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PERT has proved its usefulness as a device for con



trolling time 
in

 project scheduling. Now it offers the  
promise of optimizing project costs—if the account

ant can 
find

 a way to provide the needed data.

PERT/COST

 
THE CHALLENGE

by Don T. DeCoster
University of Washington

Each day that passes sees the

 

growth of new management
 planning and control tools. Many of

 these new tools leave the account
ant with the unhappy feeling that

 he should be participating in their
 use but that he lacks the orientation
 for active involvement. The desire

 of the accountant to become in
volved with these tools is evident

 from the growth of “management
 planning and control” chapters in

 textbooks and the numerous articles
 dealing with the managerial aspects
 of accounting output.

One of the newest tools, if evi


denced by current publications, is

 Program Evaluation and Review
 Technique (PERT). Recently, there

 have been many discussions, publi
cations, and applications of this

 

technique. PERT’s acceptance has

 

been widespread. The accountant
 must become involved with PERT

 if he accepts the challenge of
 Norman Bedford that “the account

ing profession has the potential to
 become one of the great professions

 if it will accept all phases of mea
surement and communication of

 economic data as within its prov
ince.”1

The principal

 

motivating  factor in  
PERT development has been the

 growth of the concept of systems
 management within the military

 services. With programs of un
precedented size, complexity, and
 breadth, an integrating device has
 become mandatory. In addition,
 time is of the essence in weapons

 system design and development.
 

PERT/Time has been a powerful

 

tool in the kit of managers for
 planning, co-ordinating, and inte

grating these weapon systems.
The culmination of PERT/Time

 
is the network. This network is a

 pictorial representation of the events
 and activities that lead to comple

tion of the end objectives. The
 events represent

 
the beginning and/  

or ending of activities. An event is a
 specific accomplishment, or mile

stone. The activities represent things
 that must be done in going from
 one event to another. The activity

 is the time-consuming task. The
 activities are related to their order

 of precedence in accomplishing the
 events. The end result is a network

 depicting a well-thought-out plan.
 After the flow of activities and

 

13 1

DeCoster: PERT/Cost: The Challenge

Published by eGrove, 1964



events is mapped, schedule timing

 

can be superimposed. When com
pletion times are included on the

 activities, the critical path (longest
 time path) can be determined.

At this point the manager has a

 
tool which needs no further justifi

cation. The network presents a clear
 picture of all the activities and

 events that must be accomplished
 before the end objective can be at
tained. The individuals with respon

sibility for accomplishment will
 have discussed all of the relation

ships, potential drawbacks, and
 completeness of the plan. When

 times are imposed upon the plan,
 the problems of a timely completion

 are apparent. The activities affecting
 a timely completion and the sched

ule’s effect on workloads are laid
 bare for scrutiny. When actual
 times become available, the updated

 estimates provide a dynamic control
 tool to anticipate adverse results.
 There can be little question that

 PERT/Time is a tool which, when
 applied with common sense and

 vigor, represents a “breakthrough”
 in management planning and con

trol of
 

the valuable resource of  time.

Time-Cost Mix
PERT/Cost is, in reality, an ex



pansion of PERT/Time. With times
 indicated on the network, it be
comes possible to consider alterna

tive plans of action. As the network
 is being developed, time-options are

 presented which can be considered.
 Techniques of system stimulation
 can be employed to ensure that the
 activities and events will lead to the
 best climax. The next logical step,

 with time-options available, is to ob
tain the optimum mix of time and
 cost. This has led to the attempt to
 assign costs to the activities on the

 network. An additional advantage
 when costs have been assigned to
 the network for time-cost options is
 that they can be summed for total

 cost planning and control.
The development of a system for

 
cost accumulation synchronized

 with the PERT/Time network must
 be founded upon objectives consist

ent with the responsibility of man
agement. In program management,

 

the manager is faced with a twofold

 

job. He is charged with the financial
 planning and control of his firm’s

 resources, while at the same time he
 is committed to delivery 

of
 the end  

items with a minimum of cost in
currence to the customer.

This was recognized by the de


velopers of PERT/Cost, NASA and

 the Department of Defense, when
 they visualized it as a three-part
 system.2 basic PERT/Cost is in

tended to assist the project man
agers by assigning costs to the

 
work 

ing levels in the detail needed for
 planning schedules and 

costs,
 eval 

uating schedule and cost perform
ance, and

 
predicting and controlling  

costs during the operating phase of
 the program. In addition, there are

 two supplemental procedures. The
 Time-Cost Option Procedure dis
plays alternative Time-Cost plans
 for accomplishing project objectives.

 The Resource Allocation Procedure
 determines the lowest cost alloca

tion of resources among individual
 project tasks to meet the specified

 project duration. The basic system
 is to provide total financial planning

 and control by functional responsi
bility, while the two supplements

 are to achieve minimum cost incur
rence.

The concept of cost predetermina


tion for planning and control is not

 new to the accountant. The entire
 function 

of
 budgeting is predicated  

upon predetermination. Compre
hensive budgeting relates income

 budgets, covering revenues and ex
penses, to the financial goals of the
 firm. The expense budgets lead to
 financial planning and control via

 projected income, while at the same
 time the flexible budget and the 

expense forecasts serve 
as

 tools for  
decision making by relating costs to

 volume.
PERT/Cost estimates are a new

 
way of looking at

 
the expense budg 

ets. If properly conceived, they can  
become an integral part of the com

prehensive budget program. Yet
 they differ from conventional ex

pense budgeting in certain respects.
 From the financial planning and

 control viewpoint, the PERT/Cost
 estimates are not concerned with

 accounting periods. PERT/Cost is
 

activity oriented. There is a cut



ting across of organizational struc
tures and time periods to define

 “things to be accomplished.” The
 focal point of cost accumulation
 shifts from the department to the
 project work package. The annual

 budget is bypassed to encompass an
 end item accomplishment. From the

 detailed decision-making viewpoint,
 where the flexible budget normally

 uses volume as the factor of varia
bility, PERT/Cost attempts to use

 activity time. These two differences
 will now be examined in more de

tail.

Cost Framework
The establishment of a PERT/

 

Cost system begins by developing a
 framework for gathering cost data

 and preparing the schedule for 
all activity levels. The project is de

fined, then broken down into end
 item subdivisions, and then into

 work packages which are assignable
 to front-line supervision. The inte

gration of the work packages is ac
complished through the convention

al PERT/Time network. When the
 interrelationships and time paths

 have been plotted, the responsible
 operating and managerial personnel

 develop cost estimates for each
 work package.

It is important that both cost and

 
time be planned and controlled from

 a common framework. From such a
 framework, the

 
managers can obtain  

an accurate picture of progress and
 at the same time appraise realistic
ally the consequences of alternative

 courses of action. The PERT/Time
 network is this common framework.

 This imposes upon the network de
velopers the responsibility of care

fully defining the activities so that
 they can represent cost centers as

 well as the areas of work effort.
The identification of the project

 

objectives in terms of end items is
 the starting point for network design

 to be used with PERT/Cost. By
 using a top-down approach in the
 development of the network, the to
tal project is fully planned and all

 components of the plan are in
cluded. Standard units for the
 breakdown of work below the proj-
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LEVEL
1

Simplified Example of a Work Breakdown Structure

 

and Account Code Structure (s) 20000  
Missile

 Weapon System

(s) 21000

 
La

unching 
Platform

(s) 23000
 

Guidance &
 Control Set

(s) 28000
 

Training
(s) 22000 

Missile

(s) 22300

 

Ballistic
 Shell

(s) 22200
 

Re-Entry
 Vehicle

(s) 22100
 

Propulsion
 Engine

(s) 22900
 

Systems Eng.
3

2

ect level are system, subsystem,

 

task, and subtasks. The work break
down continues to successively low

er levels until the size, complexity,
 and dollar value of each level is a

 workable planning and control unit.
 These subdivisions are end item
 subdivisions representing horizontal

 segments of the total project. The
 final step would be to divide each

 of these end item subdivisions into
 the tasks that must be done to com

plete them; i.e., design, manufac
turing, testing, and so forth. This

 concept is demonstrated in the il
lustration3 on this page. It is this

 project work breakdown that serves
 

as
 the input data to the network.

The theoretical optimum level

 

of cost accumulation would be the
 functional level of each of the end
 item subdivisions. For example, a

 cost account would be established
 for mechanical engineering of the

 instrumentation, one for manufac
turing, and one for testing. The

 PERT/Cost estimates would then
 be made for manpower, material,

 and overhead charges for each of
 these work packages. It is obvious

 that a cost accounting system broken
 down into such intricate detail
 would comprise numerous accounts.
 The pragmatic number of account

 subdivisions will naturally depend
 upon the detail needed for planning

 

and control, the dollar value of the

 

subdivisions, the activity time on
 the network, and the machine and

 personnel capacity available. 
A practical compromise is often nec

essary.

PERT/Cost Cost Development
Once the network

 

has been estab 
lished, based upon the project work

 breakdown, costs can be estimated.
 If the breakdown has been made
 satisfactorily,

 
it will  serve as both an  

estimating and actual cost accumu
lation vehicle. The proper imple
mentation of PERT/Cost, like

 budgeting, must rest upon active
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participation by the responsible ex



ecutives. This was
 

recognized  by the  
NASA/DOD PERT/Cost Guide

 when it was recommended that the
 operating and management person

nel develop the cost estimates for
 each work package.4 As with budg

eting, any accounting work during
 the estimation period would be of

 co-ordinating nature.
The development of the cost esti


mates must rest upon a sound philo

sophical basis consistent with man
agement needs. Presently there are

 four approaches to developing the
 cost estimates:

1.

 

A single cost estimate of expected  
actual cost

2.

 

Three cost estimates combined  
by formula into expected cost

3.

 

Optimum time-cost curves (used  
in construction industries and by

 NASA/DOD Resource Allocation
 Procedure Supplement)

4.

 

Three separate cost estimates  
(used in the NASA/DOD Time-

 Cost Option Procedure Supple
ment)

Each of these theories of PERT/

 

Cost estimating has 
as

 its goal the  
assigning of the best cost estimates

 possible to the network. Yet each of
fers the manager separate, distinct

 planning capabilities.
A single cost estimate of expected

 
actual cost is based upon the sum

mation of the cost elements. These
 estimates are first made by deter

mining the manpower, material, and
 other resources required

 
to complete  

each work package. The estimates
 for the direct costs applicable to the

 network activities are expressed in
 terms of expected dollar expendi

tures. Indirect costs may then be
 allocated to the individual work

 package or added to the total cost
 of the project.

The three-cost-estimate approach

 
has 

as
 its goal the determination of 

the “expected cost.” The advantage
 of the three cost estimate over the

 single cost estimate is that the re
sult is subject to probability anal

ysis. The formula combines an opti
mistic, most likely, and pessimistic

 

cost estimate. The mean cost for

 

each activity is calculated by the
 formula:

Ce = Cp 4Cl + Co

6
where CP is the

 

pessimistic  estimate,  
CL is the most likely cost, and Co

 the optimistic estimate. The stan
dard deviation 

of
 the cost distribu 

tion can insert probability into the
 analysis. With this expected cost,
 the manager cannot necessarily as

sume that he has the optimum cost
time mix. However, if the cost esti

mates are realistic, the probabilities
 of achieving the expected cost can

 be used for project negotiations.

Figure A

A

 

third approach  to cost estimates  
is the optimum time-cost curve con

cept. This is differential costing with
 time as the factor of

 
variability. The  

intention 
of

 this approach is to op 
timize time and costs by using opti

mum estimated costs. It assumes
 there is a direct relationship be

tween time and costs on any ac
tivity. This relationship can be ex
pressed by a continuous curve. If a

 cost curve can be developed similar
 to Figure A, many insights can be
 gained. Network schedules can be
 modified to obtain the lowest cost

 commensurate with the customer’s
 delivery desires. Other questions

 can also be anticipated—questions
 such as: How long will completion

 take with a fixed budget? What will
 the costs be to complete the project

 within a given time period? In the
ory this concept is undoubtedly su

perior to either the one or three
 formula estimates, but

 
without com 

plete historical cost data the devel
opment of this curve is impractical.

Because the development of con



tinuous time-cost curves for all ac
tivities is extremely difficult, if not
 practically impossible, the Resource

 Allocation Supplement to PERT/
 Cost was developed. This supple
ment is a variation 

of
 continuous  

time-cost curves which can be used
 in planning a small group of sig
nificant activities representing only
 a minor portion of the over-all proj

ect. This method is also based upon
 the concept that activities are sub
ject to time-cost tradeoffs. The steps
 of this procedure are shown in the
 diagrams in the illustration on page

 17.4
Another alternate

 

to overcome the  
practical problem of the continuous

 cost curve is a linear function based
 upon two time-cost relationships.

 The cost and time expenditures are
 forecast for two conditions: normal

 and crash. The normal point is the
 minimum activity cost and the cor

responding time. The crash point is
 defined 

as
 the minimum possible  

time to perform the activity and the
 related cost. A linear function is as
sumed to exist between these points.

 Figure B shows this graphically.
 This method is similar to the high-

 low point method of fixed and vari
able cost determination and 

suffers from the same type of criticism.

Figure B

The problems of realistic estimates,

 

discretionary costs, stair-stepped
 cost functions, incorrect correlation

 between time and cost, and external
 factors are continually present. It is

 justifiable due to its relative sim
plicity when the element of nonpre

dictable error can be permitted. A
 simplified, but typical usage is
 shown in the illustration on page 18.
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The NASA/DOD PERT/Cost

 

Guide presents a time-cost option
 (called the Time-Cost Option Pro

cedure Supplement) based upon
 three time estimates. The single esti
mate of expected cost and

 
the three-  

cost-estimate formula methods do
 not indicate whether there may be a

 substantially more efficient alterna
tive plan. The continuous cost curve
 concept provides these data,6 but

 requires considerable sophistication
 in cost analysis, or else, considerable

 supposition. The time-cost supple
ment recognizes that a single esti

mate will normally be used for con
tract proposals and that additional

 data are needed to provide informa
tion as to the amount of time that
 might be saved by spending more

 money or the amount 
of

 money that  
could be saved by extending the

 contract time. The three time esti
mates used are:

The most efficient plan. This is the

 

network plan that will meet the
 technical requirements 

of
 the proj 

ect utilizing the most efficient use of
 present resources. This is the plan

 that would be chosen without budg
et and time constraints.

The directed date plan. This is the

 

network plan developed 
to

 meet the  
technical requirements 

of
 the proj 

ect by the specified completion date.

The shortest time plan. This is the

 

network plan that will meet the
 technical requirements of the proj

ect in the shortest possible time.

Since the desired plan is the most

 

efficient plan, any study should be
gin there. This most efficient plan
 must then be modified to achieve the
 project’s objectives by the specified

 date. The most efficient plan when
 altered to attain the desired delivery

 date becomes the directed date plan.
 The directed date plan is then re

vised to obtain the shortest time
 plan. The work packages that have

 not changed in evolving the alter
nate plans will utilize cost estimates
 for the most efficient plan. New cost

 estimates will be necessary only on
 those work packages that are ex

pected to increase or decrease be
cause of the modifications. With

Step 1: Construct Network

Step 2: Obtain Alternative

 

Time-Cost Estimates
 for Each Activity

Step 3: Select the 

Lowest

 Cost  
Alternatives for Each

 Activity

Step 4: Calculate Critical Path

 

and Compare with the
 Directed Date

Critical Path is 5
Directed Date is 4

Step 5: Adjust Critical Path

 

to agree with Directed
 Date using Lowest Costs

Critical Path is 4
Directed Date is 4

A Summary of the Resource Allocation Procedure

In 

the

 Resource Allocation Procedure, we can determine how to accomplish a  
project by a specified date at minimum cost. The critical path here is the path

 from Event I to Event 2, and from Event 2 to Event 3 since this will require five
 days at absolute minimum costs. But the Directed Data for completing the proj

ect is four days from its beginning. Thus, from the time-cost chart, we find that
 we can cut the time between Events I and 2 to one day, but we double the cost
 of this activity. Since shortening the time of the second step in the critical 

path would cost more, however, we choose to reduce time of the first step to one 
day.

three estimates on these work pack


ages, the customer is apprised of the

 impact of his decisions during ne
gotiations. Once the customer has
 made his decision, the appropriate
 cost estimate can be assigned to the

 network.
These cost estimating techniques

2

Time

2

Time

3 -

represent the current approaches to

 

computing forecasted costs. When
 coupled with a sound approach to

 determining the project work break
down, forward planning is definitely

 facilitated. To this point
 

PERT/Cost  
is a planning tool, but the loop be

tween planning and control is not

175
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An Illustration of Normal-Crash Procedure

The critical 

path

 of this network is eleven days. To accelerate the program one  
day, activities B, G or D must be condensed one day. Based upon cost curves

 computed on a normal-crash basis, the table of costs below is available.

Since Activity D costs $40 to accelerate whereas Activity G costs $70 and

 

Activity B, $120, accelerating Activity D is least expensive. The total cost of
 completing the program in ten days is $690 ($650 + $40). By compressing the

 project one day, Activity F enters the critical path. To accelerate 
the

 program to  
nine days the following activities 

could
 be reduced: G and F at a total cost of  

$100 or B at a cost of $60. Therefore, for the reduction to nine days the cost
 would be $750 ($650 + $40 + $60).

Activity Normal Crash Acceleration

 

Cost per DayDays Cost Days Cost

A 2

80

1 130 50
B 3 70 1 190 60
C 6 no 5 135 25
D 4 60 3 100

40

E 2 90 1 100 10
F 7 85 6 115 30

G

4 105 3 175 70
H 3 50 2 70 20

Totals 650 1015

closed. For control there must be

 

comparisons of actual cost expendi
tures with those estimated during

 the planning stage. The accountant
 must play an active role when the

 loop is closed between the planning
 and control phases. The generation

 of feedback data consistent with the
 planning stage calls for a chart of

 accounts correlated to the PERT
 network.

The PERT/Cost Challenge
The accountant is charged by

 

management and society with pro
viding financial information for 

all levels of decision making. If the ac
countant is to serve the managers

 effectively, he will have to broaden
 his influence beyond the confines of

 

historical data to include all areas

 

of the firm and the future. PERT/
 Cost offers him one challenge in

 this direction. It can be seen that if
 PERT/Cost can be co-ordinated

 with PERT/Time, the manager has
 an excellent tool for project plan

ning and control. In addition to fi
nancial reporting both on the total

 cost level and the individual man
ager’s level, it offers distinct oppor

tunities for decision making during
 both the planning and control

 phases.
The discussions here might lead

 
one to believe that PERT/Cost of

fers no problems. Unfortunately,
 this is not the case. Despite the po

tential there are basic problems. An
 enumeration of some of these prob

lems would include:

1.

 

PERT/Cost for decision making  
in optimizing costs requires a 

sophistication of cost analysis that is
 not possessed by some firms.

2.

 

There is a lack of historical in 
formation for assigning costs to net

works since the concept is new.

3.

 

There is difficulty  in making proj 
ect costs compatible with fiscal

 practices.

4.

 

The problems of overhead  
charges, joint costs, and incompati

bility 
of

 the organizational cost flow  
with the functional flow are numer

ous.

5.

 

There is a problem of reconciling  
the “jobs’’ that are using PERT/Cost

 with those that aren’t for fiscal re
porting.

6.

 

The personnel and machine capa 
bilities are not always available.

7.

 

Cost accumulation for financial  
stewardship reports can conflict

 with the cost centers for PERT/
 Cost and can therefore create re

dundant systems.

8.

 

The conversion of project orient 
ed costs to mesh with annual

 budget concepts requires additional
 analysis.

If the problems associated with

 

PERT/Cost can be resolved, PERT
 with COST could be considered a

 major breakthrough as was PERT
 with TIME. The majority 

of
 the po 

tential problem areas with PERT/
 Cost lie in the controller’s depart

ment. These difficulties present a
 very real challenge to the control

ler. PERT/Cost is putting the adap
tability of the accountant to the test.

1J

ohn

 L. Carey, The Accounting Pro 
fession: Where Is It Headed? (New York,

 American Institute of CPAs, 1962), p.
 94.

2DOD and NASA Guide: PERT/Cost.

 
Published by the Office of the Secretary

 of Defense and the National Aeronautics
 and Space Administration, June 1962.

3Ibid., p. 28.
4Ibid., pp. 109-113.
5Glenn Welsch, Budgeting: Profit Plan



ning and Control (Englewood Cliffs,
 N. J., Prentice-Hall Inc., 1957), pp. 173-

 174.
6See Figure A on page 16.
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