analyses of the data in order to identify significant work
lo~d factors; and (4) stepwise multi ple linear regression to incorporatethe significant factors into a set of empirical work force equations . These
equations can then be used instead of having to rely on more work sampl ing .
The details of these procedures are covered below .

DATA COLLECTION

Work sampling was used as the basis of the data collection procedure.
This method is based on the principl e that a sufficient number of sampl es
taken from a large group tends to exhibit the same characteristics of
distribution as the entire group [14).

In the data collection phase, all food service personnel were placed
in one of seven categories: (1) Dining Hall Supervisor , (2) Military
Cook, (3) CivIlian Shift Leader, (4) Civi l ian Cook, (5) Civi lian Food
Service Worker, (6) Baker, and (7) On Job Trainee. A description of
the functional activities for these categories is given in Appendix A.

The work activities for the study were classifi ed into forty-two
categories as listed In Appendix A. These categories include all of the
ones used by Smith (1,2) in prior studies of military food service facilities
so that meaningful comparisons can be made. Also , additional categories
were added for completeness.
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The work areas were cl issifie d as f~l]inq into nine functional
areas: (1) Office , ( 2 )  Meat. and Vegetable Cooking , (3) Salad , (4) Bakery,
(5) Dishroom , (6) Pot Washin g , (7) Storeroom , (8) Serving Line , and
(9) Dining .

A category for perfo~nance rating was included to provide data onthe effort the employees were expending. The analyst (observer) compared
the performance (speed or pace) of the food service worker under observation
with his own concept of normal performance. The oace factor was categorized
as follows :

Performance (%)  Pace Factor (2 digits)

120 12
110 11

NORMAL 100 10PERFORMANCE
90 09
80 08
70 07

It should be noted that the observers were not trained in the area of
performance rating. Consequently, this data was not utilized although
it mi ght prove useful in future studies .

Five representative military dining hall s were selected for work
sampl ing studies. The dining halls were selected with resDect to the
potential work load factors they possessed. Considerations were given
to each branch of the military wi thin the geographic limi ts of New England .

The dining halls selected and the ccrresponding work load characteristics
are shown in Tables 1 and 2 respectively.

TABLE 1
DINING DIN ING MILI TAR Y LOCATION
HALL HAL L BRANCH

NUMBER
1 Alert Air Force Pease Air Force Base

Portsmouth , N.H.
2 Main A ir rorce Pease Air Force Base

Portsmouth , N.H.
3 #649 Army Fort Devens

Ayer , Mass.
4 p694 Army Fort Devens

Aver , Mass .
5 Ney Hall Navy Navy Educational an4

Research Center
Newport, R.I ,
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JARI I ?

I ) I N J N ~ FlAIL CHARACEFRIS 1US

AVERAGE NUMBER OF MEALS SERVED

BREAKFAST LUNCH DINNER MIDNIGHT

DI H I NG
FACILITY

V) U) U) U) U) LI) U)
>- >- >-

w LU w w
I.U Li Li LU I.. J Li Li LiLi LU LU LU LU Li Li Li

Alert 50 90 80 -- - 50 80

Ma in 280 190 480 --- 380 445 100 80

#649 280 165 450 190 375 200

#694 225 115 370 160 265 160

Ney Hall 925 560 1000 670 780 730

DINING SEATING SHORT BUSSING
FACILITY CAPACITY ORDER

Alert 100 NO KP

Main 350 YES KP
LUNCH WEEKDAYS

#649 300 YES PATRON
LUNCH WEEKDAYS

#694 300 YES PATRON
LUNCH WEEKDAYS

Ney Hall 500 YES PATRON
LUNCH WEEKDAY S

AND
WEEKENDS
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Length of Study

A representative period of time where normal manning existed and
which Included variations in the work load or work function categories
was S&Pcted for each work sampl i ng study . Each study covered a f~ft~~nday consecutive period of time with one day bein g utilized for observerb orientation u and fourteen days for data col l ection.

Observation Schedule and Procedure

In a dining hall where activity fluctuates widely from hour to
hour and/or within an hour , it is desirable that every time period
considered has equal representation in the sample. Also , it is de-
sirable to insure that the data collected posSE ss a reasonable degree
of relative accuracy . These were attai~ied by scheduling observation
rounds for each observer every f ive minutes duriflg the work sampling
hours . During a particular round , each observer would locate the food
service workers assigned to him and would record their job classification ,
location , activity , and pace factor.

The work sampl i ng hours scheduled at each dining hail covered : six
of the ten weekdays for the entire period of operation , the other four
weekdays for contiguous periods including the servin g times for two meals ,
and all four weekend days for the entire oeriod cf operation. Hours of
observation by dining hail are sumarized in App endix B.

Sumary of Data

The data collection phase represented a total of 2562 hours of
observations covering both weekdays and weekends and resulted in the
gathering of over 160,000 observations . The data was keypunched onto
cards and verified ; copies of these cards were submitted to Natick Labs .
The card format is presented in Appendix C. The number of observations
made at each dining hall for each worker category is shown in Table 3.
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TABLE 3

NUMBER OF OBSERVATIONS MADE

DURING DATA COLLECTION PHASE

JOB CLASSIFICATION

DININ G COOKS FOOD SERVICE SUPERVISOR TOTAL
FACILITY WORKER

1 2432 2794 885 6111

2 11702 9692 3229 24623

3 20836 13940 5131 39907

4 19452 14951 3473 37876

5 15838 36284 5923 58045

TOTAL 70260 77661 18641 166562

DATA ANALYSIS

Determination of Fraction Productive

The proportion of time a particular worker category was engaged in a
productive capacity was calculated for quarter hour periods from the work
sampling data. This proportion was determined by dividing the number of
times the worker category was observed in a productive capacity by the
total number of times observed .

P. .k=fraction productive ,worker category i
on day j duri ng quarter hour k

All computations and statistical analyses were performed on the University
of Massachusetts Computer System using the SPSS statisti cal package [15].

It should be noted that for work force estimation purposes:

1) All food service workers were assumed to be equally proficient.

2) Mi l itary cooks, civilian cooks, and bakers were assumed to be
interchangeable and were grouped in the same worker category.

3) Designated rest break, typically considered a nonproductive
worker activity [2], was considered “productive”. Since a
designated work break is a schekluled nonproductive work period
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that is inherent , permanent, and definitely unavoidable ,
classifying the work activities of the food service workers
during this period as nonproductive would result in a reduced
(i.e., unrealistic) work requirement.

Calcul ation of Dependent or Response Variable

The dependent or response variabl e is that variable in the analysis
that measures the objective of the research problem . The response variable
selected for this analysis represents the minimum productive work force
requirements and is defined auantitatively as follows :

TEMP. .k=Theoretical estimated work force requirement for worker
~ class i on day j duri ng quarter hour k

TEMP IJk =AMPIJk • ~ijk

Where AMP~ (Actual work force on duty of worker class i on day j
during quarter hour k

PIJk=fraction productive

Since there were only two workers (one for each shift) in each of the
fol lowing worker categories, Civili an Shift Leader and Dining Hall
Supervisor , work force estimati on models for these categories were not
considered useful . It is recomended that the work force requirements
for these supervisory categories continue to be based on Air Force criteria
[131. Therefore, TEMP values were only calculated for cooks and food
service attendants. Average TEMP values for cooks and food service
attendants during specified work periods are shown in Appendix D. It
should be noted that food service personnel that were performing work
activities outside of the Dining Hall and also the cashier , were not
included in this analysis.

Work Load Factors or Independent Variables

The work load factors are those factors that mi ght be related
quantitatively to the work force requirements . The factors that were
considered to be potential work load factors are shown below:

WOR K LOAD FACTORS

Number of Meal s Served

Day of the Week

Hour of the Day

Type of Meal Served
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Type of Preparation Required

Serving and Non-serving Hours

Equipment

Layout

Arrival Pattern of Customers

Bussing

Size 0f the Dining Facility

Percent Utilization of KP

A predictive model requires that,where at all possib le,quantitative
relationships be devel oped between work load factors and work force size.
Obtaining a quantitative description of some of the above factors is
straightforward--eg., number of meals served . For other factors the task
was more di fficult. After examining and analyzing the data , the quantitative
factors in Table 4 were developed .

Graphic Analysis

When a series of numerical values of the response vari able TEMP is
plotted against values of a work load factor , the result is a scatter
diagram . Scatter diagrams were plotted to provide insight as to the
selection of an appropriate mathematical model and the time periods
over which it might apply, thereby elimi nating obviously unacceptable
or implausible relationships .

The scatter diagrams provided the following plausibl e insights :

1) A multivariate linear regression model is reasonable
for work force estimation;

2) A different predictive model is necessary for cooks and
food service attendants ;

3) A different predictive model is necessary for weekdays
and weekends; end ,

4) A different predictive model is necessary for serving periods
and non—serving periods but not for each hour of the day.

Hence, eight predictive models were developed .

Model 1: Cooks--Serving Period--Weekdays

Model 2: Cooks--Serving Period--Weekends

Model 3: Cooks--Non-serving Period--Weekdays
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TABLE 4
CATEGORIZATION OF WORK LOAD FACTORS

FACTOR UN ITS TYPE DESCRIPTION

Meals Number of Meals Quantitative *Meals served during
per hundred a meal period

HOURS Number of Hours Quantitative **Hours in a serving
HRS or between serving

period

KP UTILIZATION Percent (°i
~ ) Quantitative ***Utjljzatjon of food

KPUSE service attendants
in preparation and
serving functions

MEAL FACTOR
MFACT Serving Period Quantitative Type of meal served

Cook to Orde r-MFACT=2 or to be served

Cook to Order
and -MFACT=3

Preprepared
Preprepared-MFACT= 1

(Dinner)
MFACT= 2
(Lunch)

Non-serving Period
Prior to Cook to
Order-MFACT= 1. 5
Prior to Cook to
Order and Preprepared-
MFACT= 3
Prior to Preprepared-
MFACT=2. 5

KP Number of Food Service Quantitative Number of KPs to be
Attendants utilized in a work

period . (Developed
from KP models M5,
M6, M7, M8

DAY Weekday Qualitative Period of the week
Weekend
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TABLE 4 continued

TIME Serving period Qualitativ e Work period
0ff-serving period

*The number of meals to be used in “non-serving periods ” for KPs are from the
preceding meal , and for cooks from the subsequent meal .

**Serving hours for meals should be extended to include:
a) BREAKFAST--1/4 hour before and 1/2 hour after
b) LUNCH-- 1/2 hour before and 1/2 hour after
c) DINNER--• 1/2 hour before and 1/4 hour after

***The Dining Hall Supervisor must rely on their “best judgement ” to obtain estimates
for this work load factor. The KP contract and a few direct observations of worker
activities should provide reasonable estimates. The KPUSE values utilized in this
study were obtained from the data shown in Appendix 0.

It should be noted that a factor is categorized as qualitative if its occurrences
cannot be placed in order of magnitude.

~
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Model 4: Cooks--Non-serving Period--Weekendc

Model 5: Food Service Attendant - -Servinu I~ riod--Weekdays

Mode l 6: Food Service Attend ant- - Ser vj n q  I’ t~r i o d — — W e e k ends

Model 7: Food Service Attenda nt--Non-se,’v 111(1 Period— -Weekddy~.

Model 8: Food Service Attend ant--Non-servin q Period--Weekends

Statistical Techniques

Multiple regression is a general statistical technique throuch
which one can analyze the relationship between a dependent or response
variable and a set of independent or work l oad factors [17]. Since
increasing the number of factors recognized by the model normally
improves the measure of correlation , tests of significance to estimate
the probability that improvements were due to chance are critically
important in multivaria te analysis.

An extended version of the Forward Stepwise Inclusion Method was
utilized in order to provide insigh t into the “best” predictive models.
The inclusion procedure inserts and removes work load factors in the
predi ctive equation until the equation is considered “satisfactory ” .
The order of insertion is determined by using the partial correlation
coefficient as a measure of the importance of factors not yet in the
equation . After each regression step, those work load factors already
in the equation are re-examined to determine if they still provide a
significant contribution to the predictive equation. Judgement regardina
the significance 0f their contribution is based upon their individual
F ratios. Any variable with an F ratio less than a prespecified value
is considered eligible for removal. As each factor is entered into or
removed from the predictive equation , the followina values are calculated :

2 . .  . . 2 .1. R , the coefficient of determination. The closer R is
to one, the better the fitted predictive model explains
the variation in the data . The minimum level specified
in AFM25-5[16] for this parameter is 0.50.

2. S~ the standard error of estimate . The residual mean square
Y is an estimate of the variance about the regression . The
smaller it is the better, that is , the more precise will be
the predictions.

3. Coefficient of Variability . This is the standard error S
expressed as a percentage of the mean response. The coefficient
of variability provides another way of examining the decrease
in S in its relationship to the response variable TEMP .

4. The partial F-test values for the work load factors not yet
in the predictive model. These show whether a work load factor
~Tll account for a significant amount of variation over that
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removed by factors previously in the predictive model .
As soon ac the partial F valu e related to the most
recently t’nt ert’d ftc t i ~ conc I dered non- si qni fi cantno add i t  totia 1 t ~c tors WI Ii be i nsert.t’d

b. The l)1~rt i.~ I t (~~ 1. Vd I LIPS t o  the W O % k ‘~d t,~c tors
“in ” the predict ive iiiodel . rhese show wheth er a wor k
lo ad factor still accounts for a si gnificant amount of
variation over that removed by the other factors in the
predictive model . As soon as the partial F value related
to a factor is considered non-significant the factor is
removed from the predictive model .

6. “Overall” F test for goodness of fit. The overall F test
uses statistical inference procedures to test the null
hypothesis that the coefficient of determination (Rd ) is
zero in the populatio n from which the sample was drawn .
Expressed in another way, the test indicat es whether the
(assumed random) sample of observations being anal yzed has
been drawn from a population in which R2 is equal to
zero, and any observed R2 is due to sampling fluctuation
or measurement error. It should be noted that the null
hypothesis was rejected for all predictive model s developed
at the .0005 level of significance (see results section).

The best predictive model is the one whi ch best reflects work force
requirements as a function of one or more statistically signifi cant
work load factors . The criteria used for selection were :

1) Hi ghest Coefficient of Determination , i.e., R2 closest to one ,

2) Least Standard Error of the Estimate .

3) Plausibility of the resulting model ,

4) Overall F Significance, and

5) Ease of estimating factor levels for future time periods.
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RESULTS

The si gnificant factors determined in the siepwise multiple linear
rearession procedure described in the last section are incorporated in
the seven model s summarized in Table 5. Requirements are predicted for
the type of worker (cook or food service attendant) for a given period
(serving or non-serving) on a given day (weekday or weekend). The
particular serving period or non-serving period is incorporated via the
factor label ed ~1FACT (meal factor). The coefficient of determination
(R2) for the model s ranges from a low of 72% to a high of 97%; unusually
good values resulted for models Ml , M5, M6, and M8.

A set of tables summarizing the predicted TEMP values as compared
to the actual TEMP values is presented in Appendix E. A statistical
validation of these results wi ll be performed and included in a subsequent
report.

In each of the models , the overall F-siqnificance is less than 0.0005
which means that the expression for personnel requirements would have less
than 5 chances in ten-thousand of occurrinci by chance . Details regard ing
the statistical significance of the individual factors and interactions
are summarized in Appendix F.

A predictive model for cooks during non-serving periods on weekends
is not included in this report. All of the proposed models that have been
evalua ted to date have failed to meet one or more of the criteria for
acceptance. Models with suitabl e coefficients of determination were
too complicated and also lacked reasonableness. Reasonable model s had
coefficients of determination well below 50%.

An attempt to fit a predictiv e equation for cooks during lunch on
weekdays of the same form as the AIR FORCE manning equation ; i.e.,

COOKS=A .MEALS B

produced a coefficient of determination of 0.01%. Consequently, pre-
dictive model s of this form were dropped from consideration since this
period is the most well-behaved (or regular) period for cooks across all
dining halls.

The worker activity results obtained in this study are summarized in
Table 6: the results reported by Smith [21 are also included so that
comparisons can be made. Detailed activity reports for cooks and KPs by
Dining Hall , period 0f the day, ard day of the week are included in
APPENDIX D. The percent of total time classified as non-productive
(across the four dining hal ls studied in this report) is approx imately
36%, slightly higher than found by Smith.
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TARL [ ~

COMPARISON OF WORK SAMPLING RESULTS FROM CURRENT STUDY WITH SMITH’S (21 RESULTS

Summary Work Sampling Results Current Study*

WORK ACTIVITY (°
~)

TYPE OF WORKER PREP . SERVE SAN . SUPPLY SUPER. NON-PROD.

SUPERVISOR (MIL .) 5.1 3.5 .9 .9 50.5 39.0
COOKS (MIL. & CIV .) 32.2 16.3 5.7 1.2 5.7 38.8
LEADER (CIV .) 5.3 4.3 21.5 .2 25.9 42.8
FOOD SVC . AlT. 6.5 10.9 48.1 .4 2.3 31.8

Summary Work Sampling Resul ts by Smit h
WORK ACTIVITY (% )

TYPE OF WORKER PREP. SERVE SAN . SUPPLY SUPER. NON-PROD.
MIL . COOK 0.4 7.7 7.5 17 .2 16.6 44.0
CIV . SHIFT LEADER 32.1 11.7 7.5 0 10.0 35.7
CIV . COOK 27.1 29.3 9.3 0.2 1.6 31.3
FOOD SVC . AlT. 6.0 9.0 46.7 0.4 1.0 29.8

Definitions for the work activities are as follows :

Preparation --includes obtaining ingredients , preparation of ingredients ,
cooking food, placement of food in servinc~ containers .

Serving -—includes cutting port ir,ns on serving l i ne , rep len i shes ser~ing
l ine , sets up and tea s down serving lin e , makes bevera ges and
refills beverage dispensers .

Sanitation --includes cleaning utensils and equipment , cleaning kitchen
and dining area , cleaning tables and tableware .

Supply --includes unloading and unpacking of supplies , inventory of
supplies , and issue of supplies .

Non-productive --includes designated rest breaks , walking with no apparent
purpose , and absence from the dinin g hall.

*Results are across five dining hall s (MAIN, #649, #694 , NEY HALL , ALERT)
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DISCUSSION OF RESULTS

The results of the data analyses regard i ng worker activIty conf1rm~the statement by Smi th 1.21 that over one-third of the available labor Is
spent in non productive pursuits . This , in turn , supports the need for
reliable procedures to estimate work force requirements and for tech-
niques to obtain efficient schedules .

The results of most of the data analyses regarding the predictive
model s were unusually good as measured by standard statistical yardsticks .
In particular , all of the models included in this report appear to describe
the observed activities very well and should prove very useful in predict-
ing work force requirements . Of course , the models should be used in
conjunction with management l s judgement. Like any quantitativ e tool , the
models do not consider all contingencies and planners should not hesitate
to modify model predictions if they can state good reasons for doing so.

~3ttsfactory results have not been obtained for one model (prediction
of cook requirements duri ng non serving periods On weekends).
Since the model s developed were unsatisfactory for e~ther reasonabless or per-cent of variation accounted for, they have been omitted from this report.
We therefore suggest that schedulers should simply estimate the demand
for cooks dur ing the non serv i ng periods on weekends using current methods
until suitable models are developed .

- It is not surprising that the models did not describe activities duri ng
slack periods as well as durthg periods of peak activity . Duri ng slower
periods workers had more fl exibility in what they did and when they did it.
Consequently, patterns of work were not as pronounced as at other times and
are therefore more di fficul t to di scern.

Al ) the model s must be used with caution In a setting whose characteristics
differ markedly from those where the data were collected . For example , the
models mi ght not apply where convenience (or “quick”) meals were served or
if the nui~ter of meals was much greater (eg., one and a half times) o” much
less (one half) than the largest or smallest facilities , respectively.

The results of the current study also provide the information
necessary to desi gn a more c3mprehensive statistical experiment. This is
described briefly in the following section.
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FUTURE WORK

The most obvious “next step” is to test the methodology developed .
This is underway and is described in “Uodjfi cation of Contract” number
DAAG17-75-C-0017-P00004. The models developed could also be improved
by col l ecting data at more facilities which differ markedly in some way
from those included in the current study .

Based on the data already obLained , it would be possible to design
a comprehensive experimental design to collect data at a larger number of
facilities . The current data collection procedures sought all the data
which were thought to be irn2ortant. There is now evidence that some
factors which were thought to be important were not while others not
incl uded possible mi ght affect workloaas .

Because of what has been learned , future data collection would nct
have to be as extensive as it was in the current study . As a matter of
fact, even the current study did not require the volume of data which were
collected. However , the Natick Research and Development Command needed
the more exhaustive data for other purposes and so we naturally analyzed
all the data we had.

Data from a larger number of facilities could be used to refine the
expression

Manpower = A x (No. of Rations)B

currently used to help set overall work force levels. More accurate
guidelines have the potential to save large amounts of manpower costs.

Since the prediction of work force requirements is such a challenging
topic, we will continue to analyze the datci collected for the current study
both on our own and in conjunction with the implementation project in
progress. If improvements are developed for either the seven models presented
in this report or the unsatisfactory model , we will forward them co the
Natick Research and Development Command .
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APPENDIX A

REPRESENTATIVE DATA COLLECTION PACKET



Instruction Sheet

1. Fill in the necessary information at the top of the data col lection
form as illustrated in Table A-i.

2. Fill in column 1 (time of day) of the data sheet. Begin with the
hour (military time) the study commences on line 1, and increas e
the time in five minute i ntervals on subsequent lines .

3. Fill in the employee identification sections for each food service
worker that you are scheduled to observe. This descriptive identification
should be explicit enough to enable you to quickly “locate” the in-
dividual when an observation is to be made .

4. An observation round is scheduled every five minutes (i.e., when the
time of day in column 1 is encountered). During that time, all food
service workers that you are required to observe must be l ocated and
their activities recorded in the appropriate data columns of the data
collection form. (See Tables A-i , A-2, A-3, A-4, A-5)



TABLE A-i

‘N~~ ¶si~W~~(C 
~~~~ ~~ ~O9ST t~\(E~4S C~~E ~~

3 _

~‘tE ~~~~ [oI1K~I’i I ’i1~I oP~’i coDz~ J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

E~1c~~~ t t~~~c~~t~~ow /R~~ ~~c~/ /Br~.o /
_ _  

/ ‘ ~~~~~_~‘~~
“

_ _ _ _  ~~~ _ I _ _ _ 1 J
0600 

_ _

— 
o~ t 0  

- _ _ _

10

1. Cafeteria code*(e.g., #649=Cafeterla #3)
2. Six digit date code (month - 2, day - 2, year - 2 digIts)
3. Day code (e.g., 1 = Sunday 7 = Saturday)
4. BegInning and ending military times of the sampl ing period
5. Observer c’de (e.g., M. Spratt = Observer #1)
6. Military time of the observation
7. Specific employee identification
8. Job classification code (refer to Table A-2, 1 digit)
9. Department. c’~de ( refer to Table A-3, 1 digit)
10. Activity code (refer to Table A-4,’ 2 digi ts)
11. Pace rating factor (refer to Table A-5, 2 digits)
12. PreparatIon factor (0-prep for next meal , 1-prep for meals following the next

scheduled , 2-prep for meals on subsequent days

*ALFRT #~MAIN #2
#649 #3
#694 #4
NEY HALL #5



TABLE A-2

JOB CLASSIFICATIONS

1. DINING HALL SUPERVISOR: The E-7 or E-6 military supervisor in charge
of the operation of the dining hail.

2. MILITARY COOK: The E-4, E-3, or E-2 military person who performs
achninistrative and/or cooki ng functions in the dining hail.

3. CIVILIAN SHIFT LEADER: The .WL-8 civilian responsible for assigning
work to other civilians on his shift , or who performs actual cooking
function.

4. CIVILIAN COOK: The WG-8 civilian who performs actual cooking functions
in the din ing hai l.

5. CIVILIAN FOOD SERVICE WORKER: The WG-2 civilian who perfoms cleaning ,
dishwashing , and other related functions in the dining hail.

6. BAKER: The WG-8 civilian who performs baking functions in the Dastry
kftchen.

7. OJI: The milita ry person categorized as an on the job trai nee.



TABLE A-3

Code 
~~partment

I Office

2 Meat and vegetable Cooking

3 Salad

4 Bakery

5 Dishroom

6 Pot washing

7 Storeroom

8 Servi ng line

9 Dining



TABLE A-4

Code Activity Listing
01 Idle
02 Absent from assigned work station
03 Walking loaded
04 Walking empty
05 Designated res t break
06 Miscellaneous work
07 Personal hygiene
10 *Prepares meats for cooking
ii *prepares vegetables for cooking
12 Cooks food off line
13 Cooks food on line
14 *prepares soups
15 *Prepare and assemble salads
16 *prepare and assemble desserts
17 *Prepare and assemble cold sandwiches
18 Prepares cooking utensils
19 *prepares for baking
20 Bakes
21 Set up serv ing line
22 Replenish c” close servi nc~ line23 Serves customers
24 Serving --being at a’tention t~ the serving process
31 Wash utensils and pots
32 Cleans equipment
33 Cleans kitchen
34 Cleans dining area and tables
35 Clean dishwashing area
41 Clea r tables
42 Set up tables
43 Operates dishwasher--wash silverware and dishes
44 Stack si lverwa re and di shes
51 Receive supplies
52 Order supplies
53 Issue supplies
61 Prepares correspondence and records
62 Telephone
71 Monitors report and OJT program
72 Inspects
73 Recei ves or gi ves supervi sion
83 Collect cash & conduct headcount
91 OJT
92 Maintenance/repair
*jnd i cate In the blank space to the right of the data column
/--if the preparation is for meals following the next

scheduled mea l on the same day
X—- if the prepa ration is for meals on subsequent days
NO ind i cation implies preparation is for the next meal



TABLE A-5
PACE RATING FACTOR

PACE RATING — A technique by which an analyst compares the performance
(speed or i ace) of the worker under observation with the
observer ’s own C (JflCep L of normal performance.

Performance (%) F ace Factor (2 digits)
120 12
110 1].

NORMAL
PERFORMMNCE 100 10

90 09
08

70 07
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SAMPLE OBSERVER WORK SHEET
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APPENDIX B

OBSERVATION TIMES FOR WORK

SAMPLING STUDIES



lABE L t~-~

OBSERVATION TIMES FOR WORK SAMPL INI STUE)Y--NAs[ AIR FORCL BASE

Day Work Work
Sampling Samp ling

Hours Hours
(Main) (Alert)

1/16/76 Orientation Oricr~tatjon

1/17/76 0500-1300 0700-1500

1/18/76 1100-1900 1100-1900

1/19/76 1100-1900 0600-1900

1/20/76 0400-0300 0600-1400

1/21/76 0500-0300 O60O-1:’k~0

1/22/76 0400-0200 0600-1400

-_
1/23/76 0500-1300 0600-1400

1/24/76 0400-0200 0600-1900

1/25/76 0500-1100 
— 

0700-1200 
—

2300-0100 1500-1800

1/26/76 0400-0200 0600-1900

1/27/76 0400-0300 1100-1900

1/28/76 1100-1900 )600-1900
—— -—.-———----- — -——- — --- — -

~1/29/76 0400-0200 0600-1900

1/30/76 1100-1900 1100-1900

-~~~~~~~~~~~~~~~~~~ -~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



TA BL E ~~~
- ~?

OBSERVATION TIMES FOR WORK SAMPLING STUDY- -FOR I UF” [NS

I3~y Work Work
Samp 1 i fl (1 S inip I i 1R3

Ileurs
#64~

7/ 6/76 On etit i L on on en ’ t
7/ 7/76 0801) ~‘UO() 0300
7/ 8/76 030r ’ -~ ft~ 0400 -
7/ 9/76 040O.1~rUi •y~’)n ’.ft .o )
7/10/76 0100- - 1830 O7OO-!3.~
7/11/76 0700-1830 O700_I~3’~
7/12/76 0300-2000 (i3OO-~0U~
7/13/76 O3Ofl-?0C~ 0800
7/14/76 0300-1500 030O~200M
7/15/76 0300-2000 O80O- :~ 0~
7/16/76 0300-2000 0300- 2001
7/17/76 0700-1830 0700-183()
7/18/76 0700-1830 0700-1830
7/19/76 0400-1600 0300-2000
7/20/70 0300-2fl0 0400-160



1ABI E 11- 3

OBSERVATION TIMES FOR WORK SAMPI 1MG St IW y -- r ’ c I:WPDR (

Day t4¼ ni~ S.imp I I Ion rs
N(’~’ lId 11

7/26/76 )nientatior (0800-1000)
7/26/76 i0~ii- 1830
7/27/76 0-
7/ 28/ 76 “ 

~U-I9 3O
7/ 29/76 0( 00 - 400
7/30/76 04:30-1930

~/31/76 0700- 1930
8/ 1/76 0700-1930
8/ 2/76 Y-30- 1930
8/ 3/76 0(;00- 1400
8/ 4/76 

~‘3 0-i930
8/ 5/76 0430-1930
8/ 6/76 1030-1830
8/ 7/76 0700-1930
8/ 8/76 0700-1930



APPENDIX C

DATA CARD FORMAT

a



TABLE C-I

DATA CARD FORMA T FOR MAIN AND AL ERT

INFORMATION* FORMA T COLUMNS
Dining Hall Number 12 1-2
Date Code 16 49
Day Code Ii 11-11
Beginning Time 14 13-16
Ending Time 14 18-21
Observer Code 12 23-24
Time of Observation 14 26-29

EMPLOYEE OBSERVATION DATA**

Employee Job Class LI 31-31
Department Code 11 32-32
Acti vi ty Code 12 33-34
Pace Factor 12 35-36
Prep Factor 11 37-37

*See Appendix A for complete definitions and numerical designations .
**If more than one food service worker was observed at the same time(time of observation), additi onal employee observation data (jobclass , dept., etc.) would appear on the same data card . The datawould have the same format indicateti above with job class beginningin column 39, 47, 55, 63 or 71.



TABLE C-2
DATA CARD FORMAT FOR #649 AND #694

INFORMATION* FORMAT COLUMNS
Dining Hal l Number 12 1_ 2

Date Code 16 4-9
Day Code 11 11-11
Observer Code 1? 13-14
Time of Observation 14 16-19

EMPLOYEE OBSERVAT ION DATA**

Employee Job Class 11 21-21
Department Code 11 22-22
Activity Code 12 23-24
Pace Factor 12 25-26
Preo Factor ii 27-27

*See Appendix A for complete definitions and numerical designati ons .
**jf more than one food service worker was observed at the same time

(time of observation), additional em ployee observation data (jobclass , Dept., etc.) woul d appear on the same data card . The data
would have the same format indicated above wi th job class beginning
in column 28, 35, 42, 49, 56, 63, or 70.



IABL.II C-3
DATA CARD FORMAT FOR NI V IIAI I

INFO RMATION* F ORP1AT COLUMNS

Dining Hall Number 1? 1-2
Date Code 16 3-8
Day Code 11 9-9
Observer Code 12 10-11
Time of Observation 14 13-16

EMPLOYEE OBSERVATION DATA**

Employee Job Class Ii 18-18
Department Code Ii 19-19
Activity Code 12 20-21
Pace Factor 12 22-23
Prep Factor Ii 24-24

*See Appendi x A for complete defini tions and numerical designations.

**If more than one food service worker was observed at the same time
(time of observation), additional employee observation data (job
class , Dept., etc.) would appear on the same data card . The data
would have the same format indicated above with job class beginnin g
in column 25, 32, 39, 46, 53, 60, 67, or 74.
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WORKER ACTIVITY (%) FOR COOKS AND KPS
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WORKER ACTIVITY (%) FOR TYPE OF WORKER
DURING WORK PERIOD S--WEEKDAYS

WORK PERIOD: BEFORE BREAKFAST

WORKER DINING WORK ACTIViTY
HALL PREP SERVE SAN SUPPLY ~tIPER NPROD

PlAIN 10.5 6.3 4.2 0 0 78.9

il649 58.4 9.4 3.7 0 .2 28.3

COOK #694 23.0 28.2 5.0 1.1 15.2 27.4

NE? HALL 60.3 6..8 3.4 .9 3.8 24.8

ALERT 72.0 8.6 4.3 0 8.6 6.5

KP NEY HALL 8.4 27.1 5.6 1.1 3.3 54.4

WORK PERIOD : BREAKFAST

WORKER DINING WORKER ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

MAIN 40.5 10.3 3.0 2.6 11.6 32.0

#649 42.4 22.8 3.4 .2 2.3 29.0

COOK #694 28.5 23.7 3.6 .9 5.2 38•1

NE? HALL 55.9 5.9 4.3 .3 3.1 305

ALERT 38.6 33.9 2.2 2.8 5.8 16.8

MAIN 12.6 12.3 47.1 .3 .8 26.9

#649 .6 .6 72.3 1.0 .6 24.9

KP #694 1.3 2.4 56.4 .9 2.2 36.8

NE? HALL 6.5 31.5 39.1 0 1.2 21.5

ALERT 0 8.3 65.4 0 0 26.3



WORKER ACTIVITY (‘~) FOR TYPE or WOR KER

i)I1RINfl WORK PIRIODS - -W EF KI )AY

W(~~k Pt ~ I 01) : [
~Rl AK I AS T — I I  INCH

WORK ER P1 NING WO R K AC1 I V I  I V
MAE I. PRLP SI RV E SAN ‘1 IPPI V ~IiI i R NI’ROI)

MAIN 21.4 3.5 10.2 1.7 8.8 54. 4

*649 36.5 9.7 8.6 L6 5.0 38.6

COOK #694 40.3 3.2 7.5 4.0 9.1) 36.0

NE? HALL 47.9 1.3 3.2 .4 3.1 44.1

ALERT 56.1 2.9 3.9 3.9 6.7 24.6

MAIN 3.4 2.0 63.0 A 1.5 29.8

#649 3 1.1 68.2 3.5 .4 26.6

KP #694 1.6 3.1 50.9 1.6 12.3 30.5

NE? HALL 12.0 6.5 36.4 .2 2.9 42.0

ALERT 10.3 3.8 49.5 0 1.9 34.5

WORK PERIOD : LUNCH

WORKER DINING WORK ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

MAIN 21.8 29.9 3.4 1.9 8.0 35.0

#649 28.0 21.7 5.1 1.6 3.9 39.8

COOK #694 15.4 27.3 5.6 2i 6.7 42.9

NE? HALL 43.6 2.3 12.1 .6 4.6 36.8

ALERT 29.0 39.7
_— 

5 . 6  .3  9 . 7  1 5 . 7

MAIN 7.2 12.1 51.5 .1 .7 28.3

#649 .7 .9 64.6 .9 1.3 31.5

KP #694 1.9 2.3 51.3 Li 7.8 35.7

NE? HALL 5.4 33.7 32.6 .1 2.3 25.9

ALERT 15.6 7.4 53.9 0 1.3 21.8



WORKER ACTIVITY (
~

) FOR TYPE 01 WORKERS
DURING WORK PERIODS- -WEEKDAYS

WO Rk PERIOD: LUNCH-DINNER

WORKER DINING WORK ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

MAIN 23.7 13.2 5.6 .9 8.8 47.8

#649 30 .7 8 .4 4.3 1.6 7.6 47.4

COOK #694 34.4 3.8 5.3 1.2 8.1 47.3

NE? HALL 45.3 1.9 5.1 .9 3.2 43.6

ALERT _36.8 6.8 7.1 1.1 8.3 39.8

MAIN 16.3 4.4 48.6 0 1.5 29 .3

#649 12.2 1.0 47.3 .4 2.1 37.1

KP #694 19.4 1.2 40.4 .1 7.5 31.4

NE? HALL 15.2 3.5 44.9 .1 2.2 34.0

ALERT 7.5 0 55.1 0 0 37.4

WORK PERIOD : DINNER

WORKER DINING WORK ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

MAIN 19.2 25 .2  3 .1  0 6 . 1  46.3

#649 6.3 33.7 8.7 .7 4.5 46.2

COOK #694 7.5 30.2 11.0 .2 5.2 45.9

NE? HALL 39.6 5.8 9.8 .3 4 .6 40.1

ALERT 9.4 61.2 15.3 0 3.5 10.6

MAIN 5.5 13.0 46.8 0 .9 34.0

#649 4 .1 1.7 66 .5 0 .8 26 .8

KP #694 2.6 1.6 50.7 0 .1 44.9

NEY HALL 5.4 33.7 34.1 .1 1.5 25.1

ALERT 3.1 19.1 68.0 0 0 9.8



WORKE R ACTI VITY (
~~) lOW TYPE OF WORKL R

DURING WORK PERIODS--WEEKDAYS

WORK PERIOD : AFTER DINNER

WORKER DINING WORK ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

MAIN 2.0 4.5 59.8 .5 .2 33.0

#649 0 1.3 84.4 0 .3 14.0KP
#694 0 0 87.9 0 .4 11.7

P4EV HALL .8 3.7 79.7 .2 1.0 14.7



WORKER ACTIVITY (%) FOR TYPE OF W ORKER
DURING WORK PERIODS--WEEKENDS

WORK PERIOD: BEFORE BREAKFAST

WORKER DINING IJORK ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

MAIN 7.0 9.3 2.3 0 11.6 69.8

p649 38 .6 27 .6 .7 .7 8.3 24.1
COO K

#694 25.6 33.6 .8 0 13.6 26.4

NE? HALL 52.1 10.3 .9 1.9 1.4 33.3

KP P4EV HALL 11.4 13.2 4 .7 .2 3.3 67.1

WORK PERIOD: BREAKFAST

WORKER DINING WORKER ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

MAIN 39.6 9.0 3.0 .8 2.4 45 .1

#649 46.1 19.7 4.7 0 2.7 26.7
COOK #694 39.9 16.7 2.6 .9 9.9 30.0

NE? HALL 56.5 5.4 1.8 .3 1.6 34.4

ALERT 45.4 45.9 .5 2.1 4.6 1.5

MAIN 6.2 2.9 49.4 .9 .9 39.8

#649 .2 .2 57.8 1.2 0 40.5

#694 0 2.2 52.8 1.4 1.2 42.4

NE? HALL 12.6 17.6 28.2 0 1.5 40.0

ALERT 22.7 12.1 47.8 0 1.0 16.4



WORKER ACTIVITY (%) FOR TYPE OF WORKER

DURING WORK PERIODS--WEEKENDS

WORK PERI OD: LUNCH

WORKER DINING WORK ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

MAIN 15.9 35.4 3.4 .8 2.9 41.6

#649 34.6 26.4 7.3 .1 3.2 28.2
COOK

#694 21.! 25.3 4.2 .8 4.2 44.5

NEY HALL 56 .8 4 .9 2. 9 .4 1.2 33.8

£IAIN 6.0 6.4 51.0 .1 1.4 35.1

#649 .1 .6 60.2 .6 .1 38.3
KP

#694 0 1.7 61.3 .4 2.0 34.6

NE? XALL 4.8 23.5 31.6 .1 1.7 38.3

WORK PERIOD : LUNCH-DINNER

WORKER DINING W ORK ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

PlAIN 15.9 2.3 6.8 0 6.8 68.2

#649 25.1 7.0 8.8 0 4.4 54.7
COOK

#694 33.8 10.9 4.3 0 1.5 49.5

NE? HALL 40.6 1.1 3.5 .1 3.1 51.4

MAIN 0 5.5 60.2 0 0 34.4

#649 0 0 59.7 0 .3 40.0
KP

#694 0 .3 51.5 0 .5 47.7

NE? HALL 10.8 3.6 50.2 .2 1.9 33.5



WORKER ACTIVITY (~ ) FOR TYPE OF WORK ER

DURING WORK PERIODS--WEEKENDS

WORK PERIOD: DINNER

WORKER DINING WORK ACTIVITY
HALL PREP SERVE SAN SUPPLY SUPER NPROD

#649 10.7 25.3 11.4 0 3.0 49 .6

COOK #694 10.9 27.7 3.7 .4 39.0 48.4

NEY HALL 41.9 1.4 19.4 .5 2.3 34.7

#649 0 .2 57.3 0 1.4 41.2

KP #694 0 2.1 54.1 .7 1.2 41.9

NE? HALL 2.9 32.8 38.6 .1 1.5 24 .2

WORK PERIOD: AFTER DINNER

WORKER DINING
HALL PREP SERVE SAN SUPPLY SUPER NPROD

KP NE? HALL .2 2.3 78.8 0 1.3 17.3



APPENDIX E
INTERNAL VALIDATI ON OF MODEL :

COMPARISON OF PREDICTED AND OBSERVE D TEMP VALUES



TABLE E- 1

MODEL Ml PREDICTIVE RESULTS VS OBSERVED

TEMP FOR COOKS ON WEEKDAYS
DURING SERVING PERIODS

PREDICTED *

MIN AVG NO R .T. R .T. MAX

MAIN:

Breakfast 4.56 5.03 3.56 4 5.37

Lunch 5.38 6.23 7 .36 7 6.82
Dinner 3.32 3.73 4.12 4 4.35

#649:

Brea kfast 5.40 7 .99 7.13 7 10.69
Lunch 9.09 11.83 11.43 11 14.49
Dinner 4.42 6.28 4.76 5 7.79

#694:
Breakfast 6.16 7.03 7.15 7 8.29

Lunch 9.36 11.80 12.45 12 14.18
Dinner 4.67 5.83 4.94 5 7.64

NE? HALL:

Breakfast 4.71 6.20 6.70 7 7.00

Lunch 5.73 9.07 8.78 9 11.77
Dinner 2.44 3.85 4.36 5 5.83

ALERT :

Breakfast 1.86 2.48 3.46 4 2.90
Lunch 1.80 2.68 3.21 3 3 .00
Dinner 1.00 1.27 3.09 3 1.74

*N0 R.T.: decimal result from predictive equation
RT: integer result using “Fractiona l Manpower Cutoffs for Computing Military

Standards ” [16]



TARLE F- ?

MODEL M2 PREDICTIVE RESULTS VS OLISERVED

TEMP FOR COOKS ON WEEKEND S
DURING SERVING PERIODS

PREDICTED *
MIS AVG NO R .T. R.T. MAX

5 ,

Bred ’~~~ 3.00 3.19 2.44 3 3.50

4 4

~~~~ ‘as 4 5.00 5.07 5 5.39

3.67 4.60 4.94 5 5.08
Dinner 3.63 4.38 4.37 5 5.03

#694:
Brea~~ 1 t 4.97 5.39 5.11 5 5 7 9
[ unch 4.75 5.13 5.14 5 5.36

Din ner 3.37 4.56 4.47 5 5.44

NEY HALL:
Brea k fast 3. 73 4.34 4.4 5 5 4.80
Lunch 5.26 5.88 5 .90 6 6.81
Dinner 2.53 2.77 2.69 3 2.89

ALERT :

Breakfast 1.0 1.43 1.93 2 1.88

*NO R.T .: decimal result from predictive equation
RT: integer results using “Fractional Manpower Cutoffs for Computing Military

Standards ” [16]



TABLE E-3

MODEL M3 PREDICTED RESULTS VS OBSERVED

TEMP FOR COOKS ON WEEKDAYS
DURING NON-SERVING PERIODS

PREOICTED*
MIN AVG NO R.T. R.T. MAX

MAIN:
Before Breakfast 1.67 2.63 3.73 4 4 .00
Breakfast-Lunch 4.38 5.26 8.13 8 5.58
Lunch-Dinner 3.51 4.10 4.37 5 4.74

#649:
Before Breakfast 3.58 4.85 3.82 4 6.67
Breakfast-Lunch 6.38 9.60 9.02 9 12.57
Lunch—D inner 7.23 8.87 7.58 8 10.91

#694:

Before Breakfast 3.80 4.84 4.50 5 5.73
Breakfast—Lunch 6.33 8.94 8.89 9 11 .71
Lunch-Dinner 4.61 7.85 6.73 7 11.18

NE? HALL :

Before Breakfast 4.83 6.83 7.93 8 7.83

Breakfast-Lunch 4.10 6.41 7.46 7 9.13
Lunch-Dinner 3.10 4.80 5.39 6 6.08

ALERT :

Before Breakfast 1.00 1.51 1.10 1 2.22
Breakfast-Lunch 1.93 2.51 2.47 2 3.00
Lunch-Dinner .93 2.01 2.40 2 2.44

*N0 R.T.: decima l result from predictive equation
RI: integer result using “Fractiona l Manpower Cutoffs for Computing Mil itary

Standards” [16]



TABLE E-5

MODEL MS PREDICTIVE RESULTS VS OBSERVED

TEMP FOR K.P. ON WEEKDAYS
DURING SERVING PERIODS

PREDICTED*
MIN AVG NO R.T. R.T. MAX

MAIN:

Breakfast 2.22 5.64 5.92 6 6.51
Lunch 8.54 9.53 8.16 8 10.77
Dinner 4.86 5.95 6.88 7 6.72

#649:
Breakfast 4.00 4.90 4.05 4 5.53
Lunch 5.96 6.73 6.14 6 7.27
Dinner 3.58 5.70 5.64 6 7.88

#694:
Breakfast 3.78 4.96 5.54 6 5.84
Lunch 6.18 7.22 7.60 8 9.42
Dinner 5.00 5.82 6.14 6 6.88

NE? HALL:

Breakfast 13.21 15.76 15.59 15 18.63
Lunch 15.73 18.10 17.94 17 20.50
Dinner 10.33 14.20 14.20 14 16.21

ALERT :
Breakfast 1.00 1.38 1.60 2 2.00
Lunch 1.93 2.69 3.26 4 3 .38
Dinner 1.63 1.87 2.73 3 2.00

*N0 R.T.: decimal result from predictive equation
RI: integer result using “Fractional Manpower Cutoffs for Computinq Military

Standards ” [16]



TABLE [-6

MODEL M6 PREDICTIVE RESULTS VS OBSERVED

TEMP FOR KP ON WEEKENDS
DURING SERVING PERIODS

PREDICTED*
MIN AV G NO R.T. R.T. MAX

MAIN:
Breakfast 3.78 3.91 4.52 5 4.05

#649:
Breakfast 3.07 3.38 4.13 4 3.87
Lunch 3.86 4.51 4.61 5 4.89
Dinner 4.08 4.75 4.95 5 5.83

#694:

Breakfast 3.67 4.02 4.31 4 4.87
Lunch 4.61 4.96 5.40 6 5.47
Dinner 4.75 5.34 5.47 6 5.79

NE? HALL:
Breakfast 12.03 13.44 12.63 12 14.30
Lunch 12.30 14.60 13.93 13 15.59
Dinner 13.88 14.98 15.19 15 15.92

ALERT :
Breakfast 2.16 2.90 2.91 3 3.33

*NO R.T.: decimal result from predictive equation
RI: integer result using “Fractiona l Manpower Cutoffs for Computing Military

Standards ” [16]



TABLE E~ 7

MODEL M7 PREDICTIV [ RESUI [S VS OBSERVED

TEMP FOR KP ON WEEKDAYS
DURING NON-SERVING PERIODS

PREDICTED*
PUN AVG NO R.T. R.T . MAX

MAIN:

Before Breakfast -- -- --
Breakfast-Lunch 5.84 6.35 5.18 . 5 6.79
Lunch-D inner 5.22 5.98 7.80 8 6.81

After Dinner 5.33 6.12 6.53 7 7.00

#649:
Before Breakfast -- -- --

Breakfast-Lunch 5.71 6.65 5.32 5 7.57
Lunch-Dinner 4.94 6.20 7.39 7 7.90
After Dinner 5.17 6.77 6.50 7 8.00

#694:
Before Breakfast -- -- --
Breakfast-Lunch 6.52 7.91 6.40 6 8.57
Lunch-Dinner 6.22 7.13 8.43 8 8.91
After Dinner 4.92 6.19 6.99 7 7.83

NE? HALL:
Breakfast-Lunch 14.933 16.93 13.53 13 20.27
Lunch-Dinner 12.17 14.38 15.45 15 16.79

After Dinner 9.67 14.39 11.77 11 20.08

ALERT :

Breakfast-Lunch 1.13 1.54 2.50 3 2.37
Lunch—Dinner 1.11 1.68 2.96 3 2.1

*NO R.T .: decima l result from predictive equation
RI: integer result using “Fractional Manpower Cutoffs for Computing Military

Standards [16]



TABLE E-8

MODEL M8 PREDICTIVE RESULTS VS OBSER VED

TEMP FOR KP ON WEEKENDS
DURING NON-SERVING PERIODS

PREDICTED*

MIN AVG NO R.T. R.T. MAX

~649:
Lunch-D inner 3.89 4.51 4.80 5 5.44
After Dinner 4.42 5.02 5.11 5 6.00

#694:

Lunch—Dinner 4.83 4.92 5.51 6 5.06
After Dinner 4.33 5.20 5.58 6 5.83

NE? HALL:
Lunch-Dinner 10.72 13.29 13.19 13 16.50
After Dinner 14.11 14.78 14.33 14 15.33

MAIN: This model is not applicable since the non-serving periods are less than
one-half hour in duration .

*NO R.T.: decima l result from predictive equation
RI: integer result using “Fractional Manpower Cutoffs for Computing Military

Standards [161



APPENDIX F

PRINTED OUTPUT FROM SUBPROGRAM REGRESSION:
STATISTICAL SIGNIFICANCE OF WORKLOAD FACTORS

AND PREDICTIVE MODELS



The outøut is divided into two basic parts : (1) step-by-step
resul ts and (2) a summary table. The first part provides relevant
statistical i nformation for each regression equation calculated at
each step of the forward stepwise inclusion. The suninary table is printed
after the final step in the analysis and provides a brief synopsis of
changes occurring at each step. The complete output from the regression
subprogram for Model 6 is shown in Tabl es F-i and F-2. The “final step”
and summary table for the other five models are shown in Tabl es F-3 to
F-7.

Step by Steo

Each step-by-step section is headed with the step number and the work
load factor entered on the current step. Immediately below the heading
is a statistical sumary of the entire prediction equation . Statistics
listed on the left side are (1) the multiple correl ation coefficient
(MULTIPLE R), (2) the coefficient of determi nation (R SQUARE), (3) the
standard error of estimate for the prediction equation (STD DEVIATION),
and (4) the coefficient of variability . On the right side is an ANOVA table
which represents all of the information relevant to a test for R2, the
overall F test for goodness of fit of the regression eauation. The cal-
culated overall F value in step 1 of Table F-i is 188.O062~ at a levelof significance better than .0005. Therefore, it would be concluded
that it is highly unlikely that the sampling data was drawn from a
population in which multipl e R=O.

Below the foregoing information , the step-by-step output is divided
into subsections l abelled VARIABLES IN THE EQUATION and VARIABLES NOT IN
THE EQUATION. Wi thin the former, regression statistics are given for all
work load factors entered into the predictive equation up to and including
the current step. The regression coefficients are listed under the column
head B. The last value in this column , label l ed (CONSTANT) is the TEMP
intercept. The column labelled STD ERROR B contains the standard errors
for each of the regression coefficients . The F ratios and associated
levels of significance shown in column labelled F are used in tests of
significance for the individual B’s wi th 1 and N-K-i (N--the number of
data points , K--number of work load factors in the predictive equation)
degrees of freedom. The calculated F value shown in step 1 of Tabl e F-i
for the constant (3.1952610) is 108.57708 at a l evel of signifi cance
better than .0005. Therefore, it would be concluded that it is highly
unlikely the constant is equal to zero in the population .

Work load factors that have not been entered into the predictive
equation are treated in the VARIABLES NOT IN segment. Under the col umn
heading PARTIAL is the partial-correlation coefficient for each work load
factor wi th TEMP, after work load factors already in the equation have
been partlalled out. The column labelled TOLERANCE indicates the pro-
portion of the variance of that work load factor not explained by the
factors already In the equation. The tol erance index has a possible
range of 0 to 1. A tolerance of 0 would indicate that a given factor
is a perfect linear combination of other factors . A tolerance of 1.0 would
indicate that the factor is uncorrelated wi th the other factors . The
tolerance for KPUSE in step 1 of Table F-i (.84622) indicates that 84.F22% of



the variance of this factor is unexplained by predictors (other factors)already In the equation . Under the column F si gnifi canc e Is the Frati o for a given facto r that would be obtained if that factor wer e broughtin on the very next step . The F rati o for KPUSE i s 49 .341534 at a level ofsIqnfftcsn ce better than .0005.

Siiiina ry Table

The slaPi.ry tab le section of the output Includ es info rmation abouteach work load f*ctor entered in the predictive equation. It shows thevalue of R and R’ at each step in the analysis , as wel l as the R’ chan geresulting at each successive step. The F ratio of the factor when f t enteredthe equation and the overall F value of the factor In the final equationalong wi th the associated level s of signifi cance are also included .



GLOSSARY OF SYMBOLS

USED IN COMPUTE R PROGRA M

SYMBOL MEANING

HR Hours in a work period

MEALS Number of meals served

MFACT Meal Factor

KPUSE KP Utilizati on

HRKU HR KPUSE

MEHR MEALS •HR

MFKU MFACT KPUSE

MFME MFACT .MEALS

MEMEHR MFACT~ MEALS. HR

MFHRKU MFACT~HR~KPUSE

MEHRKU MEALS . HR . KPUSE

MFMEKU MFACT •MEALS~ KPUSE
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