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Introduct ion

The status report which follows describes the accomplishments and
activities supported by NASA-Ames Grant 2036 (principal investigator
~A. V. Bruno) during the period February-August 1975. The members of
the project team include M. K. Bohman, J. L. Hall, J. K. Leideci.er,

Z. L. Vancura, N. F. Pohl, and S. W. Blandin.

Purgnse

The research activities described on the following pages have as a
common purpose, the investigation of procurement activities at the NASA-
Ames Research Center. The procurement process because of its traditional

complexity encompasses a rather broad set of functional activities within
NASA-Ames. The level of complexity and its far-reaching Implications
necessitated the partitioning of the research effort into the following
activities: '

Section 1. Simulation of the Procurement Cycle

Section 2. Construction of a Performance Evaluation Model

Sectfon 3. Examination of Employee Development Procedures and
Review of Evaluation Criteria for Divisional and

individual Performance Evaluation,

Section 4, Determination of the Influences and Apparent Impact
of Contract Type and Structure

Section 5. Development of a Management Control System for Planning
' and Controlling Manpower Requiraments

Each of these research tracks will now be discussed in greater detall.

Note: Al) tables, exhibits, and figures referenced below have not been
~ TIncluded in the body of this interim report. Copies of the omitted materials
will be sent upon request. In addition, ‘these materials will be- included in
the flnai report for this pr0|ect.



Section 1

Simulation of the Procurement Cycle



I.

Section 1

Simulation of the Procurement Cycle

Overview

This project is concerned with developing a Monte Carlo simulation of the
procurement cycle &t ARC. At this point the flow of PR's has been simu-
lated up to log-in, volume/time indices have been developed to assess PR
inflow fluctuation, day-by-day PR arrivals have been simulated, and the
progress of PR's of a certain category are being monitored during the pro-
curement cycle. In the future, efforts will be made to improve and

consol idate the contents of the special ReED flow simulation, as well as to
develop similar models for the cther branches of the Procurement Division.
It is expected that the output generated by the finalized versicns of these
models will be helpful in evaluating the overall performances of the indi-
vidual branches within Procurement. This effort should also help locate
the existing strengths and weaknesses (processing inefficiencies or under-
staffed conditions) in Procurement operations. When altefnative procurement
policies are under consideration this simulation could be used to test and
compare them to help determine the optimal cheice.

Activities Report

A, Accomplishments to date

(I) The processing and routing of purchase requests by the
Procurement Control Unit has been simulated up to the
point when the requests are Jogged in by Procurement.
(Ref NASA 1A below!)

(2) The sorting of purchase requests reaching Procurement
and their ldentification with individual zategories has
been simulated on the basis of a dual branch system.
(Ref NASA 1B below)

(3) Volume/time indices have been developed to measure the
observed fiuctuations in the flow of incomnng purchase
requests during a year.

(Ref NASA 1C below)

(4} A simulation model has been developed to generate the
~ number of purchase requests enterlng Procurement, day
by day.
(Ref NASA 2 below)

(5) For the category of commercial orders in excess of $10, 000
that have to be formally advertised, a simulation model '
‘has been developed to monitor their progress during the
procurement cycle.
{Ref NASA 3 below)



NASA 1A

The basis for NASA 1A simulation is a flow chart shown in
EXHIBIT1-1., This chart schematically describes what happens

to a purchase request submitted to the Procurement Control

Unit by some originating department. The attributes of each
purchase request are being checked on a number of points. The
purchase request Is then elther returned to the originator, if
deficiencies have been detected, or sent to another department,

if applicable, or forwarded to- the Procurement Division for
further processing.

A number of control activities appear on the flow chart. For

the purpose of designing a computer simulation model, | have
separated these activities by nodes that are described in EXHIBITI1-2,
Each individual actlivity is then identified in terms of its begin-
ning and ending nodes as shown in EXH!BIT 1-3.

The flow chart In EXHIBITEY also contains probabilistic estimates,
For example, the probabiilty that a randomly selected puréhase
request Is for capital equipment has been Judged to be 0.05; the
probability that funds are not available for a purchase is shown
as 0.02; etc. These probabilities are associated with the node-
designations from EXHiBIT12 and summarized in EXHIBIT 1-4,

The flrst part of the computer program shown in EXHIBIT15 processes
the purchase requests recelved by the Procurement Control Unit,

in chronological order, and routes each of them through a sequence
of nodes. Any number of incoming purchase requests may be pro-
cessed, The output describes the path for each individual

purchase request by listing the sequence of node designations

it has reached. A sample output is provided in EXHIBIT 1-6.

NASA 1B

‘The classification scheme used in the sorting model pertains

to the purchase requests previously examined and passed on by
the Procurement Contrel Unit to enter Procurement. The basis.
for this classification system Is a chart shown in EXHIBIT1~7.
This chart establishes order categories using a dual branching
system. For example, the first fork in the chart separates all
modifications to the existing purchase orders from new procure-
ment; the second fork splits all new procurement, in turn, into
. a group of grants and consortia, and another stratum containing

all other purchase orders, etc.

As a result, 20 distinect categories have been established.

Any purchase request entering the system should fall within

one {and only one) category. Each category has been assigned
_u number; shown on the right-hand column on the chart, that
extends the node designation system of the previously discussed
routing model, These model: may be processed sequentially.



The branching points are denoted on the chart by circled
numbers. At each branching point a pair of probability

values is shown. Those are subjectively estimated, condi-
tional probabilities. For example, nearly 90% of all incoming
purchase requests are judged to be for new procurement; a
lTittle more than 40% of large commercial orders are to be
formally advertised; etc. Past experience has been used, in
part, to aid in assessing the probabitities.

The second part of the program shown in EXHIBITYS sorts the
purchese requests entering the Procurement Division and
assigns them to one of the 20 existing categories. Any
number of consecutive purchase requests may be processed.
For each incoming purchase request, the output lists the
‘sequence of branching points through which it has been

sorted and 1ts category number. A sample output is repro-
duced in EXHIBIT 1-8. ' :

NASA 1C

Since it is known that the intensity of order inflow varies not
_only from category to category, but aiso from month to month
within each classification, it is desirable to measure, and
"account for, these fluctuations explicitly in a model. Fer
this purpose, volume/time -indices have been developed.

Information In regard to the actual volume of purchase requests
received by Procurement during the period July, 1969, thru
February, 1975, has been retrieved from available NASA files.
These data are shown in EXHIBIT1~9. No break-down by categories
seems to be available at this time. :

In the absence of any marked trend in either direction, and

on the assumption that no significant differences exist in

the relative velume fluctuations among varlious categories,

the index values for the individual months have been calculated
and applied to all categories alike. The results are summarized
in EXHIBIT 1-10. The ramarkable gap occurring between the June
and July index levels is apparently due to the replacement of
the old budget by a new one at the beginning of a fiscal year.

NASA 2

As stated above, this model simulates the volume of purchase
requests entering the Procurement Division. The model design
calls for the resolution of a number of issues:

- Should the volume be s:mulated dally,--
weekly, or on some other basis?

How many categories should be included
in the model? - = _ .



What are the characteristics of the
random process that generates purchase
requests?

What specific techniques and procedures
should be used to duplicate the output
of this process?

1 have decided to carry out the simulation on a ‘daily basis since
probably too much information would be lost by using a longer

period of time. A business day, rather than a calendar day,

has been chosen as the smallest unit for measuring time. Saturdays,
Sundays, and holidays do not affect the normal working of the system,
and are left out of consideration,

0f the total 20 classifications established in NASA 1B, | have
selected 6 most Important categories and lumped together the
remaining 14 to form a seventh group. The criteria used in
judging the relative importance of an individual category involve
its historial volume and its estimated annual dollar value. The
seven ""new" categories are used in this model. Thelir description
“and identification with the designations used in NASA 18 is pro-
vided in EXHiBIT1-11. It may be observed that some of the cate-
gories that have been excluded iIn the curvrent model involve as
few as § purchase requests per vyear.

The character of the random process generating purchase requests
- may be considered to be Poisson.* The critical requirement of
independence appears to be reasonably satisfied by the actual
process characteristics: the individual requests are originated
in different departments and submitted as needs arise. |f we
substitute a business day for the unit of space, a number of
incoming purchase requests for the number of 'Successes', and

an expected flow stream for the process intensity, we can use
Poisson probabilities for the purpose of simulation.

*Generally, the Poisson p?Scess produces a number of "successes' in -
consecutive unlts of space in accordance with an explicit probability

rule. The Poisson probability of achieving r "successes' per unit of
" space is defined as

where m is a parameter measuring the intensity of the process per unit
- of space. One of the important characteristics of the Poisson process
is that the probability rule remains unchanged throughout the duration’
of the process. This carries with it the implication that the number
of successes achieved in any unit of space does not depend on the out-
. comes. prevuously recorded -



This feature has been actually incorporated in the model
construction in a modified form. Since the expected number
of incoming purchase requests is not time invariant and
the volume atso varies with various categories, a matrix

of Poisson parameters, insteadof a single one, has been .
used to design the input structure. The simulating procedure"
itself uses the usual Monte Carlo technique.

In many studies based on the use of Polsson probabilities,
the usual procedure is to approximate the function by

some other theoretical distribution that is "faster! or

more convenience to work with; If this is done, inaccuracies
are often introduced, successively accumulated, and carried
over into the simulated results, The computer program
prepared for the model actually calculates al'! cumulative
Poisson probabilities needed to simulate a value and iterates
this cycle 1757 times to produce the annual output {7) cate-
gories X 251 business days per year = 1757 iterations).

The listing of the computer program appears. in EXHIBIT 1~12,

and sample output covering the period of forty (40) bus!ness
days is shown in EXHIBIT 1-13.

NASA 3

There is a strong conceptual affinity between the processing
of orders during the procurement cycle and many inventory
control and manufacturing operatiens. The movement of
unfinished products on an assembly line may serve as an
example. A generalized description of the process involves

a mass of objects moving at some variable speed along a line -
and successively passing a set of dsstlnct points until the
last element of the set is reached., -~ In the procurement cyc!e,
the objects are the purchase requests, the points are the
milestones, and the speed of the movement is given by the
time needed to complete a particular activity between a pair
of consecutive milestones; the last element of the set of
points corresponds tu an award. The preblem is to describe
the state of the system by simulating the changing volume

- of orders reaching Indlvidual milestones.



The preliminary design of the model uses only one category of purchase
requests for the sake of simplicity. Category No. 6 (32.1 in the
classification model) has been chosen to experiment with because its
‘composition appears to be fairly homogeneous. This category includes’
commercial orders in excess of $10,000 that have to be formally adver-
tised.

The volume flow is monitored in the model on a daily basis
to insure detailed reporting of the progress of work accom-
plished toward the award stage.

The consecutiveé milestones are identified in the model
as follows:

Milestone ‘ v {dentification
.MO‘: Purchase request received by Procurement
M1 : Information available to suppdrt request
M2 Solicitation issued
M3 Proposals received
Mh Proposals evaluated

M5 - Contract awarded

Thls description Is in line with the current practice at NASA-ARC.
Because of the need to Identify the beginning of each activity .
in the cycle, milestone zero has been included. '

The time required to advance a purchase request or order from
a glven milestons to the next is subjectively estimated. The"
movement between milestones 2 and 3 i5 assumed to require a
fixed number of days as the prospective sellers usually face
a firm deadline for submitting prposals. The time necded to
complete other activities in the cyecle is represented by

- Normally distributed random variables. Standardized Normal
deviates are generated internally by a subroutine based

on the algorithm by Box and Muller.® - ’

*Box and Muller: A Note ofi ‘the Generation of Random.Normal Deviates, = -
Annals of Mathematical Statistics, Volume XXiX (1958), pages 610-611.




The following parameter values are currently used in the
model: ,

Between milestaone

Estimated '

parameter 0 and 1 1 and 2 2 and 3 3 and & b and 5
Mean 10 7 35 k 7

St. deviation 1.0 0.7 ] 0.4 0.7

A part of the input needed to process the order flow depends
on the daily number of purchase requests entering Procurement.
This information, which is obtained from the previously dis-
“cussed NASA 2 model, iIs stored on a file and subsequently

retrieved to register the volume temporarily accumulated
at milestone zero,

In simulating the system behavior, it is important to distinguish.
between two smoothly connected time phases covering the output
span. The first phase starts with the sYstem inftiation. The
number of purchase requests in the system is set to zero at the
beginning of day one, and some time must be allowed to pass for
the memory of +the starting conditions to be forgotten. The second
phase pertairs to a going system. With the approach of this
phase, a dyramic equilibrium begins to emerge. Accordingly, the
model desiyn allows one year to elapse before the transition to
actual simulatien takes place. (The situation is comparable to

starting a car and drlvlng it in low gear before it attains a
reasonable speed.)

The output provides the following iInformaticn for any desired
period of time:

(1} the acqu15|trﬂn status at the begtnning
- of a given besiness day;

{2) the cumulative number of awards at the
beginning of a given business day;

(3) the number of purchase requests or orders
that have advanced to the next milestone
during a given busnness day,

(4) -the number of contracts awarded durlng
- g:ven busnness day. :



An output sample covering a period of five (5) days is

shown in EXHIBIT 1=14. As explained above, the acquisition

status and the movements of purchase requests through the

system are shown after the pre-simulation phase has been

completed. Accordingly, the actual simulation starts with

business day 252 when the number of cumulative awards is
reset to zero.

The figures shown in EXHiIBIT l4are to be interpreted
as follows:

At the beginning of day 252, there are 3B purchase requests
or orders in the system. Seven of them have reachzd mile-
stone zero, but not yet milestone one; two of them have
reached milestone one, but not yet milestone two; twenty~-
three of them have reached milestone two, but not yet mile-
stone three, etc. In reporting the acquisition status, the
figures give a distribution of requests and orders among
different milestones. Similar Iinformation is given at the
beginning of business days 253 thru 256. The purchase
orders that have reached milestone five represent awards.
The number of awards is being cumulated in the column headed
M5. It may be seen that a total of four contracts have been
awarded as of the beginning of day 256,

The intra-day movements of purchase requests and orders are
simulated to determine the acquisition status at the beginning
of the next day. For example, during day 252 two purchase
requests have reached milestone zero and two have advanced
from milestone zero to milestone one; as a result, there

are still seven purchase requests at milestone zero at the
beginning of day 253 (i.e., 7+2-2=7); during day 254, three
purchase requests have advanced from milestone zero to mile~
stone one and two from milestone one to milestone two; there-
fore, there are five requests at milestone one at the beginning
of day 255 (i.e., 4+3-2=5), and so on.

A contract award takes place when a purchase order completes
the movement between milestones four and five. No contracts
have been awarded during day 252, two during the next day,
and one during each of the three following days.

Mork-in~Progress

The work in progress involves the development of a model
"whose purpose is to simulaté the processing of purchase .
requests and orders in the Research and Development Branch
~ of iiie Procurement Division. (Ref MASA 11 below)



NASA 11

The central concept underlying the structure of this model

is one of the svstem of flows described In the last paragraph
on page 5 of this report. This concept is applied to the
processing of all order categories handled by the Research
and Development Branch.

The numbering of individual categories has been tied in the
model to a recently developed general classification system
for the Procurement Division as a whoie. Thls system divides
all incoming purchase requests into two major groups, new
procurements and modifications, and each of these groups, in
turn, into a number of subgroups that are further stratified
by the estimated dollar value of the purchase requests and/or
by the type of processing required. This classification
scheme is shown in EXHIBIT 1-17.

As it appears from the examination of the columns headed
R & D, & C, and SYUPPLY in EXHIBIT k=17, each Procurement
Division Branch processes fewer than the 24 categories listed,
The Research and Development Branch does not handle categories
1,2,3,13,14,15,and 23, and these numbers have been, therefore,
left out of consideration in the model. The remaining cate-
gories, that do apply to Research and Development operations,
are numbered in the model exactly the same way as EXHIBI!T 1-17.
(l.e., 4,5,6,etc.). This should faciliate a contemplated
future integration of NASA 11 with models monitoring the
operations of the other branches.

The volume flow is simulated by the model on a daily or weekly
basis, as desired. This option should increase the flexibility
in using the model as a tool of administrative control. [ ¥ more
accurate and detalled forecast of the progress of the work
toward the award stage is desired, a dey-by-day simulation
should be used, as it usually is in short-term projections. If
rough estimates are adequate for some purposes of contrel,
weekly output may be preferred., |In choosing between the two
optiors one must not lose sight of the fact that the computer.
might need a considerably greater amount of time to simulate,
say, ‘@ year of operations if daily, rather than weekly, summarlies
are to be produced and printed. 1In the remaining portion of the
description of the NASA 11 model it will be assumed that the
model user desires weekly reports of the acqulisition status

and the volume flow.



The milestores successively reached by purchase requests
or orders are identified in the model as follows:

Milestone identification
MO Purchase request received by R & D
M1 Information available to support request
M2 Solicitation issued
M3 Proposals received
M4 Proposals evaluated
M5 Negotiations completed
M6 Contract awarded

These seven milestones are applicable to most of the categories
processed by the Research and Development Branch., There are a
few categories, however, with fewer milestones, For example,
milestone 2 logically does not apply to new and modified grant
requests and in those i{nstances where only a funding actiéon Is
required {categories 12, 24, and 22). In such cases where a
milestone is not applicable, it is simply ignored in the model,
but the general identification scheme shown above has been
preserved to insure a uniform processing format.

The model design calls for information processing in two
sequential time phases, pie-simulation and actual simulation.
As explained on page 7 of this report, the pre-simulation
phase is needed to initiate the flow system and develop it

to the point where it becomes a going system with a dynamic
equilibrium. From that time on, actual simulation carries on.

Both time phases require the following input:

{1} an estimate of the annual number of purchase
requests to be received by the R & B Branch,
broken down by categories;

(2) a forecast of time needed to advance a purchase
request or order from miiestone to milestone,
broken down by categories;

(3)  estimates that make it possible to quantify
‘ the degree of uncertainty associated with the
forecast in (2). :

The numerical input values currently entered in the model
are shown below. It should be pointed out that these data
represent very crude, temporary estimates that shall be
revised to make the simulation results meaningful.

i0



'Es;}mgted Annual Number of PR!S to enter the R & D Branch -
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Expected Time Needed to Advance a- Purchase Request '

or Order from Milestone to Mulestone
(VYRS estimates in calendar days)

Be;weeh .milestone

Category 0 ahd ] 1-énd 2 2 and 3- 3 and 4 hland 5 5 and 6

b 5 7 35 7 2. 2
5 5 1k 35 - 35 7 7
6 5 Y 63 35 14.. 7
7 5 k2 63 35 21 7

8 5 7 35 72 2

9 5 14 35 63 7 7

10 5 21 63 63 14 7

11 5 k2 L 63 .- 63 21 7
12 5 N/A N/A . 1h 7 7
16 5 7 35 7 2 2
17 5 7 35 7 2 2
18 5 7 35 7 2 2
19 5 Sk 35 35 7 7

20 5 21 63 35 14 7
21 5 ' I 63 3521 7
22 5 N/A N/A N/A NJA 2
24 5 ' 7

NZA N/A 14 7

' To quantify the uncertatnty about the estlmates, the time needed
to complete an activity in the cycle is considered to be Normally
distributed. This assumption has been retained from the NASA.3:
model because there are no objectively verifiable data to consult,
and there does not seem to be ‘any mere acceptable assumption to .
replace it. The degree of uncertainty is measured by the standard

- deviation of the Normal distribution. [lts values have been ...
tentatively estimated as follows:- h LT e e

 :“AJ2._ jg‘




_e¢fbeen set equai to zero. for those. categories where mliestone 3 applies.

Estimates of Standard Deviatioﬁ Vaiues
(A1] estimates in calendar days)
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_ The flow from m;lestone 2 to milestone 3 Is assumed to require”a
known. number of calendar days since the prospective.sellers.are

- bound to. meet a pre- determsned deadline for submitting proposals.' o

.'Therefore, the standard deviation in the corresponding coiumn has

.ijhe procedure used In the model to process the input involves e

number of repetitive weekly cycles or iterations. Each ;ycie-
.;;nchdes the foilowung operations. '

'7(1) produce the acquisition status at the beginning
~of the cycle;

VV(Z)f determine the number Of ineoming purchase requests;g”gﬁfj;?fff,

o (3) sert ‘these requests into individuai categoriesu1,;eﬁ"
,g(h) for each request,’ determine the time needed to. reach

successive miiestones up to and inciudnng the awarﬂ‘§t§g§;gygﬁf

*.;;13:.




{5) store the informatien obtained in (&)
for future use;

(6) if there are other purchase requests
or orders in the system, determine which
transfers should be effectéed during the-
current week and make appropriate changes
"in a flow table;

(7) produce the'end-of-Cycie acquisition status.

The exponential probability distribution has been used to help
determine the size of the volume flow entering the Research

and Developmeént Branch. To ascertain the number of incoming
purchase requests during a week, exponential random variates
measure the time elapsed from the receipt of the last request
to the next, and a running count of the volume influx is kept
until the end of the week. The method is consistent with the
discussion on page 4 of this report where the incoming purchase
requests have been identified as Polsson arrivals. Exponentially

distributed random variables ob Iate the need for calculating
Ponsson probabilities.

The time required to advance a burchase;request'or‘erder from a
milestone to the next !s determined with the ald of a subroutine
generating standardlized Normal deviates. The technique used is

'cenceptually tdentscal wsth the one dIscussed on page 6 of thls
report. :

The model output produces two interrelated tables for each week
of pre-simulation and simulation. The first table reports the
most recent acquis:tion status and the second shows the flows

of purchase requests and orders that have taken place during the
current week The computer program is Iisted ln EXHIBIT 16.

A sample computer pr:ntout covering one year of pre sumulation ‘
is attached in EXHIBiT1~18. Another printout simulating one year
of a go:ng system Is shown in EXHIBIT]rlQ.

The initial acqu15|tion status. table in the pre=~ slmuiation period
appears on the first page of EXHIBIT 1-18, It shows no purchase

requests or orders in the system. The system initiation begins._,_
in the first week when purchase requests start coming in. o

The flow rable for week one, displayed on the next page, reports
what has happened durlng the week._ . ‘ L

(a) a total of 28 purchase requests have been

received by the Research and Develepment
Branch R _

j(b)~'18 of these requests are in category TZ,Z ‘
: b in category 4, 2 in category 9, etc.; =

e mr e e At



(¢) of the 28 requests received, only 2 have
advanced to the next milestone, one In
category 5 and the other in category 17;

(d) no purchase requests have advanced beyond
milestone one.

Several blank entries may be observed in the flow table. For
example, for category 12 the numbers in columns labeled TO M1
and TO M2 are missing. As prevnousiy mentioned, milestones 1
~and 2 are not applicable in this instance, and a purchase request

reaching milestone zero shall eventually advance directly to
milestone 3.

The acqulsition status table as of the end of the first week is
presented on the same page. It shows the distribution of
purchase requests and orders in the system after all flows of
the week have been accounted for. The total number of purchase
requests and orders in the system is reported and broken down

by category deslignations. The progress of work toward the award
stage is likewise being tracked in the table.

An examination of the figures shows how a flow table relates two
successive acquisition status tables. For example, 17 purchase
requests are reported at milestone zero for category 17 in the
acqulsition status at the end of week 1. This figure has been
obtained by adding the corresponding number reported in the
immediately preceding acquisition status table to the volume
inflow to milestone zero during the first week, and subtracting
the Aumber transferred in that week to the rnext milestone (i.e.,

17=0+18-1). That relationship holds throughtout the pre-simulation
and simulation period.

With the passage of time, the volume of requests and orders in the
system increases and their distribution among the milestoies
achieves a reasonable degree of stability, although the flow and
~acquisition figures keep fluctuating. When this happens, there
is an indication that pre-simulation might have accomplished its
purpose. To be on the safe side, | deliberately extended the. .
pre=simulation phase to cover an entire year. At the end of
the 52nd week of pre~simulation, there are 274 purchase requests:
or orders in the system, as shown in the acquisition status
table, end of week 52, in EXHIBIT }-18.

As the transition to actual simulation takes place; the number -
- of awards is reset to zero for all categorles (see column M6,
acquisition status table, end of week 0, in EXHIBITI-19, but
all other entries in the table are left intact to . preserve the
proPertles of a going system, Many more simulation runs would

“be needed to obtain meannngful Statistical tnformation about they'
behavior of the system. S

s
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Section 2

Performance Evaluation Model

Overview

This project is concerned with the development of a performance
evaluation model for assessing a buyer's performance as well as for
candidate selection, performance correction, training, compensation,
promotion; discipline, and transfer. The basic Walsh PEM model serves
as a'prototfpe in this project.  Several changes are contemplated includ-
Ing an increase in the number of categories, a choice of indices over
ranks, and the need to explicitly include quality indices in the PEM.

The revised PEM should provide a planning tool to aid buyers in esti-
mating PO milestone and completion dates, should provide buyers and

" supervisors with information for workload scheduling, and should provide
both groups with a means of establishing clearly stated behavioral goals;

‘Need for a Work Scheduling System

" The problem, as defined in the original research proposal, called
‘for the development of a computer-based, quantitatively-oriented Work
Scheduling System {WSS). The intended purpose of such a system was to
facilitate manpower planﬁing and to determine appropriate staffing
levels for the Procurement Division.

The main cohsequenee of inadequate planning is the inability to
maintain & constant workload throughout the year. In the absence of
a plan which has been coordinated with the technical staff, there is
an inevitable work overload at the end of the fiscal year and a slack
period at its beginning. Professor Vancura (Simulation Tract) has docu-
mented the existence of the seasonality in proceésing PR's at ARC.
HeaVyrworkloads appear to occur during the months of February, May,
July (heaviest), August;~and_séptemper with "'slacks" occuring. in the
remaining months (especially June), *

~ #See Appendix Z-A, i'No., of PR's Logged in Procurement" and
."Volume/Time Indices.”
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'In various interviEQS'ﬁith proourement personuel,.it appears-theb,
while overloadlng is a very real problem, the so-called "slack" periods
actuelly resul‘ in only less of an overload Thsat is,ethere seems to be
unanimois agreement in Procurement ‘that the Division is simply overloaded, i.e.,
understafled. A report by the Chlef of the Procurement D1v1slon &ocuments thls
understafrlng problem from an Operatlng management pcrspectlve. Importantly,
this report does not ldentlfy the 1mplementatlon,of.e WSS as e poSsibie.
approach to the problem solution but rather concentrabes on the expansion of
the procurement personnel workforce, Such an approach (wbrch may , in pert,
ultimately be necessary) will_alleviate‘some of the pressures due to the
chronic understaffing and work‘overload but will do little or nothing toward
mitigating seasonal variability. Without an appropriate work scheduling system,
apparentoverlbads {and underloeads) will continue to 0oc¢r.

A natural consequence of work overload is that oertaln acthLtles tend
nto get slighted. Tor the Procurement Division, as a wbole, thero is some
evidence that the quality of procurement aetions may be suffering as a

. %
direct consequence of work overload.

Three recent organizabional changes, however, may be contributing
to the supposed work;dverlOad:'(l),the ereation‘of the AEO{s,-(a) ﬁhe_increese B
in size ane'activity of the review unit, and4(3)lthe inclnsion ofnoontrect
- administration info aﬂcontredting'officer‘s responsibil;ty, A detalled .
investigation of these changes is beyono the‘scebe-of'tbis researeb'trect;land'
the changes arébidentifieﬁyhere'only as a byaprodnct‘andxforffuaure maneéerrel
consideration. | |

151m§lemen Lng a Work quhedullng %"ruoq .

The operatlonal f6551blllﬁv of a work schedullng svstem rests on
four factors- -.-{-fa.be ._a~”

S : *Lloyu Walsh, “Studv of stafflng Problems wnfhln,the Procurement
,»»D1v181on together Wlth Proposcd Solutions“, Aprik 9, 19{5n
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(1) = management mechanism whereby a defined administrative

unit has organizational authority to hold technical and

procurement staffs, alike, responsible for the fulfillment of
- an advanced procurement plan;

{2) the ability to plan with.suffiCieht lead time to make
indicated adjustments in staffing feasible;

(3) a management tracking svstem which facilitates the
monitoring and control ef the procurement process; and

(4) valid work measurement. standards to allow the translatmon_
of workload forecasis into manpower requirements.

Advanced Procurement Plann1ng. There is, in fact, no mechanism at

ARC, formal or informal, which perlodlcally allows or requests contract load |
forecasts from. fhe Technlcal DlVlSlonS. Also, the con;ragt,ng officers are
dependent upon the technlcal staff durlng the 1n1tlal perlod and review stages
Qf eagh.contract action, _If the technical”staff does not keep to a

reasonable timetablé for.initiating and reviewing procurement packagés,.thére

is little recourse for the Procurement Division.vahe lack of an organizational
unit and/or mechahism which'can demand, of both technicai and procuremént'
personnel, the.development of a WOrhoad forecast and adherence to a work
schedule, precludes the operalization of a work.schedullng model at ARC. |

We recommend the creation of the neceSSary organlzatlon structure

+to 1mplement a work scnedullng model.  The necessary organlzatlonal restructurlng
fenv151oned ‘here is comprehen31ve in nature and would 1nvolve several a1V1s1ona1
'unmts-dutsmde'of»Proeurement. In this respect - a pLan developed by : the-
:-_'National Instltute of Health undet & grant from the Department of Health
‘;fEducation,;and{Welfare,~c0uld serve as a.protqtype.mpdel,tow‘ARC,a‘ ThQ‘NIH;‘
f.i Plén,3stiiisid"tﬁé:éxperimental,sta"eé, is;desigméd.to-prombfe mutua;‘élémnigg, :_; m
be‘ween procurement and technlcal staffs. A.narédigm.éf manégerial‘eontrolf‘

a used in thls studv is shown in Flgure 2 I.Two benefits of thls type of plan

_ : "Spe01al Studles of MoaSurement Problems ) MEasurlng Rescar;h and R
'Grants Admlnlstratlon Programs--upecldl Report #3, “Volume 1, Octaber, 19 3




are (1) the: EYpllClt consideration of the exact goals and objectives (missions)
of the entire orgarization and (2) the built-in feedback loops which tie actual
performance back to planning. . Because the Santa Clﬁfavﬁesearéh Group has
restricled its first-&eér.effdrts to dealing only with the structure and
activities of Procurémehﬁ in so far as the Division can be viewed as a_tétal:
system, the development of an orgsnizational | reétructuring plan is beyond
‘the scope of the presenf reéearch. 'If'further'rESearch should §efeal ﬁhat

. the creation of a central procurement policy and review section is not

. possmble, at the present tlme there mav, nevertheless. be an opportunlty to o

imolemenb an informal plannlnp SJstem by utlllalng the ASSLSLant Procurement
Offloers to collect est;mates of the number and types of contraets thax would
vaccompany'antlclpated research projects.

Long-Range Procuremenﬁ Maupower Planning. A usﬁal problem'in

manpower planning is that it of'ten results in insuft'icient lead_timé; )

particularly when compiéx jobs requiring aﬁvaﬁced training are involied.'

A recent comprehensive natioﬁwide study 5y Arthu¥‘D. Little, Ine. (March 28,

1975), hdweﬁer, reveals'fhgt most government procure@ént'agenciéé.bélieve,fhatv

manpower-planning could be performed as much as two Yearé in advance if the

technlcal staff‘lndlcated the relat1Vt probab¢11ty of gdlﬂlﬂg authorlzatlon
';for specxflc proaects at +he tlme wnen the prellnlnary budget plan fer tne'

. :proJect 1s,qrawne |

~Management Tradking Svstem-Planning.»»A neceSSarv'appendagesto a

~sprocurement wurx schaduling n@ael 1s a gurcnase request trackxng system that
';monltors uhe prog*css o; ‘speci 1" eo‘uract ae tloqs and meaaures conformance :
- to the.aVerall;procurement.plan., Mr. AL Platt under the dlrectlon of Chlef

Lloyd Walsh, has been ablé to 1n1t1ate an- automated tracklng system.for

‘processed by the Procurement‘Dmvzslon,ln El year)

_._:;13 o

: *rcontracts in exdess of $10; OOO (regresentlng about 2,000 of the 15 000 contractsxf77?4



Professor M, K. Bohman's reé.ea.rch effort, here, on management
information systems deals -direc.t;ii.;\/ w_i-t:h the design of an automated data base
‘and expanded tracking system which should give the necessary vigibility to
the procurement preces‘s.; . |

Procurement Wbrk Standards Planning. The guality of manpower

forecasts is depeudent upon the valldl’cy of the calculatlons used to translate -
contract load into na.npower requlrements (node #4 in the NIH paradlgm of | |
_Figure 1). Although all t.hree. proeurement processing brench superv1sdrs_ at ARC |
have some "rules of thumb" by wiich a contracfing» officer's work is judged,
thér-e is, at -pres.ent, ro smgle vo‘ojeetive Qumiltifiable system, |

A VWork leasurement 1oc1el -

Because of these findings a.nd conclusions, the orienta’cion of this
reseamch tract was shnted away from the development of a work schedulmg
-system a.nd toward the devempment of & Work Measurenent, Moael (W\IM) (Such
a model is seen a8 one of the necessary prerequisites to the deve].o,pment _qi‘ :
a Worle‘ shceduling system.)

From March through May of this year, the thrust of this resea.rch
“effort was on the development of alterna:tlve approaches to work measurement
T.h-e;_'e are .two_.ba-_s-;c.-c. appro&chee- to werk measurement : re'gre’5=s;q_r; a_.n__-a.l_ys-ls a._n_cl- :
' time-and-motion ahalysis. Begression 'ahalyrs“;“.s .gene;c;éliiy'ut-iliZe-s' mu-ltiple. |
-lmearly related independent. variables to stat:.stlcall.,r predlct the level oi‘ a-
smg‘le ‘dépendent variable.  The dependent va.r:.able ma:,r be either expected output.
E from peri‘ormmg task A or, less conunonly, and only for mechanlstu. tauks, the
'ma;jor determlw.nt of output {ron per xormlng tas}s’. A, 1 Sy :anut var.(.ab e X
Thus, g:wen knowledge about the parameters of selected tlependen‘t varlables, ‘
"regress:..on analys:l.s mlgnt be used to predlci, elther (l) “the. xmmber of purcha.se
. reQuests | ccmtracting eff:.cer could be expected to- process durmg a Speclfled

perlod of tlme, or (2) the mlmber of purcha.se requests thai‘. can be expected to :




: da,tes.

enter a contracting officer's queue during a_specified-time period. The
selection of appropriate'independent-variables is, of course, critical, To

date, regression analysis applied to government procurement activities has

_utilized variables such as (1) total tons shipped and/or received, (2) number

of ™.ine items".processed, (3) total tOné iﬁ storage, (4) total péid drill
 strength, and'(ﬁ) number of items procéssed guring previous year. The use of
such variables can result in accurate procurement manpower requirements only
where procurement deals malnly with large quantitles of. standardlzed 1tems.
This is EEE the case with research installations such &s ARC.

| Timé-énd-métion (T & M) Studies are tréditionallv assoéiaﬁéd with
production and the planning, control ~and training of pergonnel whose jobs
can be clearly deflned in terms of basic phVSlLal body movements. More
recently however, there has been a renewed interest in the basic phllosophy

of the anproach of T & M w1tn empha51s now shlitlng away from physical motion
and toward the development of standardlzed times for non-physical aqtivities.
Figurez-z contains a hiefaréhical lisfing of wark;uﬁits.. Thesé ﬁofkaunits.
_form the basis for activitj measurements a;ong 8 time_dimension.

Several governmental agencies are currently'attémpting to develo§

__Procurement manpower stanﬁaxds on the basis of fourth-order and hagher work
measurement unité. In iact the Lurrent Chlef of the Procurement D1v151on at
ABC,'Mr. Lloyd Walsh, isgcurrently.implemggting.some QQ the necessary thg

collection techniques to implement such a vork meaSurement'systeﬁ;_'The‘Walsh

*'mmdel is qulte unlque and can be descrlbed a8 follows-

The . Performance Bvaluatlon Moiel (PFM) is-a uhrug-dlmen51onal

'measurement tool fer a553551ng a buver 8 psrformance. The three dlmen51ons

of measurement are (1) workload (2) ablllty 1o complete a11 necessary procure.; .

ment act10ns-w1th1n a normal tlme, and’ (3) the abllltv to predlct PO completian

*The model lS currently only'partlally'lmplemented at ARC



* Vorkload, PO's are catégorized by altribute (e.g., dollar amount
and type of award prccedure) and each category assigned a point value indicative
of the relative amount ofv"effort“ reéuiredﬂto guide it through the procurement
process. A buyer's workload is ca;culated by multiplying the number of PO's
processed per period by. the appropriate PO category point valﬁes and summing
aCréss categories. The higher a buyer's point total, the beavier the workload.
A Wofkload Report is pﬁoduéed monthly which sﬁéﬁs each buyef's total workload
points. The mpnthly A:figures are averaged to produce u yearly workload report
for ali bﬁyers. |

Longer than Normal Time, The actual time required to see a. PQ through

the procurement cycle (complétion is.defined as contract awarded) is recorded

and compared to "normal time". Normal.time is defined in terms of_the_histbrieal.
mean average_completion time for eacﬁ PO category, Negative variances are
awarded‘deme;it points--one demerit for eacﬁ»one day or‘time‘longgr‘than normal.
Th¢ lower.a uyer's demerit‘point total, the betier. Obviously, zero demerit
peint | totals are_poséib&e. A Longer Than Normal Report is proauced monthly. -

A yearly report is alsotﬁroduced which recaps monthly totals‘and includes a
monthly average. |

Number of Delays. A buyer must assigp gach PO an expected completion

date.  -Some PO's alSO»hajé several (up to a maximum of Six)_expecﬁed.milestoneA
dates; The six,key miiesténes in the procurement cycle are identified as:
~-(l)-purchaSe"reguest rapéipt.date,:(z):purChdsejrequésf-acceptance-date,-(3)' B
; propﬁéal receipt date,"(k) proposal evaluation date, (5) negotiaﬁiqquOmpletioﬁ
”'date;;and;(6);datéjof aﬁard. -Tﬁe_écdufaé§ iﬁ pré&i§ﬁion:of'ekpecﬁéd,mi1é$£phééﬁ“ '
and completion dates;isimbnitOTed through-ﬁhe montﬁly Delay Bﬁport.. Bach o
'Jg’j réguifédfdéléy.inﬁdrﬁpésﬁponeméhﬁ“ofién'éﬁﬁected miies£6ue“and/5r-comple#ién7ﬁff5 1
date is aﬁérded 6ne'§éméfit point, Agéin,fthé'ibWErAé>buyer'sﬂdeméfi£ poin£ :;
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The PBEM includes a Buyer Proficiency Report, issued once a year,
which is designed to indicate the relative effec’ iveness of a buyer.
Effectiveness is defined in terms of the three measures of performance
evaluation described above. Specifiﬁally, each buyer 1is ranked on each of
the three measurement criteria: (1) workload, (2) ability to complete all
necessary procurement actions within a normal time, and (3) ability to predict.
PO completion dates, The ranks are added to produce a total buyer p:oficiency
(BP) score. The EP scores are then rapked to‘produce a relative meésure of
proficiency. An example of this procedure is provided in a memo from Mr. Walsh
to all NASA Procurement Chiefs (dated, February é6, 1975}

The system uses an averaging process and then relates _
those averages to other buyers in the division. This placés each
buyer in a relative position to all other buyers for each
area of concern (workload - longer than normal - delays).

This approach to ranking allows for balancing of high
averages with low averages in certain areas of a given buyer.:
For example, if a buyer in a group of 18 had the heaviest
workload, the greatest gquantity of delays. and placed

sixth in longer than normal ‘1me, hiz overall profznlency
ratlng would be 25 (Workload:; 1 + Delays: 18 + Louger Than
Normal: 6 = 25). This would place the buyer above average.
The story told in this rating veview is logical. One
could presume that the buyer with the heaviest worklcad
would have the highest guantity of delays hacange of
scheduling difficuliies and Lhe greuter potential for
priority shifts,

A tally sheet identifying each buyer is used to
support this report. Each srea of wvoncern is included under the
buyer's name and the appropriute wcreu faeloriug number, is
inserted under the corresponding month, Workload is
measured al the c¢lose of each guarter and the other two
areas are measured at the close of each moenth., All areas are
then averaged. Placement or relative position of each
buyer is then added to the tally sheet, Ties are piven 3
identical scores and numbers corresponding to the guantiby of
ties are skipped in establishing the next place. Tor example,

" 1f three buyers tie for first place, each would be given a one.
peint score, The next in line would be given a four point -
score. The placement of the three areas are then added
together to form the buyer proficiency rating. A separate

summary sheet showing the proficiency ratings is then prepared.

 This sheet is then noted with any special informatioh whieh - -
has 51gn1f1cant impacl on Lhe rating conclusion. such as
indications of only part-time employment.
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Tally Oheet

(3/31/7h)

Buyer Average Pos. Average FPos. Aversge Pos. Tot. Effec. 12/31/73

Workload ‘ L LIN Delay Pos, Rank Rank
1 26.0 11 1.9, 6 3.3 2 19 7 9
2 38.3 9 0.1 1 bk i ihb 3 5
3 53.3 . L 0.4 3 .. 8.7 6 . 13 2 b
n 45,0 6 1.3 5 g,2 7 18 5 2
5 39.7 8 .9 11 2.2 3 27 1 11
6 5k.0 3 2.8 9 18.4 9 21 9 5
7 82.7 2 2.0 8 23.1 10 20 8 8
8 43,7 7 1.9 6 7.6 5 18 o 5
9 7.3 5 0.2 2 1.3 1 8 1 1
10 37.3 10 0.9 L 3.9 3 17 L 3
11 1 4.3 10 38.8 11 22 10 10

99.3
The months of_Jﬁne and July of this year were spent in analyzing
this mdel. The thrust of the model is toward "performence evaluation” rather

than "work measurement'". From an overall analysis (principally, by'interviews)'

of the Procurement Division and ARC in general, it became apparent that there
was a definite need for a performance evaluatiocn mod 1.

The Model Perspective

There are subile but important differences among the concepts of
work scheduling, work measurement, and performance evaluation. Work -
scheduling involves the creation of an organization structure with authority

- and responsibility for holding the Technical Divisions and the Procureément
Division, alike, responsible for tre creation and execuiion br an overall

~ procurement. plan including a detailed activities schedule.

- Work measuroment. by contrast. is n smtbsel ot wérk Scucdtiing ﬁnd
is concerned only with the translat ion of workload forémasis from the
Technical Division intu manpower statiing requirements for the Procurement’

Division,
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Performence evalnetion, ot the'other'nand, is‘uormatiVe in nasnre
while work measurement is ba51eally uescrlptlve. And, where'nork”
~measurement is seen as a subset of wark schedullng, performance‘evaluetion-
has no necessery-reiationship~to‘work scheduling. The purposes of"performence
evaluatlon or performance appraisal 1nclude candidate selectlon, performance
correction, tralnlng, oompensatlon, promotlon, dlSClpllne, transfer, etc.
In essence, performance evaluatlon is the appraisal of the contrlbution of
. an individual employee to the effectlve administration of management processes.
‘Thus the whole thrust of a performance evaluatlon model wonld be quite dlfferent |
.from a model appropriate to work measurement or work_sehedul;ngf_ And, it is
from this unique.perspective that any performance evaluation model must be

judged.

MODEL CRITIQUE
There were several underlying essumptlons in the %alsh model that
needed to be investigated. The month of August, 4975, has been directed
toward this effort. The»following are comments and obServaﬁions'relevant to-
the analysis of the PEM:

" Workload Report

There are twe crucial variables in this weighted average approach
to workleoad measurement the initial definition .of PO cetegory types,'anﬂ |
the polnt velues (welghts) asslgned to each category. M, Wnlsh 1dent1fled
only six PO categormes. Professor Vaneura 1n1t1allv Ldentlfled twentv
categorles for 51mulatlon purposes but remqued Lhut tlese oate"orles appear
A too hetero"eneous in terms of dverage comple+1on tlmes to prOV1de accurabe
 results. |
| : Polnt values must be subieetlvelv determined and in general agreed.:.

_:to--a dlffleult but not 1mposs1b1e task.
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The Walsh modei.cﬁrrently operetional at ARC is designed to monitor
pre-award activities (this excludes contract administration, termination,

and disputes) and uses the following point scale:

- Type of . ) Work load
Actian ' . -lUnits

Order against Pederal Schedule :
Contract or through other agency _ 1

New procurement other than above

under $25k 4
$25k - 550k 5
$50k - $100k &
$100k - $1m . : 12
over $lm : 20

This scale does nhol, of course, consider differences between Research and
Development, or Supply, etc. requirements, nor does it consider the type
of contract. '

Aléo, an issue raised by Professor Vancura is the possibility of
the need to construct seasonal workload averages, e.g., monthly indices of the
Procurement Division's workload.

Longer than Normal Report

In addition to the question of category homogeneity along the time
dimension, of cruclal importance would seem Lo be the aséignment of one |
_demerlt point for each one day of delay regardless of PO Lategor - Apparently,
a balancing procedure is thought to ex1st' some buyern would work on many
short-term PO's with the chance of several running louger ﬁhan normal by no
more than a day or two vs. Lhose buyers working on oulv 8 few long-term
contracts with only one er two golng longer than normal but going over by
- several days; - . | | | .. _ |

Seweral typical ARC SLLuatlons wouid heed to bL used Lo test this
aspect of the.model. The empha51s on negatxve rewards for negatlve varlances
- and. only the absence of negatlve rewaxds for 9031t1ve varlances needs to,

be examined. Behav1orally, this pollcy would  seem questlonable as 1t appears.



to encourage a buyer to reach standards but does nothing to motivate him
to do any better,

Delay Report

Of cruciél importance.also ié ﬁhe assigning of one demerit for eéch
negative time change regardiess of the amount {number of days) of time
involved. Again; there seem to bg_an assumption cchceining'some inhereht.
balancing_mechanism: those buyers with numerous short-term EO's_will have a
few witﬁ time delays while bﬁyers with only a Tew longnterm'Poés.may haﬁé
sevéral delays on each project. This assumption would, of course, need to be
tested,

Three additional points worth noting_and in need of testing aré tne
assﬁmptions that (1) delays are equally bad regardless of Pb type,.(a).delays
on milestones are equally as bad as delays in completion, and_(3) estimations
that are longer thén actual are good, i.e., no negabive demerits are éssigned

for "positive" variances.

Buyer Proficiency Report

" A buyer's BP rating is based on the assumption that each of ihe three
work measufement criteria are equally important. Is this true?

Also, the use of.a_single aggregate figure tends to Waéh-out eriteria
differences, For example, a buyer ﬁith an extreﬁely 1light workload would
'probahiy have few delays and few longer than normal times. Supposing_ﬁhét his
rankings on the three criteria were 18, 1, and 1 out of a total of 18 buyers,
ciearly'his.score of 20 is good yet his workload may be unacceptably low,
Perhaps minimum standards would have Lo be established for each catagofy to
pfeciude thé coverup. of Catégory'eitfemes in a siugle éggregate'éumhérqueasuré--
of pgrfbrmanée. | - |

A more general criticisn of the ranking approach is that alveys
someone is Llast althougﬁ he may be_shqwipg great'improvémgnt'and SAmeéné
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is first'élthough he may be showing an actual decline in performonce.
Perhaps a behaviorally more attractive approach would be to construct an
index of pérformance thus emphasizing a buyer's changes in performéncé over

time and only oécondamily a buyer's relative standing ambng.buyé;s.

MODEL CHANGES
" fhe month of'September.‘1975;>is‘being'used to design and teot (throwgh
interviews with procurement supervisors) modifications in the Walsh model.
 mb date; the following chahges have been oropose& and are currently being

evaluated:

'Nombgr>of Cafegories

From the feedback from extensive interviews with pfocurement
poroonnel,'it‘is.believod.necessary to utilize at least Qh separate categories
in clossifying purchase orders, This is a four-fold increase in the number of
catégofies ovér the Walsh model; but the inoreooe is deemed heoessary if
workload unlts are to be equifably a5alﬂned. rlgure 3 shows tno proposed
set of categorles and the mllestones approprlate to each category.

Ranks and Indices

 From a moﬁiﬁational pérspective,vit is not clear that = rankingvof
'contracting officers? performance is appropriate{ Rankingo Show_oo[neoeosary
relationship to changes inothe aﬁsoluto level of performance.‘ In plaoe of',
er perhaps in addition to a ranklng system, an 1ndex1ng system is proposed
Such a system,reports a contracting offlcer 8 performunce in relation to some
base period, e.g.. the rirst quarter of 19(5 Thus. a rutlng of’ 110 would
indicate that a gon;faotiog officer dia 10% "more thdn his poriormonoe

during his base period.

‘Purchase Order Quality
'-It.is_belieVed neoessary_to,explioiyly inolude~qualipyiindioes in

the Performance Evaluation Model . Clearly, those PO's which are "sent back"
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' ﬁo a'contraétlng offiicer to be “cleaned-up" affect the number of PO's he is
able-td’abmpiete during a time period. Thus, indirect measures of quality are
includéd'in thé’originai version of the mddei. :HdweVer,'bééause'of the complex
nature of thé rules and procedures regarding what actﬁally constitutes a
cofrect proceaure in coﬁvérting a PR to a»PO, it appeafs.thét;:ébefaﬁionhily;
"zood" job is quite subjectively defined. An Q?éremphasis on quantity with

no corresponding concern for quaiity is not only detrimentai to the miééion of
the Procurement Division but may also lead to seribué practical (opéraﬁional)
problems. Thus' soﬁe measure of "quality” is deeﬁed'néceésafy in dé?elq@ing

an approprlate Performance Evaluatlon,Model This may ﬁake the form of
-1ncorporat1ng PO ratings (glven by the review officers) into the niodels but
more likely. overall qualltj w1ll be inferred by the number of re-worked FO's
an offlcer must complete during a time period.

ba#a_Base

| Of particulaor concern.ln terms of schedulc fea51b111ty is the

faet that the model requires a collection of historical data in order to speclfy
"standard times" for the COmpletion of prgcuremﬂnﬁ éctivities between various
milestones for the Longer than Kormal Repoft; "hus, implementation-pf the
mo@el may necessarily be stalled until:some data base is collected-via the
»proposed'expanded»tra;king»system;' |

'__Model Purpose

From a managerial persPective, perhaps the nost important consequencé
of the development of a Performance Evalu tlon Model is tham it cannot ea51ly

be used to " show" Division under- or over-stafflng. Indirectly, and over the long

run, it may be p0351ble to infer understafl “fing by monltorlna aggrebated 1nd1v1dual e

" performance lndlees'and,notlng a downward trend.’ But,-the basic purpose of -
‘the model is to facilitate, through the use of "objective" measurements,

~ individual performance apnraisal.
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Section 3
Examination of Employee Development Procedures

Ovérvtgw

This project concentrates on the impact of the human variable on
the effectiveness of the procurement division. In this context it is
concerned with employee development, mativation, performance, and
morale. - The comments and recommendations which eherge:are the conse-
quencé-of extensive Interviews of Procurement personnel, review of
NASA‘documents, and the observétions of the researchers. The content

“of the report is concerned with the cradle-to-grave concept, the
contract review process, the weekly tracking system, tralning, meetings
and communication, job performance information, and career‘planhing.



Introduction

This is an interin report on the investigation of Employee Development, and

related areas such as motivation, perfommance, and morale, at the NASA-AMES
Procurement Divisiom.

The comments and recommendations presented in this report are based on

extensive interviews of Procurement personnel, reviews of NASA documents,

and observations of the researchers. Thirty-eight employees of the Procure-
ment Division, representing all sections/offices of Procurement, volunteered

to interviews by the researchers. Each interview lasted approximately one

hour. The general format followed in the interviews is outlined in Appendix 3-A.

This report is informationmal. The researéhers expect that it will serve as
a basis for further discussion (including discussion between the researchers -

Hall and Leidecker - and Procurement management) as well as an 1mpetus for
direct action.

All the points made in this report reflect observation by the researchers,
recurring comments in the interviews and the researchers' analysis. There-
fore the researchers believe it importart that Procurement management consider

and/or investigate the points and communicate its decisions and reasoning to
all Procurement personnel.

Qutline of the Report. The content of the report is divided into five
broad areas:

* General Comments - this area consists of points concerning:
The Cradle~to~Grave concept;
the Contract review process;
the Weekly Tracking System; including the format
of that process; and some general points as to
- morale problems.
-% Training

* Meetings and Communication
* Job Performance Information andICareer Planning

Summary - This section focuses on selected points in the report
that the researchers think deserve primary attention. .
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FINDINGS
" A. GENERAL COMMENTS

Cradie-to-Grave Concgg_.

Cradle-io-grave concept has the support of most personnel, but some
agpects may need further consideration if concept is to give optimum
returns:

a. Bmphasis perceived by personnel is on getting contracts out;
Telatively little attention is given to administration of the
contract. Contract administration tends to receive attention
only when big problems occur,

b, Administrative work is seen as time consuming, although often
routine (e.g., involving change orders). Use of low level G.S.
personnel for some administrative duties, such as contract closev
outs, may strengthen cradle-to-grave 0perat1en.

Contract Review Process.

Overall, there seems to be a positive response toward the contract review
process. However, personnel expressed some strong concerns about the
purpose of the review process. The purpose is still not clear. Personnel
aren't sure whether the review process will be used for constructive
coaching or for discipline/chastisement. Work needs to be done:

a, To elarify the purpose(s) of the review

b. To explain its usage

c. To improve the process itself (see 3-A,3)

Format of Contract Review Process.

There is substantial concern with the format of the review process:

a4, Complaints that the review process is done in "piece-meal" fashion,
thereby taking up unnecessary amounts of time.

b. Current review process is causing bottlenecks (see (a)). Process

may result in 5 to 6 typing repeats, reviews by all parties, then
a final typing. .

¢. Although there is a favorable response to the rigor/quality added by
the review process, there is concern that required correet;ons are
often “nit—picking" exercises,

(1) Some personnel believe that a “zero-defect' assumption is
- present. If so, is it appropriate? Communication with
personnel. could improve morale.

(2) Can some minor review points be made as "teaching poxnts for

- future work rather than requiring correction on the contract_
in question? ,
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d.

Complaints that some memos from Review are critical but do not

provide specific direction for improvement.

Indications that some verbal feedback from Review, supplementing
written memos, would improve morale. Isolated comments regarding
Branch Chief reviews indicate, however, that verbal reviews alone

may cause confusion because employees forget instructions or be-

cause verbal instructions are misinterpreted more easily than

‘written instructions.

4, Weekly Tracking System.

Resistance to the weekly tracking system still exists, Causes of resistance
cited; :

g- I

Some people still see it as demeaning: i.e., record keepinglclefical
work is beneath their status,

Purpose of system is not clear: how will information be used?

Takes time away from "job'": better understanding of how system
contributes to "job" is meeded.

Format of reporting needs improvement.

5. Other Comments - "Morale"

a.

Need for more recognition of work accomplished. There is a general
tendency to stress need for improvement without giving recognition
to work accomplished by personnel.

Recurring comments concerning amount of work dnd size of backlog.

More effort toward recognition of work accomplished (see (a)), and

toward WPPR (see D. 5) could help this morale problem.

Some concern expressed that the use of senior-level Procurement
personnel as APQ's may not be making optimal use of the abilities
‘these employees possess. This concern suggests two questions that
may need attention: ' '

(1) 1Is the APO role defined as effectively as possible?

(2) Do other Procurement pérsonnel have a satisfactory under-
standing of the APO role?

Isolated comments 1dent1fy1ng the status of Procurement as an- important
cause of morale and output problems; e¢.g., belief that technical
personnel have more access to training programs than do procurement

" personnel.

Room available as lunch-lounge would be appreciated.
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1.

2,

3.

B. TRAINING

A general improvement in the understanding of current regulations, new
interpretations, and changes would improve performance and morale.

There is some indication that Branch Chiefs do not feel they have suffi-
cient time to accept responsibility for identifying training needs and

developing appropriate programs. If so then alternate approaches must
be considered:

a., Establishment of a committee to determine "standard interpretations"
to the Regulations in questionable areas. Such a committee would
also be given responsibility of keeping personnel informed as to
new regulations, interpretations, and problem areas.

b. It may be useful to have the Policy and Review Office develop a
list of recurring problem areas (inappropriate application or
interpretation of regulations, etc.) as a basis for determining
training needs.

c. APO's are frequently used as resource people by Branch personnel,
Thus APO's might also develop a list of recurring problem areas.

% (Note: such approaches could be used to complement, rather than .
substitute for, training efforts by the Branch Chiefs.)

To keep personnel current, it is necessary that appropriate publications
be circulated to all levels. It was indicated that often, due to time
pressures, circulation bélow the level of Branch Chief was infrequent.

Various formal procurement training programs are available from sources
outside NASA-AMES (e.g., Army, Navy, Air Force, Civil Service).
Personnel should identify these opportunities for NASA-AMES employees.

Training for Small Purchases Agents needs to be formalized. There should

. be an in-house program taught by in-house instructors on:

a. regulations
b. £form usage
c. anticipated/expected problem areas.

A commodity buying assignment may be helpful in training new people in
small purchases, This may be the,beSt way to give experience to
personuel. ' :

Some comments that requestors (technical personnel) do not understand
procurement system, making work for procurement personnel more difficult
and time-consuming. Identification of specific weaknesses in this area,
and effective communication to technical personnel ‘could improve per-
formance and morale in Procurement..
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C. MEETINGS AND COMMUNICALION

Branch.Meetings.

Generally pgood reaction to meetings at Branch level. Improvements can
be made by:

b.

Scheduling meetings rather than calling them at very short notice.

More frequent meetings: every two weeks, or more frequently
suggested,

Ob jective of meeting should focus on regulation interpretation

and work-related problems. Problem-oriented training could be
initiated here.

General Staff Meetings. Thé effectiveness of General Staff meetings

could be increased substantially if these meetings:

a,

b.

-f'

Are of short duration and well-organized.
Include all personmnel, including clerical staff.
Rely on agenda published in advance whenever possible,

Are informational, not evaluative. Minimize or eliminate negative
feedback at this level. '

Eliminate specific, narrow comments relating to one branch c¢r one
individual.

Are open to all comments from personnel.

Some comments that th2re is a tendency to implement concepts before/
without a general discussion of possible problem areas (re: implemen-
tation) as seen by personnel,

There is a general feeling the Procurement management tends to keep
ideas "close to vest' until implementing. Personnel express a desire
to know what's happening, whether the "news" is good or bad.
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Feedback - personnel generally desire more feedback as to work accomplishe-

D. JOB PERFORMANCE INFORMATION/CARELR PLANNING

ments from supervisors,

Supervisors often seem too busy to assist employees with work-related

proeblems.

I1f this is an accepted fact, then alternate, known, formal

sources should be identified,

Employees indicate they need and desire more complete answers as to
their promotional possibilities. Their comments suggest that there
is only rudimentary attention to career development. Discussions
as to employee work objectives and career counselling is desired.

Little use is made of the formal appraisél system. Bmployees are
typically given "satisfactory" ratings without any specific counselling

" being provided.

Work Planniqgrand,BrogresS Review (WPPR) -

a.

b'

Most employees were impressed by objectives of a WPPR system but
were not familiar with its usage at AMES or in Procurement.

WPPR, or some formalized performance feedback system, should be
used more extensively at NASA-AMES Procurement. Such a program
also should be linked to some basic career counselling/work
improvement objectives.

Aspects to consider:

Y

(2)

@)

Majority of employees indicated‘that the objective of WPPR
is important to them, but is not being implemented.

Supervisors represent a key aspect of 2 program of this
nature, They must support the program, and be prepared
(know how) to administer it. :

Implementation. There might be advantages to establishing
a control group (one branch) and implémentirz WPPR in this
group. The program should be explained to &'l participants.
Possibly advisors (Hall & Leidecker) would be useful to the
Branch Chief jmplementing the program.
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SUNMARY

Focus on Selected Findings.

The researchers believe that the Procurement Division's performance
level could ke improved substantially if attention initially is focused
on three aspects of this report.

First, the researchers see a direct link between training and perform-
ance level, There is a need for more training if performance is to
improve. (There is some danger that the time needed for training
efforts is viewed by some personnel as detracting from performance.)
Particularly important is the need to expend more effort to identify
specific training needs, The identification of specific training -
needs will also guard against ineffective "training for the sake of
training".

Personnel in Policy and Review (Office of Staff Specialists) and the
APO's because of their duties and activities, should be very useful
in identifying specific training area needs. Branch Chiefs should
also be involved.

Second, Branch Séction meetings should be used more extensively to
provide problem-solving information to employees. Thé Branch meeting
can be an important tool in the training effort, especially once
specific training needs are identified.

Third, the researchers believe that substantial benefit can be obtained
through effective use of the Work Planning and 2rogress Review (WPPR)
program.

Such a program, if used properly, can:
a. Contribute to the identification of on~going training needs.

b. Provide Procurement personnel with desired feedback and recognition
(thereby improving the communication process).

¢. Contribute substantially to performance improvements.

Future Direction.

The effective use of a WPPR Program requires a good understanding of the
program by all levels of Procurement personnel. As noted earlier in
this report, very few members of the Procurement Division are aware of,
or understand, the nature of such a program.

Therefore Procurement Management should consider whether, and to what
extend, Procurement personnel neced training in the purpose and use of
a WPPR program in order for the Procurement va1sxon to realize t the
benefxts described above,
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Section 4

Determination of Influences and Apparent
impact of Contract Type and Structure

X. Overview

This project is concerned with the investigation of important factors
relating to the selection of contract type and structure in various con-
tracting situations. Data were collected from 150 NASA-ARC contract files
and arrayed across an extensive set of contract situational variables;
partial data from 24 other large NASA contract flles wére solicited for
comparative purposes. Preliminary results suggest that certain managerial
variables are more important than others; if these variables are control-
lable, they could be used in a predictive mode! which would assist procure-
ment personnel in selecting the most efficient contract type/structure. In
addition to the activities described above, inputs to a management informa-
tion system are being assembled in conjunction with the development of an
on-going data base.

II. A. Accomplishments to Date

1. Assessment of NASA/ARC Procurement Environment

a. Familiarization with Legal anﬁ Administrative Constraints.

Through literature review and personal interviews with NASA-ARC

procurement personne! the legal and administrative environment-

influencing contract type selection generally has been determined.
The principal document governing this environment is the NASA Pro-
curement Regulation which describes the formal advertising and
negotiation methods of procurement as well as the contract types
available to NASA-ARC. In addition to statements of general policy
and criteria for both methods and all contract types, this regulation
also describes Determinations and Findings which are required to
support éll.negotiated procurements and contract type selection.
This regulation is an interpretation and elaboration upon Chapter
137 of Title 10 of the United States Code which is the basic law

~applicable to procurements by NASA. :
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2.

Additional documents reviewed whiqh relate to the legal and
administrative eﬁvironment include the foliowing:
a. NASA Procurement Regulation Directive Ro. 74-=9
of December 23, 1974,
b. NASA Incentive Contracting Guide,.OCtober 1969,
'NASA Publication NHB 5104,3A.
c. Report of the Commission on Goverument Procurement,

December 1972, U.S. G.P.Q. Stock Number 5255-00002.

Data Collection and Analysis

a., Contract Type Ldentification. Through an examination

of procurement records it has been determined that
the procutemenf methods and centract types'used by
NASA-ARC from Jénuary 1, 1973 through March 10,
1975 included the following: o

Procurement Method:

Formal Advertising 156
Negotiation 1167
Total Number of Contracts ' . 1323

Contract Type; other than firm fixed price:

Cost plus fixed fee (CPF¥F) 123
Cost plus incéﬁtive fee (CPIF) _ 1
Cost plus award fee (CPAT) 4
Time and Materials (T & M) BT

CTOTAL 140

Pl
——r—e

~Thus, although 88% of the contracts were negotiated, only

11% were of the cost reimbursement type, and 9% of the-tétal
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were CPFF. The sample si~es for CPIF (1) and CPAT (4)

are too small for valid statistical inference on an em-
pirical basis. As a result, most of the empirical analysis
must be concentrated om CPFF and FFP type contracts, with
apriori judgemental or inductive hypotheses concerning
criteria for other contract types. These hypotheses must
then be tested against contracts to be let in the future,.

b. ‘ Interviews with Procurement Personnel. Intensive

interviews were conducted with several procurement
perédnnel to ascertain their perspective as to the

- important factors in the procurement process.
Procurement peréonnel were asked to.deséribe-typical
procurement activity from a “cradle~to-grave" point
of view.

C. Procurement Situation Definition. An on-site examina-

tion of completed contract files was conducted at
NASA~ARC on April 16 and 17, 1975. This on-site

‘ examin%tion heipe&‘to-identify a set of variables
Awhich were deemed to be important in dgfining a
procurement situation. A revistﬁ to procﬁrement
persqnngl described in 2Zh above 1ed to several
deleﬁioﬁs, additidns, and restructuring df?vapiableé.._
The résulﬁant list qf variaﬁles is contained im

Exhibit‘l,'"Procurement Analysis Coding Sheet."

d. Initial Data Collection, Subsequent to developing
the "Pr0cufemenﬁ Analysis Coding Sheet,"” a data file

was cgeated_which gpnsisted_of the data elements .
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- arrayed across 107 randomly selected ARC contracts.

 This activity commenced on June 1, 1975 and was

completed Ly June 21, 1975, Table 4-1 contains a
summary description of the 100 contracts.

‘Subseguent Data Collection. The 100 randomly

selected contracts provided a data base which was

to be used for both univariate and meltivariate

analyses, However, only 16 of the 100 contracts

were of the cost reimbursement type, prompting
a.second_éffort to collect exclusively coét-type
contracts to insure sufficient numbers of both types
for comparison purposes.. The second ARC data collec-
tion was éompleted on August 20, 1975, Table 4-2 con=
tains combined sample (N = 150) statispics including

means, standard deviations, skewness and minimum/maxi-

mum of a selected set of variables.

During the data base construction phase of the research pro-

jeet, collateral efforts were being made to solicit comparable

data from other non-ARC sources. To date, only one effort

has been successful.

Twenty~four contracts with significant cost overruns were

acquired from a NASA Headquarters file which contained data

£.

from all NASA installations.

Preliminary Inferences from Data Analvsis. Step-wise

multiple regression analysis was used to identify the

most important variables in explaining variation in

actual contract costs. . This exploratory analysis was
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condgcted to deterning_the extgnt to which anaiyses
pérformed—on tﬁe NASA,data base (described'ih 2e aﬁove)
were different from thosg perﬁormed on thé ARC data
base (described in 2d_ébove). | |
The results are summarized.ip;Table 4-3, As can: be sgen from
Table 4-3, the.reéults are sufficiently mixed so as to make in-
terpreétation difficult. Although the P.R. cost est;maté appears
to be an impprtant factor in exﬁlaining vafiation in'actuél
contract eost; it should be noted that this situation oceéurs
onlj when nggotiated contraet price ha$ been excluded as an
independent variable in'thé:regreSSidn analysis. 1In addition; -
‘the degree of R & D sought and the § value and number of modi-
ficétions‘VafiaBles appear to be of sufficient importance to
justify clésaf examination. The § value and number of modifi-
cations vﬁfiables are mggg‘important in the NASA Anainés.
The reader should bear in mind that the ARC Analysis is per-
formed on contfaéts which'afé moscly.firm fixed price (86%)
and' that the ﬁASA Analysis is concerned with contracts which
have-éubétaﬁtiélUCQSt overruns. The conélusian reachéd'in ”'
this exploratory stage is that efforts should be made to
gain better repreqentatmon for non*TFP contracts and that
: farther analyses should be performed.

'II;__'B. : | Work in Progress

;N}.“ ' Future Multlvariaté Regressann Analvses. As dﬂscrib;d in °f
: | above, it appears that nblthdhldLL réifﬂ»Slhn analyses shouldﬁ
t:‘be pertormed as follows.'_: j. ‘
:x;af, - Regression Andly51s on expanded data base (N = 150)
B the additlonal 50 concracts representinb non-rFP

contracts.
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 III.

3.

C.

Ai

b. Regfession Analysis on partitioned data base. These
analfses would include separate analyses on only
FFP contracts and separate analyses on non-FFP con-
. tracts, ﬁhe results to be compared.

Data .Refinements. These will include a eritical examinaticn

of the reasonableness. and internal consistency of input data

prepatory to building a predictive model (deseribed in III C

below).

Further Data Collectionm. Solicitatiqn.of data for comparison

purposes will continue. Several sources of_additiohal data

are potentially available but at this time are not confirmed.

Description of Problems Encountered

The major problems to date concern both the iack of variation
in contract types and availability 6f coded déta elements from
contract files. As noted in IT A2 above, 887 of the cost reim-
bursement contrac;s let in the past two years were of the CPFT -

type. The sample sizes for CPIF(1) and CPAF(4) ave too small

for valid statistical inference on an empirical basis.

In addition, the condition eof the historical data file is such
that it is éxtremely time consuming and-expensiveftc generate

even a partial data base.

- Proposed Research

: Onghing_and Projeqted Research

"Although the legal envifonment for procurement and contracting = -

at ARC is well establishediby existing regulations and direc#:

tions, more information is needed concerning local organiza- -

‘tional and administrative ﬁtocedhreé. 'Iﬁ'particular, the eri-
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teria or method used for ;ssigning procurement requests to
individuai contract teans is nee&ed. It is expécted that
procedural descriptions will come from the research efforts

in tracks 2 and 3.

Of more importance, perhaps, is information concerning the
degree-aui,type of pre-procurement communication and planning
oﬁ the part of'requeétnrs_and technical monitors. It appears -
that many contractual and D & F.dccisions are at least ten-
tatively made prior to fermal submission of the-pﬁrchaée re-
quest to the procurement division.

Ongoing‘reSeérch with respect to Procuretient Situatien, Method
and Contract Type involves continued refinement of the data
element 1isﬁ and the design of an apprdpriate-éummaty-data
sheet format coded for computer input. Such appropriately

coded information could be useful mot only with respect to.

procurement method and contract type selection prior to

contract award but could also serve as the 1nput to a dynamlc.
summary Management Ipformation System for top management in
the Procurement Divisioﬁ.. 1t wouid.bé‘factﬁal comﬁutet based,
and capable of status reporcing individual contracts as well
as conparxson with aggregated 1ndicat0rs on previous similar
contracts. In the later sense, it could‘serva ns a usc:ul

control or~se1ective management tool for cantrol purposes.

It is contemplated that this summary data sheet, apprOpriately"

coded for computer proceSSLng Wlll ‘be integLated into the

management 1nformacion system that is belng developed in: thls,

prQJect, Qther aspects of thls Ainput to. the MIS w111 be -

- discussed in III A8 belqwi_
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Projected research includus the investigation of alternative
or additional wethods of contract proposal, evaluation, and
administration. TFor example, most procurement work state-

ments de not appear to address incremental or marginai.

"efforts or costs. Particularly for large contracts in which

the work to be performed is not well defined it may be useful:

to request a potential contractor teo propose or indicate the

degree or extent of accomplishment expected for various.
contract amounts, e.g., what de you expect to accomplish if

the contract is funded at $90,000 to $100,000 or $110,0007

Conversely, what is your estimated cost at different levels

of effort or oqtput?'_Such incremental proposals might enable

NASA-ARC personnel to evaluate at what level the wmarginal
benefit is equal to or exceeds the marginal cost. With
three or more such data points a partial "cost-effectiveness"

curve could be constructed., The evaluation of this infor-

mation might be highly subjective, but most helpful in deter-

mining optimal-seekiné funding or accomﬁlishmgnt levels. "

Projected research includes the coding refinement of data

. elements. As has bean-described'above, the dollar value and

number of modifications appear to be of sufficient_impoxtange
in detgrmining final contract cost as to jusfify closer
scfutiqy. Efforts have been Lauﬁched to_;e;onstitgte these
two variables into compqneht variaﬁlés.such tﬁat.“legimaté"
uéntract modifications for scope qnd/or engineering changes

can be distinguished from those changes which, in effect,

. .are solel&-for ;ﬂe;pquOSe of adjusting negotiated. contract



cost to apgree with actual costs after the fact. It is 1mp9r-
tant to note that of the non-FFP contracts in the original
sample of 100 contracts, none héd variation between actual
cost and final negotiated contract prices.

Onpoing Procurement Process Analysis, Aﬁ-ongoiﬁg portion

of the project relates to the creation and maintenance of
procurement process activity logs by selected.procurgment
personnel. This effort is an attempt to capture dynamic
aspects of the procurement procer relative to:

Procurement decision making and contract
milestones

Information flows

Important external factors treated exogeneously
by traditional proéurement procedures

Contract Type Selection Model. One of the original purposes
of this phase of ﬁhe total research project was to assist
procurement personnel in the selectlon of an opt1mal con-
tracting approach and structure in a given procurement situa-
tion., Despite the paucity of usable data for this purpose,
it is still possible to construct a contract type selection

model which attempts to predict the "best” comtract type

given a specific set of contract enviromment variables.

The type of mathematical procedure for th? constrﬁc;ion of

this model is multiple linear discriminant aualysis. Linear
dlscrlminant analy51s is an appropriate technlque when the_
criterion vallab1e is e‘pressed caLegorlcallv (two or more

contract typgs.to_choose from) and where the predictor

variables are at:least interval scaled (cost data, degree
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of R & D sought, etc. will be acceptable here). The applica-
tion of.disc;iminaut analycis usually has'four main objec~-
tives:
a. Testing whether significant differerces exist
among the average "score" profiles of two or
- more apriori defined groups, assuming group co-
variation and dispersion are equal and the disﬁrﬁ-
_bugidns are multinormal.
b. Deterﬁining which variables account mort fer such
intergroup differences in average profile.
c. Finding linear combinations of the predictor
variables that enable the analyst'to'EEpreSEnt
the groups by maximizing among-group relative
to within~group separation.
d. Establishing procedures for predicting grouﬁ
membership.
It.is this last objective which has special appeal for this
project in that it addresses the ﬁrobiem which confronts
contracting officers as they contemplate the nged to select
é'particulaf'contract'type from a set oﬁ-possible contract
types.

An Analysis of the Relationship Between Espimatedpand Actual

cost will continue to be made. Although data limitations_

prevent extensive testing in this phase of the research

project, preliminary findings seem to suggest that actual

cost, perfoermance and schedule attained in any contract is

~ a random variable. It is hypothesized that the probability
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distribution of this ranc—m variable‘may be described as
a beta distribution.

The beta distribution is a two parameter (a and b) continuous
distribution where the mean or expected value of the random
variable is rthe parameter a divided by the parameter b. Para-
meters of the Beta distribution can be estimated apriori for
various types of procurements based upon most likely, peési—

mistic and optimistic cost and performance estimates. As

in PERT networks, the node (a - 1 f b = 2) can be considered
most likely (i.e., target cost or performance value) and the
end points can bé considered as the most pessimistic and
optimistic valueé,'respectively. These estimates may then
be tested against availaﬁlé data with respect. to actual cost
and performance attainment to accept or reject the hypothesis
at some confidence interval. If the Beta hypothesis is re-
jected, alternate probability density functions may be |
examined for goodness-of-£fit or a simple histogram or.fre-
quency polygon may be employed.

- The fundamental purpose of the research is to determine if
there is an dpén, systematic, verifiable and objective approach
to the dete:minationlbf contract types and the establishﬁent
of share propor;ions if incentive contracts are sélected. A
subsidiary purpose is to provide guidance as to the circum-
stances undgr whichrthg use-of incentive éontractsjis.apprOF
priate and in the best interests eof the purchaser.
_The;significance of the research_relates-to'or stems frpm-

the fairly long hiscory of the'ﬁse of cost reimbursement and
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incentive concracts whichk has been surrounded by much con-
troversy. f a more tractable method of determining when
and how incentive provisions should be used, much of the
controversy might be resolved. The end result could well
be more efficient contracting both for the buyer and the
seiler.

Procurement Cost Monitor. Means to monitor procurement cest

deviation from expected might be developed through the com-
bined use of traditionally available information and an

operétioﬂal management information system., The data to be

" used wéuld include:

P.R. Cost Estimate
Negotiated Contract Price
Total Dollar Value of Modifications

Total Dollar Value of Modifications fer
Scope and Engineering Changes

Actual Contract Price

Adjusted Negotiated Centract Price (Adjusted

only for scope and engineering changes - excludes
modifications for change orders)

It is anticipated that a combination of histeric precedent

and managerial judgement might be applied to a series of

Total § Value of Mods,
gotiated Contract Price

ratios (e;g., Ve )'significqnt devia- -

tions from expected would be reported to management.
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Sedtion.s

Development of a Management Control System for
Planning and Controlling Manpower Requirements

Overview

This project has focused on the development of a management control

system for use in planning manpower requirements, in communicating the results

of operations and also the subsequent coordination of tracking contracts and _
PO's. The control standard to be used will be a standard based on estimated
past performance. The classification for various milestones performance

will be similar to that developed by Langley Research Center. As more
accurate information is accumulated, the original estimated standards.and

the standard labor hours will be modified. In addition to the creation and
use of standards for management controls a data base will be cfeated'to pro-
vide information for various status reports (e.g., milestones missed, man-
power planning requirements, buyer profrciency'réports. etc.).

Activities Report

A. Accomplishments to date
1. A aeneral Investigation of varjous types of managerial coentrol

systems in use has been made through a search of the literature in
the field to determine if an existing system could be used ét ARC.
There is a paucfty of material available concerning administrative
feedback in the public sector, and the information available seems
to offer the author's conclusion and not empirical evidence. The

~ effectiveness of feedback in the administration of public sector
subordinates seems to be based méiniy'on assumptions. In the
business sector, most applications have been concerned with overall
integrated management systems encompagslng all functional areas with-
in a profit oriented firm or have been cqncefned mainly with the |
delegation of authority and accouhtabltity to responsibility centers
such as cost or revenue centérs, profit centers, discretionary cost =
centers, of_investment centers. These industrial systems have littlé
applicability to ARC Procurement. Various_managémént“systems such
as MAPS--A computerized Management and Plannihg Syétem désfgnédbby
Donald R, Packe--are designed to prbvide'fast'and economical Informa-
-tion for managers of large technical projects but have ndt_dire;t
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application for ARC Procuremei.. Other systems in use such as comtract
management systems used by industrial firms to gstablish performance
measurement criteria on major defense contracts also do not have a
direct application for ARC Procurement. It is concluded that the
uniqueness qf the organization requires the design of an individual
system. The general outline of suech a2 system has been.developed and
conéeptually integrated with the Purchase Request (PR) tracking system.
The general type of reports which can be generated and the data base

are discussed below.

The advisability of using ‘standards' has been investigated. It

would appear that no single definition can encompass all meanings of
the term. While éircumstances may dictate comparison of present to
past performance, iﬁ is by no means clear that this is a pertinent
yardstieck. It does, however, provide a starting point. In most
organizations, the setting of standards is primacily an engineering
function. _Hhen establishing standards a decision must be made on

the level (tightness) at which the standavds should be set since
implicit in the concept of a sténdard is an accepﬁable level of perfor-
mance. A theoretical performance standard is a perfection standard
since it irepresents the best performance possible with the given
capabilities, This standard vould include allowance fgr rest periods,
but not for lost time. The standards are goals for improving efficiency

but the standards are not expected to be attained. Aﬁ attainable

- good perfermance standard does not eliminate lost time but includes -

this element to the extent that management considers it impractical
of elimination, An average past perfermance standard contains average
past inefficiencies of the organization. Such a standard is consider-

ably looser than the preceeding standards. Normal performance standards
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are expected to éharacterize-t\é average over a number of future
periods-—they are cften between the extremes of attainable good
performance and average past performance. Setting labor time standards
invglves two basic questions: 'what operations are to be p;rfcrmed and’
.what time is to be allowed in each operation, 'Estimnteslof what time
is to be allowed may be determined by averages of past perfbrmance,
time and motion study, test runs, advance estimates or standard motion-
time déta. 1f operations have been performed in the past, a siuple
way to se£ standards is upon averages of past performances. Time and
.motion study invélves study of average workmen with a stop watch as
the opera;ions are performed. Test runs may not be reliable because
the working conditions are never static and two johé rarely take the
same time. Advance estimates are primarily useful where the operation
has not been performed Before. Standard mdtion-time dafa involves a
system of predetermined times associated with basic or fundamental
motions. After a review of the literature in the field, it has

been tenatively concluded that the most appropriate standard for

use at ARC is a standard based on estimated past performance. The
classificgtion for various milestones performance will be'similar to
that developed by Langly Research Center (see Appendix 5-A) for a brief
description). The Langly Research Center estimates are the_calendar
days necessary .to reach certain milestones. ARC procurement will hayeA
similar but slightly different estimates as well as a different contract
classification. (see ARC classification in Appendix648), The original
estimared standards will be modified as more accurate informatien
becomes available through accumulation of historical data. The standard
‘labor hours necessary to achieve the milestones will also be developed
and modified as historical data Becomes available. While the basic
ﬁurpose‘of the standard is to crgaté“Visibility to management of -
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possible problems for investi ation, a secondary purpose is the devel-
opment oi a manpewer evaluation system (as explained in Professor

Pohl's track) as well as to help in manpower planning.

A management contrel system depends to a large extent on.the type of
data ba5e :hat is generated. Various conceptual types of data Bases
have been investigatéd. In view of a basic goal of this project--
achieving some 1e§eliof generality within the total NASA organization—~-
an;events mauagenent information system as proposed by Lieberman and
Whinston seems to be appropriate. While such a system uses a mass
data base, it enables each user to express his own view of the data
base allowing him to orgauize the format of reperts to suit his
individual preference. This type of data base has the capability of
usingrfunctiOns defined by the user to operate on selected data. The
management system makes use of this structured delinftion to retrieve
the desired information. Since the individual user is concerned with
only a portion of the entire data base, the subset data is used to
prepare the desired_reports. ‘

The following diagram indicates the relationship between the general

data base and the user's reports.
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4. Data base design. The data base will provide information for various

tracks in the research project: Procurcment Cycle Similuator Project, .

Work Load Scheduling Model, Determination of Influences on Corntract

Type and Structure, The ARC purchase request tracking system is

currently installed for contracts equal to or over $10,000. A weckly

status report as well as a weekly milestone report are prepared, (see

Appendix S-C for samples of the reports). The data base of the PR

tracklng system fcrms much of the central data base (JLLail of ‘the PR

data base is provided‘iﬁ Appendixs’D)- Additional data must be pro—'

vided by the Buyers as they cqpplete the followlng mxlestones

Ml Information available to suppnrt request
M2 Solicitation isaued

_s'u-_.



M3 Proposals recrived

M4 Proposals evaluated
M5 * Negotiations complete
Mé Contract awarded

To simplify the data collection tasks for the buyers, a perforated
route sheet will be aﬁtéchedfto the PR and as a milestone is reached
it can be detached and collected. 'At this time any expected deviation
from the standard time expected to achieve the next nilestone will be
‘recorded also, If the standard time is expected, no additional infor-
mation wi.. be neéessary.

Additional data must be provided to sghow the milestone standards in
hours and work days by the basic contract cidssification (this basic
classification is shown in AppendixS‘B)- This.standerd basic milestones
matrix can Be updated as additional historical information bccomés
available., 1In addition, a bridge table to convert the demand from

the varieus technical divisions into the expected volume of contracts
acéording to the b;sic contract classification must be provided. This
bridge table can‘élso be updated as historical data accumulate,

Data must also be provided by the review function concerpiﬁg quality
attributes. This data is necessary to help insure the éffectiveness of
the procurement mission and to assure that quality as wcil_as gtandard‘
time for the‘miiestones are considered. This data shoﬁld include
_direct feedback, perhaps on a sample basis, from the technical_
divisions. If it is desired to accumuiate data on an ongoing basis

. to determine Influences on Contract Type and Structure, the review
function will also have to furnish some additional informatiecu.

The following diagram shows the general:data base system. As explained_g
above, this genheral data base is moedified throﬁgh tranéformation‘n
routines to generate the reports mentioned in section 5 béLow.'.:
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5. Types of reports generated. The following reports are considered

part of the total management control system and can be generated in

any frequency desired.

A, Milestones missed--a report showing milestones missed on con-
tracts and the responsible buyer. This'reﬁdrt is based orn the

exception principle.

B. Manpower planning requirements-—after an estimate of contract demand
by techrical divisions has been provided, a report will be
.generated showing the manpower requirements necessary to process

the expected contracts according to the standards gstablished.

C. Buyer proficiency report--will show the details of. buyers
perfotmancé according to work measurcment and evaluatien criteria

established in Professor Pohl's track.
D. Productivity Analysis--a report showing the number of contracts
processed by basic contract élassification and total and average
. hours and days needed to'complete milestones.

E. Procurement cycle simulation--provides the details_of Professor

Vancura's track.
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c,

F. Purchase request tracking reports—-as presently generated.

(See Appendix 5-C for detail)

Work in progress

Currently the appropriate scope of the management control system is

being evaluated. - The éuestion under consideration is the following:

should the system be completely automated from the task of printing contracts
to generating reports or mu;t there be several subsystems? This question

is most applicable vwhen considering the generality of the system to HASA

as a whole. 1In addition, evaluation of the appropriate computer configur-

ation is urder consideration.

Description of problems encountered

1. Originally there was a problem in the linkage of the management

control system with the PR tracking system. This problem has been

overcone.

2. The problem of adjusting coeefficients used in the input-output
report férmat'(o:iginally a conceptual problem) has been solved by
selection of a standard based on estimated average past performance.
As discussed above, there are two basic types of standards~—enginéered
and historical. The use of a historical standard allows ﬁodificatignx

when working conditions change as indicated below:

Change
in

Standards

Feedback
Standards [V ~ ~ -~ -~~~ T-7T— /™I ’

Matrix ' ' :'

(estimated) :

: 1

Update =
Routine —| Report]
/  Historieal

Rt Bgrformanee
. Data
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.3. One problem which has not been solved is the availability of

past performance data. The lack of data necessitates a period for
data accumulation before some reports become operational. The only
practical effect, however, is to delay implementation. It will also
be necessary to gather data for use in other tracks of this research

project as discussed above.
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