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PREFACE

In the continual changa-demand environment of public school educatica,
many management problems can be avoided through the use of systematic
plarnning, evaluation and review procedures. The benefits to be derived
through their use are illustrated by the following anecdote:

Early in his career, Henry Ford, in granting a sub-
contract for engine parts, specified that these parts were
to be delivered in wooden boxes of a cecrtain size, held
together by screws, not nails. He even indicated the exact
size and location of the screws.

In order to receive this lucrative ordev the subcontrac-
tors willingly accepted the conditions, although they pri-
vately agreed that ''this guy Ford is slightly batty." Many
of his own employees felt that th~ 'cld man'" was being unneces-
sarily dogmatic about the shipping cases, too, but they
chalked it up to erratic genius.

Came delivery day--and revelation. Henry Ford's "whimsy'
had been the work of genius all =ignt, but hardly erratic,

The sides of those precisely measured wooden shipping boxes
were exactly the size of the floorboards of Henry's Fords.
{Hth each screw hole correctly placei and drilled, the boards
were ready to be slipped into place.

o it oot

This monograph presents the 'why's," 'when's," "what's," "where's"
and "how's" of network-based management procedures. It is designed to
serve a3 a training and maragement referent. As a training referent,

it provides an integrated treatment of network-based management concepts
and principles. It provides operating definitions for relevant terms,

discussionn of five network-based management procedures and their respective

1George Relf, quoted by Helen Houston Boilear, Reader's 21$est
Tveasury of Wit and Humor (Pleasantville, New York: The Reader's Di
Association, Inc,, 1958), p. 302.
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values and limitarions and practicum exercises for skill development.

As a management referent, it provides a systematic perspective
and guidelines for program management, procedures for utilizing
available inputs for effective and efficient achievement of objectives,
and other'managerial procedures that can be used to plan, implement,
control and evaluate proposed ard/or actual performance toward the
achievement of valued benefits.

Network-based management procedures can be used at all levels of
organization in an educational system. Significant demands on the time
of educational managers are generated by increasing problem complexity
and the criticality of time, cost and technical requirements. The
resolution of most educational problems requires establishment and
maintenance of multiple human relations. Systematic procedures,
operations and processes uust be developed across the interfaces between
and among individuals and groups in the educctional system., Establish-
ment of effective and efficient working relations and intevractions across
these interfaces requires both time and coordinated effort on the part of
management.

' Time expended in planning, evaluating arnd reviewing performance efforts
and related achievements too often is miniral hecause of routine operational
demands on manageuent. Operational crises frequentiy require management
decisions in a stringently limited 'real time" period.2 Suffictent time
often is not availabla for thorough appraisal of alternative rhoice-
consequence relations, nor for evaluation of the on-going course >f

verformance. As a result, management frequently is forcel to act without

2Real time is that period of time between the decision event and
Q the deadline for completion of desired actions.
WJ:EEE
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sufficierit information for decision making.

When network-based management procedures are used in planning
specific prearams; mission, furction, task and methods-neans aaalyses
must be performed for each operational level of the progrem. Mission
analysis results in a priority-arranged hierarchy of goals and objectives,
Function analysis is performed to assess essential organizational activities
in relation to the purpcses established in mission analysis. Task analysis
results in the definition of individual or group activities in ‘erms of
essential organizational functicns and establishad purposes, Methods-neans
analyses are performed with duz respect for and in relation to the products
of mission, function and task analyses.

The results of these analyses are graphically displaced in a time-
phased management plan which reveals organizational, managerial and
operatioral relations, interfaces and interactions. These analytical
products provide managers with lools ;hat are useful in coatrolling work
and progress more efficiently and effectively in terms of verifiable
performance objectives. Further, these tools provide visual communication
referents and guides for action in managing complex programs, in solving
critical problems and in making program-related Jecisions relevant tc
purposes, priorities and policies.

The writer expresses his appreciatfion to authorities listed in the
bibliography. Much of the content presented is based on concepts cesigned
and developed in these sources. Thanks are extended to Helen and Luther
Smeltzer who edited this monograph. Further, the author acknowledges
the time and energies of Donald R. Miller, Director of OPERATION PEP, and
Ted M. Rogers, Lynne Svenning, Sheldon Varney, Virginia Carroll, Richard

Wehe and others on the OPERATION PEP staff who offered many helpful
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suggestions, Responsibiiity for information presénted, however, rests
with the author. Suggestions for improvement and/or revision will be

gratefully appreciated by the author.

Allen L. Buckner

Burlingame, California
February 1970
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CHAPTER I

AN INTRODUCTION TO NETWORK~BASFD MANAGEMENT PROCEDURES

Network-based management procedures can be used as tools in educational
management, Promising network-based procedures for education include:

1. Planning, Evaluation and Review Technique (PERT)

2, Critical Path Method (CPM)

3. Line of Balance (LOB)

4. Gantt Bar Charts

5. Milestone Charts

6. Flow Charts.

Definitions of Network-Based Management Procedures

Network-based maragement procedures are visual communication referents
and guides t¢ acticn for managers at multi-levels in educational organiza-
tions. They are synthesis tools which aid in planning and managing time,
cost and technical considerations in complex and/or critical programs of
planned change. All rcrsonnel involved in programs using such tools can
see che relations between individual responsibilities and program activities

as a4 whole.

ERIC | 12
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A Participative Management Perspective

Interaction among managers with varied experiential backgrounds,
training, capacities avd capabili:ies is required for analyses and develop-
ment of network designs. Pavxticipation in organizatfonal plarning serveo
as a catalyst for Improving organizational morale and communication. Team-
work will result in a more acceptable plan of action than irdividualistic
efforts. Eckman emphasized the need and value of teamwork by stating:

The system analyst is not a know-all, see-all, hLear-all

omuipotent: but rather a legitimate experf in the method-

ology and techniques applicable to the study of complex

systems. Hence it is concluded that every worthwiile and

purposeful systems snalysis must be accomplished by more

than one person. Call this group a team if you like, but

regardless of whether the team interplay is formalized or

not, the interchange is a necessary activity.

In an organizational climate of participative management, people repre-
senting all levels of cperation will be iunvolved in deriving, specifying
and integrating statements of organizational purpose and plans for :cheir
achievem~nt. Individuals involved in specific operations will participate
in the defiricion of verifiable performance objectives and in the analysis
of relevant functions &nd tasks required for successful achievement. The
arimary benefit to be realized through participative msnagement is the
definition of valid, relevant, feasible, acceptable and reliable alter-

natives which are consistent with the strategic plans of the organization.

Interaction and coamunication during these objective-setting processes also

facilitate davelopment of activity-oriented and event-oriented ne:works,

workflow plans and work analysis struciures.,

O

ERIC
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Plaaning, Evaluation and Review iechnique (PERT)

Definitions and Aspects

The acronym FERT ttands for Planning, Evaluation and Review Technique.
It is a time- and cost-phased graphi: display of objectives, functions and
tasks and tueir prerequisite cccurrences arranged logical'y in sequeﬁce and
parailel.

PERT/TIME is a management technique to determine, plan for and m: nage
time necessary to the achievement of prespecified objectives.

PERT/COST is a management technique for equating planned program per-
formance and planned resources utilization to actual accomplishments and
expended resou-ces.

Planning is the conscious determination of alternative courses and/or
methods of action for azcomplishing a valued target in light of relevant
éituations and conditions, future probabilities and perceptions of conse-
quences to be experienced. It includes assessment, integration, time-
phasing, cost estimates, evaluation rnd communication in relation to the
target. Products >f planning are clearly and cogently stated objectives and
strategies for action. These products are developed by:

1. Analyzing, e..luating and interpreting relevant data in relation
to objectives to be achieved

2, Systematically appraising choice-consequence relations
3. Selecting preferred alternatives for the achievement of objectives

4, Sirulating and graphically porcyraying the functions and tasks
(werk) required to achieve each objective

5. Determining probability factors for successful and effective
achievement.

Planning and its products must he related to and internally consistent with

114
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relevant organizatiunal philosophies, purposes, priorities, policies and

programs.

Evaluation is the process of fixing the value of relevant decision and
action alterrniatives. Evaluation is performed to determine cause and effect
relations amung alternatives. The evaluation process includes:

1, Simulating the choice-consequence relations for priority alterna-
tives

2. Comparing planned with actual performance achievemirts in terms
of time, cost and technical requirements

3. Determining the effectiveness of actual performance in relation
to organizational purposes, priorities, policies and programs.

The product of evaluation is complete, accurate, relevant and timely informa-
tion for decision making.

Review is the process of continuously and judiciously examining the
planned course and/or method of performznce in light of actual achievements.
It entails the continuous re-examinatinn of the on-going course of perfor-
mance using the products of planning and evaluation.

As in the case of planning and evaluation, review procedures must be
intarnally consistent and compatible with organizationul purposes, prioritie:
policies and programs.

Aspects of PERT include:

1. Prescriptive planning to determine definitive courses and/or
methods of action through time

2, Continuous review and evaluation of temporal, monetary and tech-
nical considevations during the on-going course of performance
to determine status of actual performance related to plan

3. Flexible adaptation as replanning may be desired and/or required.

5 Qo slr'
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Critical Path !Method (CPM)

Definitions and Aspects

The Critical Path Method (:PM) is a management technique to determine
the Critical Path(s) (CP) throughout the planned course of performance.
The Critical Path is the most time consuming sequz2nce of activities leading
to achievement of the program objective(s).

Aspects of the CPM include:

1. Definition of the most time consuming path(s) leading to objec-
tive(s) achievement

2, CTCelineation of information that is compatible to the problem finding
problem solving and decision-mzking requirements of management.

Description of PERT and CPM as Network-Based Management Procedures

As management tools, PERT and CPM must incorporate these selected
descriptive terms:

1. Analysis--Determination of relations of organizational functions
and/or individual tasks to each other and to the whole is inherent
in the analytic process. An objective of analysis is the clarifi-
cation of raquired functiors and/or tasks and is achieved by
separating a complex whole into manageable parts and by examining
the relatinns among functions which produce desired input-output
transformations,

2. Planning--Functions and/or tasks must provide for definitive
determination of courses and/or metliods of action to achieve pre-
apecified objectives. Plarning involves assessment, evaluation,
organization and communication of program objectives as they
relate to strategic plans of the organization.

3. Control--Functions and/or tasks must be managed tc achieve con-
tinuvous review and evaluation of planned courses and/or methods
of action on the bases of established standards. PERT is des{gned
to provide for initiation of corrective action when a.tual perfor-
mance deviates from plan. Control procedures are required to mabt»

o b 6
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continuous self-correction and revision of objectives, plans,
strategies, procedures and methods-means employed in performance.

4, Evaluation--The process determines or judges the value of per-
formance aud/or assigns qualitative and quantitative values to
planned performance outputs. Complete, accurate, relevant, timely
and valid evidence of achievement is a vital output of evaluation
processes.

5. Feagibility--A measure of organizational capability and capacity
to perform required work for each function and/or task specified
in the prougrzm plan. Inter, intra and ext=za-organizational needs
and requirements must be specified and considered.

6. Probability--A measure of chance and expectancy relative to the
performance of organizational activities {functions) and/or
individual activities (tasks) within estimated time, cost and
technical limits. Determining probability for the achievement
of innovative educational .program objectives within an estimated
time pericd is a major benefit of PERT.

7. Interrelation--Functions and/or tasks must be clearly related to
each other and to relevant organizational purposes, priorities
and policies.

8. Integration--Functions and/or tasks must be systematically inter-
related to achieve a desired performance outcome and/or state
and must bring the parts within the whole. The actions, patterns
and structures of the whole must be planned, organized, directed
and controlled toward the achievement of program objectives.

9. Interdependencies--Functions and/or tasks may be dependent on each
other. These relations must be assessed and managed to achieve
effectiveness and efficiency in working toward commor progran
objectives. Management of interdependencies requires a closed-
loop communication network to stimulate free exchange of information.

10. Repc.ting--Feedback control channels establish closed-loop patterns
for regulatory or managerial action that focus upon the ex:cution,
evaluation and revision of peiZormance factors and the org.:uization.
Reporting is a managerial control action that feeds informat!on
regarding the demonstrated performance outputs of functions and/or
tasks back to the managerial level of organization where it can be
compared with information regarding inputs, operational plans
and activities and prespecified objectives.

In summary, PERT and CPM are management tools which:

1. Are based on detailed appraisal and specification of desired
objectives

2, ?Pocus on the management processes of planning, implementing,
controlling and evaluating

El{llC 17
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3. Encompass human interrelations, interfaces and interactions
in performance

4. Treat time, cost and technical considerations

5, Facilitate determiuation of probability factors for success.

Comparison of PERT and CPM

Within the last decade, PERT and CPM hLave besome valuable tools for
managing complex Programs in industry, government and education.
PERT a.d CPM differed in their original conceptual design in these
ways:
1. PERT used a method based on probability (i.e., three time esti-
mates) for predicting duration of an activity. CPM originally
used the deterministic method which includes only one time

estimate for an activity.

2. PERT was designed as a program control tovl. CPM was initilally
concelved of as a program planning tool.

3. PERT was designed to be either manually or computer operated.
CPM was designed as a computer-oriented management tool.

4. PERT was initially designed as an activity-oriented management
tool. CPM wes conceived as an event-oriented management tool.

Today, each tecinique:

1. May use one or three activity time estimates

2. 1s equally applicable both to planning and control

3. May be either computer or manually operated

4. May be either activity orientd or event oriented.
Options that relgte to one alqo_apply to the other. Botb network pro-
cedureé are equally applicable to planning and to controlling programs
of educational change and both relate to the informational requirements
of decisicn making.

ERIC 18
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Maragerial Uses of PERT and CPM

If PERT/CPM networks are applied to situations where many performance
factors are uncertain and/or unknown, then they can serve as valued tech-
niques for determining program time, cost and technical requirements in
terms of prespecified purposes and alternative plans for their achievement.
Critical and/or complex educational programs of planred change reyuire
that management be able to respond to unexpecfed performance deviations,
The use of network-based procedures enables management to develop an
effective and timely response to deviations by identifying them at points

of departure from plans.

Line of Balance (LOB) Charts

Definition and Aspects

Line of Balance Tharts are output-oriented management techniques.

They are visual represantations of plans for artion. They are tools that
enable management to make systematic performance comparisons of key
milestonee leading toArecurring objective(s) achievement.

Aspects of LOB Charts includes

1. Systematic appraisal of temporal relatlone‘among activities

2. Continuous evaluation of performance and early identification
of performance deficiencies at specific control points

3. ERarly assessment of interdependency, interrelation, interaction
and interface requirements.

El{llC -19
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Description of LCB Charts as Network-Based Managcment Procedures

LOB is a nanagement tool which:

1.

2.

3.

Permits comparison b~tween planned activities and actual
achievements

Displays the interrelaticns, interfaces and interactions in a
work flow sequence

Serves as a referent in assessing performance deviations from
plan at points of departure from plan.

Managerial Uses of LOB Charts

Line of Balance is used in planning and controlling time, cost,

schedule and performance requirements of recurring programs.

Gantt Bar Charts

Definition and Aspects

Gantt Bar Charts are process-oriented network tools used te plan and

manage performance tasks through time. They represant a planned course of

action and provide a means for comparing actual performance with planned

performance.

Aspects of Gantt Bar Charts 1nclude;

1.

Planning a cour~e and/or method of action leading to objective
achievement when multiple interfaces and/or interactions are not
required

Continuous review and evaluation of performance tasks

Simplicity and clarity in design.

« 20
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Description of Gantt Bar Charts as Network-Based Management Procedures

Gantt Bar Charts are management tools which:

1. Permit comparison between planned activities and actual
achievements

2. Are simple to construct, read and interpret

3. Serve as communication referents.

Managerial Uses of Gantt Rar Charts

Gantt Bar Charts are process-oriented and are useful in planning and

managing educational programs when multiple interfaces and/or interzc:ions

are not required.

Milestone Charts

Definition and Aspects

Milestone Charts are product-oriented network techniques that aid

the planning ard managing of performance functions through time. Milestones
represent planned event occurrence and provide a means for comparing
actual achievements with planned outputs at specific control points.

Aspects of Milestone Charts include:

.1, Planning the cccurrence of performance events through a time-
oriented framework

2. Evaluation of performance outputs during the on-going couise
of performance

3. Simplicity and clarity in design.

El{llC 21
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Description of Milesione Charts as Network-Based Management Procedures

Milestone Charts are management tocls which:
i. Are simple to construct, read and interpret

2. Serve as communication referents

3. Define target start and completion events for displayed functions.

Managerial llses of Milestone Charts

Uses of Milestone Charts zs planning and managing tools are similar
to Gantt Bar Charts but, by definition, Milestone Charts are product
oriented rather than process oriented. Also, Milestone Charts are better
applied to organizational activities (functions). Gantt Bar Charts are

better applied to task-level activities.

Flow Charts

Definitions and Aspects

Flow Charts are visual techniques to plan and display the logic
sequenc’ng of activities through time. Interreletions between activities
are defined and visually depicted on Flow Charts. Management then has a
referent for control and evaluation during the oa-going course of
performance.

Aspects of Flow Charts include:

1. Planning definitive courses and/or methods of action through time

2, Continuous evaluation of terporal and technical considerations
during performance to determire planued-actual comparisons

24
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5. Early icentification of potential performance deviations

4. Performance visibiltty of activities to be performed and of
interaction requirer :nts.

Description of Flow Charts as Network-Based Management Procedures

Flow Charts are managemeat tools which:
1. Enable continuous @valuation cf ictual performance refults

2. Visually depict irui~raction, interrelation and interface
requirements in work flow sequences

3. Serve asg coumunication referents

4. Assist management in making replanning decisions on expedited
bases through early identification of performance deviations.

Managerial U'ses of Flow Charts

Flow Charts are planning and control tools. Ry definition,
functionally-oriented and/ox tag! ..fiented interrelation, interaction and
interface requirements can be depicted. Flow Charts can be used in
recurring programs where temporal requirements for performance of

activities are based on past experience.

Summary

As tools help the carpenter achieve hfs cobjectives in construction,
s0 Network-Based Management Procedures serve as valuable aids in organiza-
tional management, achievement, preblem solving and decision making,
MAnagedeﬁt aecisions to adopt networks as tools generally have resulted
in mofe effective achievement of objectives and more efficient utilization
of ovganizational inputs. ééé:}
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Netvork techniques for educational managers include:

1.

2.

h.

PERT and/or CPM Charts
Line of Balance Charts
Gantt Bar Charts
Milestone Charts

Flow Charts,

24
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CHAPTER I1

DEVELOPING PERT MANAGEMENT PROCEDURES

Pert Network Planning and Development Considerations

PERT is a relatively new, adaptable tool for planning and managing
complex and/or critical programs. '. . . because of its reported applica-
tion to widely diverse activities (e.g., house construction, missil.
development, Broadway plays), its potential usefulness to the management
of educational . . . activities has been recognized.”4

PERT is a network-based management procedure that can be applied to
non-repetitive developmental programs that vary in time, cost, size, criti-
cality and complexity. Progcams with inherently critical schedule prob-
lems particularly bencfit from the application of PERT procedures. PERT
networks are not decision-making instrumente in themselves. Rather, tbey
are graphic vatterns with’n which criteria and priorities can be considered.
They stist the decisjor maker in simulating choice-consequence relations,
in selecting effective alternatives and in assigning responsibilities for

activities necessary to achieve prespecified objective(s).

4pesmond L. Cook, PERT Applications in Educatlon, Bureau of Research,
U.S. Department of Health, Education and Welfare, Cooperative Research Mono-
graph No. 17 (Washington, D.C.: Governmeat Printing Office, 1966), p. 2.

25
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PERT Netvork Planning Considerations

The conceptusl design tfor PERT presented in this monograph is based
upon the analvsis strengths of a system approach to educational management
and the synthesis strangths cf network-based maaagement procedures.
Analysis is performed by classification: 1i.e., mission, function, task
and methode-means. It results in a Work Breakdown Structure (WBS}. The
WB5 represents an assessment of organizational and individual activities
required to achieve a praspecified objective. Following the development
of a WBS, the logical sequencing and relations of the activities are
determined. Function Flow Rlock Diagrame (FYED) are the analytlical
techniques applied to determination of sequencing and logical relatiuns.5

The analysis strengths of the WBS and F¥BD are used as visual con-
munication referents for management zction. Translatirg the FFBD into 2
network flow offers *“echnical advantages jin the synthesis aspects. Logic
relations, dependencies, iateriaces and interaciion junctions can nore

casily be malntainad.

PERT Network Development Considerations

To be a valid ma.agement tool, PERT must be "a logical rather than a
subs :antive system."6hmThe PERT networx is based upon analysis. Logical

relaticns nust he assessed and maintained in network construction., logic

5The Work Breakdown Structure (WBS) is primcrily assuciated with PERT
Analysis. The systen approarh includes the Function Flow Block Diasgram
(FFBD) as an extension of the traditional approach in order to p-avide a
check for logic relations and for internal coasistency.

6P£RT Coovdinating Group, PERT Guide for Management Use, June 1963,
(Washington, D.C.: Government Printing Office, 1963), p. 3.

ERIC 26
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is defined as discrimination plus reason. For ~eaningful applicatioun to
program management and requirements, PERT must include:

1. A project~oriented work brezkdown structure, veginning with
prime objectiver subdivided into successively smaller end
items

2. A flow plan consisting of all the activities ard events that
must be completed or accomplished to meet the program
objectives, showing their planned sequence of accomplishment,
interdependencies and interrelationships

3. Elapsed time estimates and identification of critical paths in
the networks

4. A schecdule with attempts to balance the objectives, the network
flow plan and vesvurce availability

5. Analysis of the interrelated nctworks, schedules and slack
values as a basis for continuous evaluation of program status,
forecast of overruns aud the identiiication of problem areas
in time for managemant to take corrective action.’

Wission, function, task and methods-means analvses result in definitions
of program objectives and related functions and tasks that must be performed
to achieve the obj2ctives. The resulting functions and tasks form a point

outline or Work Breakdown Structure.

Mission Analysis and Firvst Level N “work Flow Diagram Considerations

Mission analysis is performed to .b-set the broad uission statement
into more specitic segments. It result: in a priority-arranged hierarchy

of geals and objectives.

First-Level Work Breakdown Structure (WBS)

An example of a first-level WBS resulting from mission analysis of

the certificated services of a school district is presented &{n Figure 1.

7.0
lbid., p. 3.

27
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1.0 Appraise School District Requirements

2.0 Assess Certificatnd Staffing Requirements
and Predict Statf: ing Needs

3.0 Develop, Install and Operate
Recruitment Frogram

(0.0) Administer School
District Personnel
Services 4.0 Develop, Install and Qperate

Selection Program ’

5.0 Develop, Install and Operate
Assignment Program

6.0 Determine Effectiveness of Assessment,
Recruitment, Selection and assignment
Prc 2 ams

Fig. l.--First-Level Work Breakdown Structure

The first-level WBS represents a possible mission profile,

First-Level Function Flow Block Diagram

Developing logical interrelations and sequencing of the six (6)
statements is the next step in analysis. FFBD's are developed and the
resultant diagrams provide a check for internal consistency.

Such diagrams are developed using information secured in analysis and
are baséd upon ligiral reiations, siﬁula;ion of alternatives and szlection
of priorities; System objectives and related functions and tasks (activities)
are standard guidelines for diagram development. The diagrams aid in

definfng relations, inteactions and interfaces® vital to werk flow activities

8"Interfaces are (v.ined as events which signal the transfer of respons-
ibi1ity and items or information from one part of the plan .o another" (Ibid,
p. 15).

ERIC 28

P e
~-17~-



e T YA TS AT A o e i

and successful achievement of the mission.

6.0 ——

0.0

{

1.0 ¥ 2.0 _($)— 4.0 b—

Fig. 2.--First-Level Function Flow Block Diagram

Designing Network Fici Diagrams

Design Fundamentals

Basic ingredients of a network are events ard activities.

Events. rvents are points in time when specific achievements are
realized. Events consume nelther resources nor energy. They are recog-
nized “happenings" at a definable, specific péint in time. 'Precise event
identification and definition are ﬁecessary to properly determine event

occurrence which indicates the *~tual progress made in a program."9

 9pERT Orjentation and Training Center, PERT Fi ‘damentals, Vol. 1,
(Washington, U.C.: Government Printing Office, 1963), p. 22.

E[{I(:‘ 029
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Events are represented by cir:les (nodes):

_/

In coustructing an event-oriented network, the terms start or cowplete

precede the event description. Examples of event designators are:

Start

C.mplete

or

Plaoning

Report

Activitié;. An activity is a task that nust be performed. It
utilizeé information, energy and rescurces. The work in an activity may
not oegin until 1t§ related precgd#ng event occurs. An event cannot occur
until all work involved in the péeceding related activity has been performed.

Activities are represented by lines fitted with arrow.eads:

As terms representative of requirad functions and/or tasks, activities
are tlways described in action aad object terms (verbs and noun-) that enable
the activity to be obsarved, demonstrated and/or measursd. Examples of

aétivity designators are:

Plan Project

L

Adninister Pre-Test

O ———
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dvent-Activity-Event Relaticn. An event-activity-event relation

appears:

)i

Two or more activities may precede and/or follow an event occurrence.

Each activity must have a separate event-code reference.

SO0

Dummy Aztivities. Separate event-code references necessitate the use

of 'dummies." A dummy activity is one that utilizes neither energy nor
resourceé."lt i3 repiésented by a broken live. It is used for clarity of
communicatior. and/or as a means to depict activity dependencies.

The requirement for and the use of "dummies' appear:

Incorrect
Assess 3chool
District Instructional Develop Assessment Program
Responsibilities Procedures and Instrumentg

Detall Certificated Teaching
Staff Position Desci’ “{ans

ERIC
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Correct (Clarity of Commurications)

Assess School Nistrict
Instructional
“Responsibilitics Develop Assessment
Program Procedures
/ and Instruments
Detail Certificated ’/
Teaching Statf
Position Descriptions

Correct (Dependencies)

Assess School Develop Assessment Program
District Instructional Procedures and Instrumenss‘
Responsibilities

Detail Certificated Teachin
Staff Position Descriptions

First-Level Network Flow Diagram. A related network flow diagram for

Certificated Personnel Services in a school district, based on the FFBD
in Figure 2, is depicted in Figure 3. The network flow diagram is based on
the following mission profile:

1.0 Appraise school district requirements

2.0 Assess certificated staffing requirements and predict staffing
" needs

3.0 Develop, install and operate recruitment program
4.0 Develop, install and operate selection program
5.0 Develop, install and operate assigirent program

6.0 Determine effectiveness of assessment, recruitment, selection
and assignment programs,

O

RIC
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Fig. 3.--First-Level Networl Flow Diagram

Lead Time Activities. Activities 4-5 and 5-6 are lead time. Lead

time desicgnation denotes that time estimates must be made for these
activities. They are not "dummies" since they require time allowances.
Responsible managers are required to estimate, for example, how much time
is required after the occurrence of event 4 Sefore event 3 can occur.
Lead time allowances are used if two or more activities are pe¢~formed
concurrently but performance of one or more of these activities must be
completed some time before other(s}.

As Figure 3 ghows, work required to perform the activities, develop,
install and operate the ;ecruitment, seiection and assignment proérams
(3.0, 4.u, 5.0) can be started concurrently. The recruitment program must

be completed prior to the seclection program since certain tasks delegated

tv the selection program cahnot be performed until the recruitment program

tasks are performed. Similarly, lead time must be providel after the
selection program work is performed and before the assignm-nt program work

can be completed.

Function Analysis and Second-Level Network
Flow Diag-aw Considerations

Following mission analﬁsis, analysis techniques lead to delineation

-22-
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of functions. Function analysis {s performed to assess essential organ-
izatinnal activities in relation to the purposes established in mission
anaiysis. A function analysis of Certificated Personnel Services in a
school district requires a Work Breakdown Structure, Function Flow Block

Diagram and related Network Flow Diagram.

Second~-Level Work Breakdown Structure (WBS)

The "back-to-front" technique is a useful method for developing a
WBS. As an example, in structuring the organizational function 1.0,
Appraise School District Requirements; the analyst looks for the final
function to achieve the appraisal. He then works back through suc-
cessive steps to a controllable function and/or task.

The analysis process procew’s by level. Functions are deline:!
Sub-functions related to each function are determined next. Indivi’
tasks are then delineated. The process is continued until suffic.:n:
has been considered. Work Breakdown Structure schema are read frc:
simple to the complex and indenture lines detail the level of aaalv.:f

The analysis-synthesis process is instrumented in developing a: =
the Work Breakdown Structure. Caution must be exercised to mairta’
activity sub-setting principle in developing the Work Breakdown Struc v

Determination of serial and concurrent operationi ameng the su'

activities of a function is made after identity relations between t i« 1*

set and the function have been proved. Failure to prove the ident i {
sub-set will produce incomplete sets of subordinate activities.lo £ ys®
10

The principle of identity can be expressed as: x = (f)y. L.
not equal the (#)y, then further analysis is required. 1If x does ¢~
, f¥)y, then the sub-set (#)y analysis is complete.
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1.0

2.0

3.0

4.0

5.0

6.0

Appraise Schocl District Requirements

1.1 Assess Schoci District Purposes, Priorities,
Policies and Programs

2 Appraise Performaunce <lontext

3 Appraise Pericrmance Controls

.4 Appraise Demicistrated Performance

5 Define School District Requirements

Assess Cevtificated Staffing Requirements and
Predict Staffing Needs
2.1 Assess School District Instructional

Responsibilities

2.2 Detail Certificated Teaching Staff Position
Description

2.3 Develop Assessment Programs, Procedures and
Instruments

2.4 1Install Continucus Assessment Pfogram
2,5 Operate Assessment Programs

Develop, Install and Operate Kecruitment Program

3.1 Develop Recruitment Program Procedures and
Instruments

3.2 Install Continuous Recruitment Program

3.3 Operate Recruitment Program

Develop, Install and Operate Selection Program

4,1 Develop Selection Program Procedures and
Instruments

4,2 1Install Continuous Selection Program

4,3 Operate Selection Program

D~ lop, Install and Operate Assignment Program

5.1 Develop Assignment Program Procedures and
Instruments

5.2 1Install Continuous Assignment Program

5.3 Operate Assignment Program

Determine Effectiveness of Assessment, Recruitment,

Selection and Assignme:t Programs

6.1 Review School District Purposes, Priorities,
Policies and Programs

6.2 Review School District Performance Requirements

6.3 Review Assessment, Recruitment, Selection and
Asgsignment Objectives, Plans, Strategies and
Procedures

6.4 Appraise Outputs of Assessment, Recruitment,
Selection and Assigmment Programs

6.5 DPetermine Assessment, Recruitment, Selection
and Assignment Programs Effectiveness

Fig. 4.--Second-Level Work Breakdown Structure
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of function 1.0 (Figure 4) will reveal that activity 1.1 must be performed
first. Activities 1.2, 1.3 and 1.4 can be perfcrined concurrently after
activity 1.1 has been performed. Upon performance of activities 1.2, 1,3

and 1.4, activity 1.5 can be performed.

Second-Level Function Flow Block Diagram (FFBD)

Zach major function and its related sub-functions, tasks and sub-tasks
can be examined for internal and logical consistency by using the Function
Flow Block Diagram technique. A diagrammatic presentation of the second-
level FFBD (related to the WBS in Figure 4) of functions required to perform
first-level sub-missions and to check for internal consistency with relevant
objectives appears in Figure 5.

After a consistency check has been made and subsequent appraisals of
alternative choice-cnasequence relations indicate that results are expected

to be setisfactory, the FFBP can be integrated into a network flow diagram.

Second-Level Network Flow Diagram

Compi-ing *“-1e FFBD segments into a rational network provides management
with a visual representation of organizational functions and other related
activities that must be performed to achieve prespecified objectise(s).

- "Once the objectives have been identifled by the work breakdown structure,
the means of attaining the objectives should be graphically portrayed in

the form of a network(s)."11l Development of a network flow diagram is

) 11U.S. Army Management Engineering Training Agency, PERT/COST and Control
(Rock Island, Illinois}), p. 12-16.
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CHAPTER III

PERT TIME CALCULATIONS AND CONSIDERATIONS (SCHEPULING)

"Scheduling is the bridge from the planning staye to coordinated,
effective implementation."12 Network scheduling, using time calculations
and considerations of probability, facilitate planned to actual perform-
ance comparisons.

PEKT and CPM cost and/or schedule (time) networks are developed using
the WBS and FFBD as design frameworks. PERT and CPM netwofks are time-
phased and cost-phased graphic displays of functions and tasks and related
prerequisite OCCurreﬁces (events) which are arranged logicafly as serial
and/or concurrent operations. Network development is based on analyses of
group and/or individual tasks, organizational functions and objectives.

There are five (5) temporal calculations necessary to make PERT an
opérational tool. They are:

1. Determining activity-oriented expected elapsed time (tg)

2; Deternining event-oriented earliest expected time (TE)

3. Determiﬁiﬁg eQent-oriented latest allowable time (1)

4. Determining event-oriented slack time

5. Detezmining activity-oriented floati time.

121p44., p. 1-6.

40
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Determining Activity-Orjented Expected Elapsed Time (tg)

Scheduling a program plan (network) requires activity-tinme estimates
in order to predict expected elapsed time for each of the activities
represented in the network. Time estimates, to be valid approximations,
must be determined by the operational personnel assigned responsibility for
performing the activity and must be made using deliberate "reasonableness."

PERT networks can be developed using one or three activity-oriented
time estimates. If three estimates are used, a single expected elapsed

time and probability factor can be derived using the following formula:

te =a +4m+ b
6

In the foregoing formula for calculation of expected elapsed time

(to), the optimistic time estimate (a) indicates one chance in one hundred

“ for success 1f everything ''goes right." The most likely time (m)} indicates

a 50% chance for success and represents a reascnable best guess. The
pessimistic time cstimate (b) indicates one chance in one hundred for suc-
cesgful complgtion of the activity and it assumes that evarythirg will

"go wrong." The formula produces a time estimate in units and tenths of
units on a aglected time'scale--usually weeks and-;enths of weeks. Using
weeks as scalar unlté, time est;mates ;féib§sed on a 5-day, B-hour-ﬁer-day
wirk week, If extended hours are to be used in makit_ estimates, a notation
is required. .

1f, for example, time estliiates for activity 1.00-1.0113 (TABLE 1) are

13The event code designators have been expanded for possible
computerization and more efficien: cost eontrol.
}
-30-

41



TABLE 1

e et e i = e A v et

42

-A1-

te MATRIX
ACTIVITY DESCRIPTION REFERENCE MOST OPTIMISTIC | PESSIMISTIC| tg
EVENTS LIKELY
(m) (a) (b)
Assess School District
Pucposes, Priorities, 1.00-1.01 1.4 0.8 4.0 1.7
Policies and Programs :
Appraise Performance 1.01-1.02. 0.4 0.2 1.0 0.5
Context
Appraise Performance 1.01-1.03 0.8 0.4 2,0 0.9
Controls
Appraise Demons:crated 1.01-1.04 1.5 0.8 4.0 1.8
Performance
Dummy 1.02-1.05 0.0 0.0 0.0 | 0.5
Dunmy 1.03-1.05 0.0 0.0 0.0 0.0
Dummy 1.04-1.05 0.0 0.0 0.0 0.0
Define School District | 1.05-2,00 0.8 0.4 2.0 0.9
Requirements
Assess School District
Instructional 2.00-2.01 1.0 0.6 3.0 1.3
Responsibilities
Detall Certificated
Teaching Scaff 2,00-2.02 4.0 2.4 6.0 4.1
Position Descriptions .
Dummy 2.01-2.02 0.0 0.0 0.0 0.0
Develop Assessment 2.02-2,03 1.0 0.4 2.0 1.1
Progranm .
Install Continuous 2.03-2.04 0.4 0.2 2.0 0.6
Assessnent Progra
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TABLE 1--Continued

ACTIVITY DESCRIPTION REFFENCE MOST OPTIHISTIC | PESSIMISTIC | t,
EVENTS LIKELY )
(m) (a) (b)

Manage and Operate
Assessment Prngram 2.04-2,05 3.0 2.0 4.0 3.0

bevelop Recruitment
Program Procedures 2.05-3.01 1.0 0.4 2.0 1.1
and Instruments

Develop Selection
Program Procedures 2.05-4,01 1.0 0.2 2.0 1.0
and Instruments

Develop Assignment
Program Prxocedures 2.05-5.01 1.¢ 0.6 2.0 1.1
and Instruments

Install Continuous 3.01-3.02 2.0 1.0 4.6 2.3
Recruitment Program

Install Continuous 4.01-4.02 1.0 0.6 2.0 1.1
Selection Program

Install Continuous 5.01-5.02 1.0 0.6 2.0 1.1
Assignment Program

Lead Time 3.02-4,02 2.0 1.4 4.0 2.2
Lead Time 4.02-5,02 4.0 1.2 8.0 4,2
Manage and Operate 3.02-3.03 12.0 6.0 20.0 2.3
Recruitment Program

Manage and Operate 4,02-4.03 12,0 1.0 - 19.0 11.3
Selectivn Program

Manage and Operate 5.02-5.03 8.0 4,0 15.0 8.5
Assigoment Program

Lead Time 3.03-4.03 2.0 1.4 4.0 2.2
Lead Time 4.03-5.03 4.0 1.2 8.0 4,2
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TABLE l--Continued

ACTIVITY DESCRIPTICN REFERENCE MOST OPTIMISTIC | PESSIMISTIC te

EVENTS LIKELY

(m) (a) (b)

Review School District
Purposes, Priorities, 5.03-6.01 2.0 1.2 4.0 2.2
Policies and Pregrams
Review School District
Performance 5.03-6.02 2.0 1.0 4,0 2.2
Requirements
Assessmuent, Recruitment,
Selection and Assign-
ment Objectives, Plan, 5.03-6.03 2.0 0.4 4.0 2.1
Strategies and :
Procedures
Dummy 6.01-6.04 0.0 0.0 0.0 0.0
Dummy 6.02-6.04 0.0 0.0 0.0 0.0
Dummy 6.03-6.04 0.0 0.0 0.0 0.0
Lead Time 6.04-6.05 12.0 8.0 17.0 12.2
Appraise Outputs of
Assessment, Recruitment,|6.05-6.06 14.0 3.0 6.0 4.2
Selection and Assignment
Programs
Determine Assessment,
Recruitment, Selection |6.06-6.07 1.4 02 3.0 1.5
and Assigrment Programs
Effectiveness
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used to calculate expected elapsed time by substituting them into the
formula, a t, value of 1.7 weeks results. The activity time estimates are:
a= 0.8 weeks, m = 1.4 weeks and b - °_ . -eks, Calculating te using the

formula can be represented as:

ad
[

e = 0.8 + 4(1.4) + 4.0
3

= 0.8 + 5.6 + 4.0
6

[ad
o
I

te = 10.4 = 1.7 weeks,
6

Thus, activity 1.00-1.01 (Assess school district purposes, priorities,
policies and programs) 1is expected to consunme 1.7 units (weeks) of time.
When the probabilistic method is employed in time estimating,
remember that three estimates are considered. A matrix, such as the one
presented in TABLE 1, may be used to record e¢xpected elapsed time data for
activities in a network. It can be used aB a basis for comparing probable

performance time estimates to expected elapsed time calculations (TABLE 1).

' Probability and Standard Deviation

The te determined using the tg = a + 4m + b formula has, by definition,
6
a 50X probability for success. Management may be required to forecast the

probability of achieving work within a specific time period. Determination
of the standard deviation values enables management to predict time-oriented
probability factors. By PERT definition:

1. There 18 a 67X probability for performing an activity within

y 4+ one standard deviation.
¢
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2, There is a 95% probability for performing an activity within
+ two standard deviations.

3. There is a 997 probability for performing an activity within
+ three standard deviations.

The standard deviation (¢) for an activity is determined using the

formula:

d=12__-8

For example, the to for activity 1.00-1.01 is 1.7 weeks. The standard

deviation for activity 1,00-1,01 (TABLE 2) {s:

There is a 67% probability of performing the activity in tg &+ .5 of
a week. There is a 95% probability of performing the activity in t, 1+ 1.0
week and a 99X probability in ty + 1.5 weeks.

A matrix for determining standard deviation values is presented in
TABLE 2,

Determining probabilities and ¢ rauges gives management valuable
informatico for decision making. Depending on organizational philosophies,
purposes, priorities, policies and programs, management may be required to
make 'trade-offs" between available inputs. Trade-offs are made to reduce
known risks and to inciease the probability of success. Uncertainties
must be assessed and difficulties must be appraised to determine necessary
trade-offs. For some programs, high probability values may be desirable,
others will have more latitude. Time estimates can help management plan

ERIC s
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Table 2
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the utilization of available inputs in relation to desired probability

values.
Without time estimates and calculations a network is referred to as
a flow diagram. When activity-oriented time estimates are added to the
fluw diagram, the network is transformed into a work performance measure
ment tool (see Figure 7).
After determining the activity time estimate (te) for required
functions and/or tasks, managers can derive Earliest Expacted (Tg) and
Latest Allowable (TL) timr- for events.lé4 Event-oriented time determinations
will reveal the estimated total elapsed time required for achievement of

program objectives,

Determining Event-Oriented Earliest Expected Time (Tg)

Earliest Expected Tiue (Tg) for an event to occur is expressed as a
unit-decimal indicator that is entered in the lower right hand quadrant of

the event node:

Point-in-time determinations for events are calculated using a two-step

process. The first step establishes the earliest point-in-time that each

U'Note that activity-oriented expected elapsed time is symbolized using
lower case letters (tg). Event-oriented earliest expected time (Tg) and
latest allowable time (T) are symbolized using upper case letters.

ERIC 37
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event can occur. Starting with the beginning event of the network,
earliest expected times (Tp) of successive events are found by adding

the activity's expected elapsed time (to) to rhe earliest expected time

(Tg) for the preceding event.

To clarify this concept, a model network having four (4)
events will be used (Figure 7). The event code references cf the model
network are single unit nunbers as no computer applications would be

applied to a network of such minimal size. Event 1 is always time now (0.0).

Fig. 7.~-Determining Tg of Model Network Events

The three time-unit references above each vctivity are the optimistic (a),

most likely (m) and pessimistic (b) activity time estimates. The derived
O
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t. is placed above the three estimates.

Event 1 is always time zero (0.0). Activity 1-2 is expected to
consume 2.2 weeks of elapsed time. The earliest expected time for event
2 to occur is, therefore, 2.2 weeks. The ty for activity 2-4 is 1.7.
Adding the 1.7 (te for activity 2-4) to the 2.2 (Tg) of event 2, the Tg
value for evint 4 is determined as 3.9 weeks. Activities 1-2 and Z-4,
however, are not the only requirements for the realization of evsnt 4,

The work required in activities 1-3 and 3-4 must also be accomplished.

The te for activity 1-3 is 3.8 weeks. Added to the time zero of event 1,
earliest expected time (Tg) for event 3 is 3.3 weeks. Effort required

to achieve the desired results of activity 3-4 is expected to consume

2.3 weeks. Adding the ty of activity 3-4 to the 3.8 weeks (TE of event 3),
the Tg for the occurrence of event 4 is 6.1 weeks.

The most time-consuming activity sequence that is directly related to
the occurrence of any given event is the earliest point-in-time that the
designated evont can occur. The earliest expected time values for realza-
tion of events in the example problem (Certificated Personnel Services) are

presented in Figure 12 (p.49).

Determining Event-Oriented Latest Allowable Time (Ty)

Following computation of earliest expected time (TE) values, the
second step of determining latest allowable time (TL) values for events
can be initiated. Latest Allowable Time (TL) is a unit decimal indicator

that is entered in the lower left hand quadrant of the event node:

O
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In contrast to the method used for Tg computations (beginning event forward),
Ty values are calculated by working from the ending event in a reverse
direction to the network flow (back-~to-front technique). The Ty, of the
end event will be identical to the Tg unless a different Ty is assigned or
contractually dictated. The Ty represents the latest allowable time an
event can occur without Jeopardizing the expected elapsed time (to) required
to complete succeeding network activities. The Ty, may te significantly
different {positive or negative) or identical to the Tg. If the Ty is a
lerger number than the Tgp, the event has temporal latitude. The event may
occur as early as the Tg or as late as the T and not jeopardize time
estimates for succeeding activities.

If the Ty, is a smaller number than the Tg, the event is limitimg.
Slack will be a negative value. The earliest expected time for the event
to occur is greater than the latest allowable time. Management is required
to make trade-offs to reduce known temporal risks.

Using the model network presented in Figure 7 and assuming that Ty,
and Ty values for ev:nt 4 are ident:cal, event Tp, values can be calculated

as detailed in Figure 8.

Fig. 8.--Determining Tj, of Model Netwcrk Events

O
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Event 2 can occur as early as 2.2 weeks after event 1 occurs or as
late as 4.4 weeks and not affect the 6.1 week time value of end event 4.
Event 3 must occur 3.8 weeks after event 1 to meet the 6.1 week value

(Tg/T,) of end event 4,

Determining Event-Oriented Slack Tims

Slack values are indicative of an event's criticality. They relate
only to events. Criticality is related to temporal requirements. Slack
is calculated by subtracting the earliest expected time (TE) value for its
occurrence from its latest allowable time (Tp) value. Thus, slack is
determined using the equation, § = T}, - Tg. The value of slack for event
2 in the model network (Figure 9) is 2.2 weeks (S = 4.4 - 2.2 = 2.2 weeks).
Every event in a network has a slack value. T.e value may be positive,
negative or zero.

Positive slack values indicate probable time tolerances that may allow
flexibility in resource management. By reappraising resource requirements
for activities along the network path, it may be possible to re-allocate
surplus inputs to more critical paths. Thereby, managers may reduce
expected elapsed time. In this way, an entire program network can be
developed using more reliable values for time and/or costs.

Managers must exercise caution 4n allocating additional resources to
reduce the expected time for activities along a critical path.

Often, paths that initiallv were "non-critical" become critical when
managers transfer resources from one path to another.

Negative slack values are indicators of potential disaster. The
quantity of real time available {s less than the anticipated time need.

Q
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Negative slack 1s recognizable when Tg 1s greater than Tp. 1f negative
slack exists, the responsible manager must examine and consider possible
changes which would produce positive slack values. Negative slack may
result from special program requirements. It may indicate that variance
exists or that there is insufficient time avail:ble to complete activities.
If negative slack values are detected, replarning may be required.

Zero slack occurs 1f Tg is equal to Tp. Network paths with either
zero or negative slack are potential critical paths. Criticality, however,
is dependent on allocation of available rescurces and determination of a
program schedule. Slack values for the model network (Figure 7 and 8)

are presented above each event in Figure 9.

Fig. 9.--Slack Determinations in a Model Network

A matrix for slack values is useful in performing arithmetical

O
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calculations. A matrix for the example problem presented in Figure 9 is

depictad in, TABLE 3.

TABLE 3

SLACX MATRIX

Event Ty, Tg 3lack
1 0.0 0.0 0.0
2 4.4 2.2 2.2
3 3.8 3.8 0.0
4 6.1 6.1 0.0

' no slack is possible since there

Because event 1 is always "time now,'
will be no difference between the Tg and TL unless a directed time (less
than Tg) is used for the end event's Ty. In this case the slack for event
1 is negative.

In the example given, slack for event 2 is 2.2 weeks. Events 3 and 4
each have zero slack. By definition, the activities 1-3 and 3-4 appear
to be along the critical path.

If, in the modai network (Figure 10), management is directed to
complete all activities requived for the occurrence of event 4 in 5.0 weeks,
then one possible way to reduce the expected elapsed time (to) of activities
1-3 and 3-4 is to assign additional resources. Another Ppossibility is to
re-allocate available resources within the network from activities 1-2 and

Q -
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2-4 to activities 1-3 and 3-4, The same work is required, but the Tg and
Tr, of the end event can be reduced. Such a solution could be reached by

making personnel 'trade-offs.”

Fig. 10.--Slack Determination in a Model Network

The related slack matrix is presented as TABLE 4. By reallo;ating
the resources, all paths are now critical and possibly will require close
management attention . The directed completion time of five (5.0) weeks
is possible.

Analysis of slack events on the example problem network (Figure 12)
indicates that events 1,02, 1.03, 2,01, 4.01, 5.01, 4.02, 5.02 and 6.03

are non-critical in schedule orientation.

O
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SLACK MATRIX
Event TL Tg Slack
1 A—fb.o 0.0 0.0
2 3.2 3.2 0.0
3 2?8 2.8 0.0
4 5.0 5.0 0.0

Determining Activity-Oriented Float Time

Just as every event in a network has slack time, every activity has

float time which can be expressed as a positive, negative or zero value.

Float time values can be used by management in the scheduling of resources

to activities in a network.

The formula used to determine float time is:

ngL-TE"te

The Tg of the preceding event and the t, of the referenced activity are

subtracted from the Ty, of the succeeding event.

Float values are presented

above the te values for each activity in the model network (Figure 11).

The value of the end event T}, and Tg is 6.1.

O
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Fig.ll.~--Float Determinations in a Model Network

Referring to activity 2-4, the float value is 2.2 weeks. The 2.2 value
1s derived by subtracting 2.2 (Tg of event 3) and 1.7 (ty of activity 2-4)
from 6.1 (Ty of event 4),

Values and calculations in TABLE 5 (Float Matrix) indicate the amount
of float time available within specific activities in the example problem

presented in Figure 12.

Float values can be used to achieve management flexibility in resource

allocation and schedule control for those activities in a program network.

Determining Critical Path(s)

1f the Ty, is identical to Tg, iQ is an indication of what network
theorists refer to as ''critical path." Determination of critical path(s)
affords managers a visual referent that can be used in allocaiing the
available rescurces (men, woney, materiel, machines and time) to priority

activities that lead to the effective and efficient *chievement of valued

46~
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results, By determining earliest expected and latest allowable time for
eventc, the first indication of the critical path (CP) will be identical
values for Ty and T; or Ty values that are larger than Ty values.

The calculation of flsat time is the final determinant in Ideatifying
critical path{s). Two conditions must be appraised. If one is missing,
then the path may not be designated as criticai. The two irndicators or
conditions of criticel path are:

1. Event Tp value is equal to, or smaller than, the Ty value (zero
or negative slack)

2. The float time value is zero or negative.
A further distinction niay be made relative to critical path. If there is
zero slack and zero float, the path is designated as critical. 1If there
is negative slack and/or regative float, a limiting designation is given
the path.

It is useful and desirable to mark the critical path(s) in some
distinctive nanner so that it (they) can be distinguished from the non-
critical paths. Two alternative symbcls for distinctive markirg used in

network construction are:

— i ~
1 -
or

The example problem presented in Figure 12 ic depicted complete with

te, Tk, Ty, and critical path values and symbols,

-47-
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TABLE 5

FLOAT MATRIX
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CHAPTER 1V

INPUT ALLOCATION AND WORK PACKAGE CCNSIDERATIONS

Among the important program considerations in the allocation of
organizational inputs (infurmation, energy and resources) ar=: (1)
appraising temporal requirements, (2) determining program priorities and
(3) leveling the variable, fixed and combined categories of resources
available to the organization. [Lach of these considerations can be

investigated using PERT and/or CPM program networks.

Appraising Temporal Requirements

The scheduliing of resources to network activities must be based upon
a thorough knowledge of program objectives and the requisite conditicns
that must be met, managed and/or maintaivned for their achievement. These
requisite conditions (requirements) may originate outside as well as
inside the prcgram context. Thev are important influences on network flow
and the scheduling of inputs.

In scheduling, managers must be especially conscious of the availa-
bility of resources as a prime (onsfderacion in determining the feasibility
of program objective achictvement, The goal is to appraise the time, cost
and technical requircments involved in pricrity oblective achievement

and schedule available inputs to achieve maximum effectiveness.

62
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Three scheduling steps can be closely associated with the appraisal
of program time requirements. The first step involves the calculation of
network t, values. The second step includes computation of Tg and Ty
values. The third step entails calculation of slack ani float network
values. Obviously, each step provides information about program time
requirements that can be used in the judicious allccation of available

inputs toward the achievement of prespecified program objectives.

Determining Program Priorities

The availability of resources must Le considered when making activity
expected elapsed time estimates. Resulting schedules provide a means by
which needs can be weighed against the availability of resourc:s, Realistic
rather than idealistic beginning events and/or completicn times must be
derived and specified. "o allocate resources judiciovsly, management must
assess and evaluate the capabilities and capacities of personnel and make
assignments on the results of this appraisal. Activity scheduling must
also be consistent‘with the availability of inputs. By scheduling available
inputs within high-priority programs, managers can often provide resources
needed to dcvelop, install and operate lower-level activities within the
priority program.

Specification of performance priorities within a program is aided by
determination of:

1. Negative or zero slack activities

", Precaedence needs for total resources

3. Event sequencing codes.

Criticality is the prime consideration in assigning priorities within

-52-
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a program network flow. By using networks and considering al:ernative
patterns for the most efficient and effective utilization of resources,
educational management can establish operationa} cent.rols for the
successfu' achievement of priority-rated ends.

Flarning and scheduling the utilization of available inputs in complex
and/or critical programs often requires that managers perform "trade-offs"
between time, money, personnel, machinery and materials. Leveling assists
managemant in planning and ccntrelling these inputs in order to achieve

efficiency and effectiveness in perfermence.

Leveling Available Resources

Leveling is the prccess of planning and managing fixed, variable and/or
combined resources and their related energy and information requirements
in order to develop, install and operate priority-selected educational
programs to achieve prespecified objectives. Resources to be leveled 'can
be considered under three separate categories: variable, fixed and
comhiued."13

Fixed resources within an educational organization are contracted
personnel who are employed annually and those machines, materials, land,
facilities and time which are a f{xed part of ti.e annual »perating program.
Other fixed resources include administrators and/or teachers who, on a
part-time basis, are employed to participate in developiug educational

programs of planned change.

13g.1.. Martino, Applied Operationa: Planning--Projecc Management and

Control, Vol. I, American Managensent Association (New York: Comet P:ress), 1964,

p. 110.
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Variable resources are consultants, research aud/or administrative
assistants and leased or cont:acted machines, facilities, land, materials
and services which may be required to achieve program objectives.

Combined resources are a combination cf fixed and variable resources

assigned to an educational program.

Work Packagus

Definiticn

A basic objective of planning and management is the development of
aualictative and/or quantitative criteria whizh can be used to compare the
actual work performed and actual costs expended with the program plan,

Work packages are sets of related tasks that are detailed in analysis of
low-level activities in a Work Breakdown Structure or in a Function Flow
Block Diagram. They detail the work required to accomplish specific tasks
and can be used as refecrences in planning and coatrolling actions. Work
packages can be prepared Zor each performance unit inv.lved in a particular

operation.

Establishing Cost-Account Reference Codes

Work packages consist of incremental task-level activities that are
identified in Work Breakdown Structures an' Function Flov Block Diagrams.
Programs are assigned cost-account reference code numbers that relate
directly to organizational cost-account reference code numbers assigned to

the WBS and the FFBD. The activity of one and only one department may be

O
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specified using a cost-account reference code number. If two or more
performance units interface or interact to perform an activity, each unit
must be assigned separate and distinct reference code numbers. For example,
if the central admicistrative staff and selected teachers work cooperatively
in structuring curricular objectives, then separate reference code numbers
for the administrative unit and instructional units must be assigned.
Separate code anumbers peirmit costs to be allocated tc the objective-
writing activity in terms of existing performance units using cost-account
reference code numbers.

Responsibility for performing the activities specified in a work pack-
age rests with cperational managers. They must manage the resources within

their jurisdictions and contrel achievements toward the accomplishment of

prespecified objectives for the work package.

Work Package Task Plan Sample Format

A work package plan is presented as Figuve 13, Use of the plan
requires thorough familiarity with the following symbols and their cor-
responding definiticns:

Program: Title cof Program

Date: Completion date of work package plan

Responsibility: Functisnal Manager's signature to designate his
acknowledgement of assigned responsibility

Work Package Title: Sane
Task Description: Specific task description
Job Account Code: Program cost-account reference code number

Task humber: Numter assigned to account code number

Revisfion Date: Latest date of changes to plan caused by recycling

RIC -55-
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Statement of Work: Narration of succincrly defined objectiwe(s)
ircluding "who," "what,' "how,'" '"where,"
_.x n

when," and "why"

Task Descriptions: Descriptions of work required to achieve work
package objective(s)

PWS = Planned UVork Schedule: Estimetes of time to accomplish taszk
descrirtion
PWA = Planned Work Accomplished: Objective judgment of achievement

at specific points in time

Actual Coscs: Aciual expended energ and/or resources related to
specified tasks (measured in dollars or hours)

Monthly PVWS: Monthly planred value of work scheduled = monthly
estimate of cost required for work scheduled

Monthly PVWA: Monthly planued *alue of work accomplished = objec-—
tively derived judgment of work accomplished in

teriis of cost

Mo: thly Actual Cost: 1lotal dellar expenditures directly relating to
all tasks un work paclkare

First Week: Actuval aosts expe.ded for tasks

Second Week: Actual weekly costs expended for tasks
Third Week: Actual weekly cost expended for casks
Fourth Week: Actual waekly costs expended for tasks
Fifth Week: Actual weekly costs expended for tasks

Monthly Variance in Cests: Actuil costs equai to, lower than or
I {gher than related plannad costs

Program Variance: Difference betwaer planned information, energy
and resources expended to achieve work package

tasks (expra.sed iu dollars or lours)

Man-hours va:iance: UDifference between planned hours and actual hours
expended

Managerial Uses of Work Packages
5 /ses 2

The work package is the cost-account element upon which PFRT/COST
systems are based. Oreraticnal maragers are assigned responsibilities for

ERIC .
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planning, integrating, managing and conserving the utjlizatioun of resources
and coatrolling performance toward the achievement of prespecified objcu-
tives. They are required to account for all program cos*s and maintain
records that can be used to develep cost-based progress reports. Costs

of incremental task-level activities can be collected and related to
summary code numbers and in turn summarized at progressively higher levels

until they relate directly to a specific program.

Worl. Packages - PERT Relations

Work package activities are incorporated into a PERT network, as
required, to identify, to plan and to control efforts toward the achieve-
ment of objectives. Work packapges detail essential functions and tasks
that must be performed bty cperational units.

The program is tfirst defined and then broken down into end

item subdivisions and then into work packagos to be assigned

to first-1iie supervisors. These work packages are then

vepresented by activities (one or mors) on a conventional . . .

network to identify tha interdependencies in the program

and the sequence in which the vork will be performed.

Cost estimates, base’ on work package and related network activities,
can be accunulated upward to the Werk Breakdown Structure and/or to the
Function Flow Block Diagram and, ultimately, they can be used to project
total program costs By comparing estimated costs with acturl costs and
plans vith work accomplished at the detail level, management can sense
potential problems where the first indicators of variance appz2ar. Deci-

sions may then be made by management to correct negative variances in

performance and to preserve internal contre!l.

16PERT Coordinating Group, Guide for Managenmcat Use, p. 39.
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The development of performance networks create a common visual refer-
ent for management decision making. The networks created must be complele
and responsive to objectives.

Networks can readily te constructed without the use of a work

breakdown structure, but quite possible such networks will be

incomplete or inconsistent with program objectives.17
Similarly, networks can be designed without developing work packages, but
it will be more difficult to produce a responsive framework for action.
The need for detailed networks that are sensitive to objectives, performance
and costs and which can be used as management aids in developing, instal-
ling and operating educational programs of planned change :annot be over-
emphasized. Work package development and use leads to more efficient and
effeccive managemnent action in complex operaticns. Work packages can be

used as essentizl references for cost-accounting and budgeting procedures

in planning-programming-budgeting systems (PPRBS).

Summary

Activity time estimating,, event cime determinations urd related slack
and float calculations provide management with a tool to plan unknown
time considerations. Input allocation whea activity time estimates are
made precludes temporal reliability. Leveling includes a categorization
of fixed, variable and combined resources.

Work packages detail performance activities. The level of detail is
related to needs of the program and/or management. Work packages can be

used as references in planning and managing performance.

}7;META, PERT/Cost and Coutrol, p. 7-2.
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CHAPTER V

FROGRAM CONTROL CONSIDERATIONS

Sir Winston Churchill was once asked what qralificatiors

he tnought the most essential for a politician. Without hasi-
tation [ie answered, ''It's the ability to foreteil what will
l.appen tomorrow, next month and next year--and to explain
afterward why it did not happen.

Contrnl i{s a management function designed to assure that performance

vroceeds according to plan.

provisions for:

1.
2.

[VS)

O CO ~ O b

10,

Control miay be designed :in terms of the "management L exreption"

principle.

management attenticn on major performance deviations from plan.

Establisninz standards for performance and outputs,
Executing plans in a timely mranner,

Directing and courdinating actions teward the achievement
of objectives,

Supervising and monitoriug the actions of peaple,
Reporting progress,

Comparing progress to pitans and objectives,

Estimating variance in perfirmance and outputs,

Adjustiug performance through corrective action,

Revising plans, strategies and procedures. and )
Appraising, clarifying aud ¢efining stacements ot pnrpose.*9

covrse of perfoimance is proceeding to plan, higher--level management

altention is not required except for knowledje of progress and achievement.

18Reader's Digest Treasury of Wit and Humor, “eader's Digest Assn., p. 265.
19

D.R. Miller, "Assessing Rel:vant Change and/or Renewal Factors in

Achievement,'" (Burlingame, California: OPERATIMN PEP) (in press).

-€£0-
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Manager.:nt control procedures must include

Management by exception invclves conceuntrating upper-level
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Adoption and use of n=2twork-based mandagement procedures and the
principle of management by exception racilitate horizontal and vertical
coordination of performance within the organication. The focus is on
results, Causes of deviations are related fto objectives and plans.

Clearly and cogently stated objectives and explicitly detailed plans

enable managerent personnel at all levels to visvalize the need for
recycling and to recognize whether or not higher-level management decisious
are required. Decantralization of decision making can increase the avail-
abilicvy of higher-] vel maragement vime and promote staff development and

growth.

Repurts Implic-tions for Management

Reports are managerial control instruments which are designed to pro-
vide information that can be used to relate actual performance to pre-
specified plans and vbjectives. In vegard to a reporting system, Jones aad
Trentin rctate that:

The reporting system is designed as a tcol for all lovels of

supervision in cuntrolling their operations and theic costs. It

emphasizes infsrmation which 1s useful to the individual super-

visor and deemphasizes the bookkeeping aspocts of reporting.20

Network-based reporting techniques ran be used to improve all aspects

of edurational man.gement. Certalnly, reports '"should facilitate control

and rep]anning.”21 Management achieves ''dynamic™ program control through

20Eeginald L. Jones and H. George Trentin, Budgeting: Key to Planni g
ard Control: Practical Guidelines for Managers, American Management Ass _i-
ation (Brattleboro, Vermont: The Book Press, Inc., 1966), p. 20.

O
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analyses of variances at points of depnrture from plen. These analyses
utilize the information contained in systematic program status reports
which are based on evaluation and comparisons of PVWS, PVWA and actual

costs expended.

Jones and Trentin also emphasize that basic considerations for budget-

related repnrts include:

1. Only those items of cost which are actually incurred by the
individual charged with thie responsibility for a particular
department should be included in the budget report of that
department. .

Only that information which is meaningful and ne:essary

should be included in the repeort.

3. Only the minimum amount of detail appropriate for the organ-
izavional level for which tie report is intended should be
included.

4. Accounting and reporting of expenditurcs shguld be in accord-
ance with the priuciples of responsibility.‘2

2%
.

Reports should be stfficiently detailed to provide encgh information
for logic and clarity and should not be so succinct that they allow
migiuterpretation.

Network-based ' eporcing techniques in organizations facilitate the
achievement of:

L, More effecti2 communication to involved personnel at
responsible - vels

2. Clarification of responsibility through delegation of
authority

3. Reliable information regarding program status and real and/or
potential problem areas

4, Effective decision making using complete, accurate, relevant
and timely information that is base! on appraisals of relevant
choice-consequence relations

5. Efficient aliocation of resources vo minimize non-productivity

221044, p. 180.
Q
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6. Cost credibility

7. Schedule and performance reliability.

Reported data are accumulated to justify and lesitimate actual cost
and schedule performance in relation to prespecified plans. If performance
schedule slippage is indicated in reports, cause{s) may include:

1. TInadequate tas% breakdown on which time estimates were
projected

2. Unidentified interrelations

3. Delays in receiving funding allocztions

4. Unavailable inputs.

Reasons for cost increases may include:

1. Insufficient identification f program objectives
2. Incomplere task descriptious

3. Llack of cla.ity in specifications

4. 1padequate control of expenditures.

Managing program performance is improved by:

i. Specifying desired and/or required cutcome(s}
2. Identifying and communicating requirements

3. Specifving standards of measurement

4. Defining work flows suceinctly (i.¢., descriptions of plans and/or
strategies for action)

5. Specifying and communicating motivational rationale

6. Clarifying assigned responsibilities and related areas of
authority

7. Evaluating actual performance and comparing planned performance
with actual achievements

8. Initiating actior. to correct variances.

O
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Reports (onsiderations

Many network-based reporting techniques are available that car he used
in obtaining and maintaining compl.te, accurate. relevant, timely and valid
performance dota. These techniq-es are aids for improving both schedule
and cost control,

Performance factors rthat infiuence thie numher and types of reports
include: program directicn, cost of applicaricn, available facilities and/or
resources, criticality and complexity of the program. Meaningful and
dynamically-utilized - ~“ports are valuable aids in determining perfcrmance
alternatives and in appraising relevant choice-consequence relations.

Reports should be designed in terms of the following considerations:

1. Are cost ~1d schedule commitments being mec, and, if rnot,
why?

2. Are schednle and cost esrimate outlooks improving, and,
if not, why?

3. What is the degree of progress per plan?

4. Are rescurce allocations being realistically and effectively
planuned to achieve maximum resuits for coscs expended?

5. Wnhat problems are being encountered? Has corrective action
been initiated and, if so, what is the effect of the
corrective zction on time and cost?

6. Can manpower and rescurce elements be manipulated to
expedite accomplishment of critical activities?

7. What are recommendations for actions at the next higher level
of authority? 1Is management attentinn really vequired, or
has the responsible finctional manager for the task already
devised and instituted a work around plan?

Reports are vital management instruments. They provide:

1. A means whereby network slack values and network flow can be
appraised

2. Feedback for continuous evaluation of program objectives

3. A basis for identificatlen of problem areas.

23National Aeronautics and Space Administration, PERT and Companion
Cost System Handbook (Washington, D.C.: Government Printing Cifice, 1962),
p. IX-8.
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4, Informati~n regarding potential long-range forecasts of monetary
over-rui. ..

Statistical reports must be designed to avoid misrepresentation of data
znd/or incomplete information.

If, within a program span, schedulc and/or cost estimates seem
excessive, concise reports will indicate the degree of improvement from
one reporting period to the newt. Potential and/or real 'slippage areas
may reguire more frequent reports. Reports can visually display problem
aceas by use of colors, symbuls or other graphic methods.

Progress in relacion to network schedules can be shown using many
techniques. One simple and effective techniqu2 emphasizes only events
that have nccurred. The event node, complete with an actual achicvement

date is vlacken~d at its cente:r to deno:e completion. This can be repre-

sented 2s:
Actuai occurrence _—— Event r>de designator
time ————— 3.5
3.0
Ty — - Tg

Greater sopnistica’ion results if activity lines are blackened to
denote achievement. The use of black adhesive line tape enables easy
revision of progress estimates. Tuape, slightly wider than activity lines,
is clearly visible and serves as an effective communication referent:

Progress estimate

N

O
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If plans are to be executed to achieve highest returns for costs
expended, management requires complete, accurate, relevant and timely
information inputs. Reperts provide essential data concerning work pro-
gress ralative to plan, status of the plan and program validity. These
reports compare value of work planned with value of work accomplished and
with actual costs expended. TABLE 6 illustrates specific management
implications and the possible utility of these reporting technigues.

Use of the matrix presented in TABLE 6 requires pre-established
criteria. Qualitative ~nd quantitative criteria for work planned must
ba established for use as stanaards of comparison. The matrix can be used
as a basis for variance analysis.24 However, in its present form it is
instructive of a range of cost and schedule relations that can be used in
nanagement decisior making.

Networks and related reports provide management with an o~perational
means of evaluating status cf work in process, work completed and real
problem areas. They also can be used to forecast probable 7 .'/or potential

problem areas. The value of reporting is emphasized by Justus as:

Get regular reports, once the project is underway and evaluate
the project continuously. Keep a close watch to match progress
against schedule. When your critical path is in danger, your
whole project is in danger. Recycle as necessary. At some polint
in the actual project, you may have to refipure everv:ihing that
remains to be done. Seldom can a project be completed without
some change in the original plan or in the original r'rpcses.
Study alternative courses to find the one most apprcpriate course
to follow. 3imulation-~throwing variables (dropping some steps,
changing methods, etc.) into a network to produce different pos-
sibilities--helps here. Simulation can alsozgell you which 1is the
most or least costly way of doing a project.

Z4pester R. Bittel, ‘lanagement by Exception: Systematizing and Simpli-
fying the Managerial Jeb (New York: McGraw-Hill Book Co., 1964}, p. 125-
162,

25

John E. Justus, "PERT," School Management, December, 1967, p. 25.
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TABLE 6

COST AND SCHEDULE RIPORT MATRIX

PViIS PVWA ACTUAL COSTS IMPLICATION
$10 $ 8 $10 3ehind Schedule
- Over Budget
$10 $10 $12 On Schedule
Over Budget
$10 $12 $12 Ahead Schedule
. On Budget _
$10 $12 $13 Ahead Schedule
_________‘I Over Budget
$10 $12 §11 Ahead Schcdule
Under Buaget
$10 $ 8 $ 8 Behind Schedule
On Budget
$10 $ 8 $ 7 Behind Schedule
Under Budget
$10 $10 $10 On Schedule
On Budget
$10 $10 $9 On Schedule

Under Budgel

Objectives of Reporting

The Douglus PERT Policy outlines that effective internal reporting
procedures are based on these objecti es:

Measure accomplishment against scheduvle and objectives (status)

Assist in identifying realistic time requirements and provide
linits for scheduling (schecule)

Fix responsibility and assure contfnuity of effort despite
changes in pevsonnel (responsibility)

Provide total program visibility .t required level (coordination
and communication)

Locate potential future problem areas in time for corrective
action (forecasting)

Apply management by exceptinn techniques for higher levels of

Q management (analysis)

ERIC 67
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Stimulate ocutcome of projected changes and parallel approaches.zs

Benefits of Reports

If reports show that deviations from plin occur within the program
process, and that greater benefits can accrue by recycling, network
adaptability permits consideration and adoption of altern.:ives. This
process may require alterations to the logic flow of the program. Although
replanning requires additional inputs, (informition, energy and resources)
the effort expended could result in more efficlent program cost and sched-
ule control and more effective realizotion of objectives. VFlexibility in ;
ad pting to changes in plans permits continuing control nver program
activities, requiremenrts and outputs.

The type of report required 1~ di. -tly related to the level of
organization to winich it will be submitted. Data provided in reports sub~
mitted to lower levels of organization are more detailed than those

designed for the pol’:zy-makin3 level., Reports should be designed to pro-

vide essential information for decision making at particular levels in aun

organization.

Reporting Techniques for Cost and Schedule Control

Figures 14, 15 and 16 are examples of cest and schedule reporting
techniques that can be used to establirh high visibility {in such areas as

program status, program schedule, assigned responsibilities, coordination

26Douglas PERT Policy, Corpovate PERT Departments, The Douglas Company,
Long Beach, California, p. 3-8.
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and communication, forecasting, analysis and simulation.

Figure 3 reveals a first level network flow diagiam that possesses
events 1, 2, 3, 4, 5, 6 and 7 and activities 1.0, 2.0, 3.0, 4.0, 5.7 and
6.0, This network can be used to demonstrate schedule and cost relations
between planned value of work scheduled, planned value of work accomplished
and actual costs expended in perfu:mance. Figure 14 plots the relations
between astimated costs and planned performance through time. The relations

plotted indicate the planned value of work scheduled.

10x ¢
9""( F
8x |

7%

S
e

6x

5% T

4x +

ESTIMATED COS

3x |

2 |

1 —1 s i 4 —1 1 'l N 1 & 1
6

1 2 3 4 5 7 8 9 10 11 12 13
l—.———-— Planned Performance Time {in Months)——pl

*Cost here is arbitrarily assigned.
Fig. 14--PVWS Matrix

Using the relations established in Figure 14, it is possible to

compare the planned value of work scheduled with the planned value ¢f work

O
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accomplished (Figure 15). Note that the PVWA of event 2 is greater than
the PVWS. A possible implication of this variance is positive '"'spill-over"
benefits; i.e., the work accomplished is objectively determined (using
pre-established criteria) as being of greater value than that which was
planned. Trom the standpcint of information presented, it is evident that
the program is progressing approximately on schedule with gqualitative

productivity higher than expected.

e ke Ao el e b kbt B

Wr 10x ’/’/”(:)
9% F
8x
Ix |
6x t

[_|

w

8 5K
dx ¢
3x
2x k-
14

1 2 34 S 6 7 8 9 10 11 12 13
*
|<——-P1anned Performance Time (in Months)—*—"‘ .
*Assume time of status at end of month four (&)
Fig. 15--PVW3-PVYA Matrix
Q
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COST

|»<———Planned Performance Time (in Months)—-'

*#*Assume time of status at «nd of month four (4)

Fig. 16--PVWS-PVWA-Actual Cost Matrix

Figure 16 can be used to compare actual costs expendec with PVWA
to establish current program status. It demonstrates that performance,
compared to schedule, is on target and its quality is higher than fore-
casted. It reveals that actual costs expended are constderably higher
than those predicted. Management action may be required to curtail costs,
establish pertormance accountability nird maintain end-item cost credibility.
Recycling and/or reappraisal of beneflits may be necessary to re-establish
balanced program cost and schedule relations. Figure 16 extends network
schedule and cost relations to include the ingredient of actual costs
expended. Thev nust be plotted to evaluate the credirfility of cost-to-

schedule relationc.
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Replanning Consideraticns

A prime benefit to be gaineu from using PERT as & management tocol
is the forecasting of potentixl problem areas. Significant performance
deviations may require that replanning functions be performed. The use
of PERT afferds managers opportunities to +visually depict choice-consequence
relations. Sinulating future outcomes related to praferred replanning
alternatives enables management personnel to institute corr=actlve aztion
when varlances from plan are first evident.

Replanning alternatives include:

1. Rearranging serial activities into parallel or concurrent
configurations

2, Reeilocrsting resources from network paths showing positive
slack

3. Decreasing work scope, 1f feasible, to minimize requirements

4, Eliminating activities.

Planning and Control Cycle in Network-Based Management Proceduvres

If performance deviations from plan are noted in systematic reporting
procedures, regulatory functions must be operable to measure extent of
the deviaticn and to precject long-range implicaticns. A planning and
control cycle for network-based management proceduves is presenited in
Figure 17, The cycle 1s based upon specific aspects of network-based

management procedures as previously presented.

O
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Management Objectives and PERT

Management objectives during planning and control cperations that can
be achieved through the use of YEKT may be summarized as follows:

1. To establish performance comprehension through planning

2. To appraise, select and schedule priorities

3. To manage uy exception using prespecifiec objectives and plans

4, To assess risks, uncertainties and precbable difficulties

5. To anticipate problems which may cause schedule slippages, cost
over-runs and/or sub-standard performance.

Among the benefits to be achieved by adopting PERT management pro-
~edures are improved capabilities and/or effectiveness in:

1. Developing more leogical and credible schedules of performance

2, Lateral and vertical communication

3. Defining areas of performance requiring management attention

4, Developing an awareness of, and focusing attention on, inter-
actions and interrelations bLetween performance activities

5. Anticipating probabilities for success

6. OGraphically displaying program progress using schedule and
cost status network reports.

A PERT/COST system can be implemented (o> facilitate management actions
in such areas as:

1. Developing Work Breakdown Structures and relatad Function Flow
Block Diagrams

2. Making cbjective, as opposed te subjective, comparisons of PVWS
and PVWA against actual costs expended

3. Developing and managing expenditure estimates based on credible
time escimates

4. Maintainiag compatlbility between cost estimating detalls and
existing accounting system procedures

5. Preparing summary reports for higacr echelons of management,

O
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PERT can be used 2= a valuable management aid in assessing performance
requiresnents, justifying and rationalizing needs for technical assistance
and developing criteria that can be used to measure performance effective-
ness. PERT procedures erable management personnel to:

1. Develop realistic plans for action that-focus upon objectives
to be achieved

2. Assess performance factors, evaluate achievements and determine
performance effectiveness

3. Compare planned value of work scheduled and value of work
achieved with actual costs expended.

Problem Analysis Using PERT as a Management Tool

Variances from plans, estimated costs and/or schedule necessitate
problem assessmeut to determine probable causes and effects of such
variances. They may require prompt development and iniiiation of corrective
measures. The assessment process may be performed using network-based
data to:

1. Determine PVWS and PVWA

2. Compare PVWS and PVWA with relevant actual costs expended

3. Determine cost and schedule variances and their implications
for management action

4., Simulate possible alternatives and determine choice-consequence
relations for each alternative

5. Select and install preferred alternative for ccrrection of
variance.

The installation of preferred alternatives is based upon important
managemen: decisions regarding perforwance requirenents, criteria, objec-
tives, plans, strategies and procedures. Management musi be cognizant of

the need for carefully designed processes that can be used to: (1) derjve

O
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valid and relevant performance information; (2) determine performance

requirements and criteria; (3) specify and negotiate statements of gcals

and objectives; (4) determine priorities for action; (5) develop plans

and strategies based ¢ - performance criticalities; and (6) develop realistic

management procedures based upon predicted activities and events.

A network-lLased planning and control model (Figure 18) can be outlined

as follows:

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

13.0

14.0

15.0

17.0

18.0

Appraise program decisions and objectives, determine perfo. aunce
requirements and crireria, develop plans and strategies for
action

Define performance activities by developing a WBS and FFBD
Prepare cost account reference code structure

Design activity-based PERT and/cr CPM network (s)

Estimate activity time values

Define significant events and determine activities schedule
Prepare cost estimates for scheduled activities

R~vi2w plans, schedule ard costs

Secure approval for plaus, schedule aud cost estimates
Secure authorization for work to begin

Accumulate perforrance achinvement and cost expenditure data

Up-date and revise time and cost estimates as progress milestones
are achieved

Prepare and submit schedule and cost reports
Analyze progress reports in terms of objectives and plans
Evalvate piogram staius and identify wvariances in performance

Assess and evaluate relevant alternatives anu determine probable
choice-consequence relations

Prepare and submit change proposals and recommend new courses
and/or methods of action

Secure necessary approvals
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19.0 Develop and install preferred alternatives

e e i P PP et e A

20.0 Manage performance, evaluate achievements and determine
effectiveness of performance.

t
i
; PERT/COST
|
|

PERT/COST is concerned with each of the following activities:

1. Estimating the work to te done (planning)

2, Estimating the time required to perform the work (scheduling)
3. Assigning and delegating authority (fixing accountability)

4. Allocating inputs and managing efiorts according to schedule
(programming and budgeting)

5. Regulating performance and appraising variances (controlling)

6. Assuring quality achievement of cutputs (evaluating)

7. Esteblishing reliability in performance outcomes (achieving
credibility).

PERT/COST planning and control systems aid in achieving organizational
effectiveness. They serve as management guidelines for improving efficiency
in the utilization of inputs.

Relative to the value and beuciits to be derived thrcugh the use of
PERT/COST systems, Douglas PERT policy states:

PERT Time and PERT/COST comprise an integrated management

information system for planning and control over the program

variables of time and cost. . . it is a management tool that

| provide; for decision making beforehand, at the point of
action.

Through a study made on behalf of the Assistant Secretary
of Defense, Douglas has determined that FERT Time was
directly responsible for a savings of Sg.OO for every
dollar spent on the PERT Time functior.

271bid., p. 1-3

’81bid., p. 1-19.
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Networks such as PERT and CPM are best utilized in non-standard
situations where uncertainty is prevalent. Model networks must be zppraised
in relation to program Adecisions and objectvives, desired and/or specified
outcomes, reguirements and criteria and plans and st.ategies for
action., Such appraisals are required to determine the applicability
of network-based procedures to specific organizational problems and/or
programs. Cook states that:

Management specialists in general recognize , . . that PERY
is most suitable for research and davelopment activities :nd
not for routine or production-type projects.

Regarding educational applicaticns, Garlock states that:

Benefits to educational managers from using PERT for such

programs as curriculum development and educational research
include-

1. A single network portrayal of the complete system.

2. A basis for a unified standard of communication
among staff members.

3. A procedure that c¢nhances common understanding at all
decision-makiang levels.

4. Reports that allow for thorough assessment of the
sequence of activities, schedules and costs.

5. Reports that assist in analyzjing and evaluating the
status of complated schedules and costs.

6. Reporls that assist in forecasting or isolating potential
problems and decision making.

7. Reports that assist in planning the best possible use of
resources to achievc desired gozls.

8. A means whereby all tasks must be specifically defined.

9. A means to determine where resou-ces should be applied
to best achieve the desired objectives

10. A means to assist in identifying those arecas of potential
delays.30

29Cook, PERT Applications in Fducation, p. 68.

3OJerry C. Garlock, "PERT: A Technique for Education--kesearch in
Review," Educational Leadership, January 1968, p. 353.
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Summary

Control is a management function designed to assure tnat per.ormance
proceeds according to plur. Use of PERT as « management tool helps to
ident?fy performauce deviations at the pcint of departure from plan.

Reports and reporting procedares must be developed, installed and
operated that provide information to management at all levels of the
organization. The info.mation must be complete, accurate, celevant,
timely and valid to provide management with sound information for effective
decision making.

PERT/COST provides a svstematic metbod for planning and controlling
program expenditures. It provides information for compaving and valuating
relations between:

1. Planned Value of Work Scheduled (PVWS)

2. Planned Value of Wwork Accomplished (PVWA/

3. Actual Costs {(AC) expended.
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CHAPTER VI

CTHER NETWORK-BASED MANAGEMENT PROCEDURES

Other network-based management procedures can be implemented to plan
and control 'processes' and/or 'routine' activities. Network-based pro-
cedures typically used for standard or routine tasks inciude:

1. Line of Balance (LOB)

2, Gantt Bar Charrs

3. HMilestone Charts

4. Flow Charts

These procedures were developed prior to PERT and CPM. The primary
difierence between these proceduFes and PERT or CPM is one of application

and utility rather than one of concept and principle.

Line of Balance (LOB)

Line of Balance is a prcduct-oriented networking technique that
enables management and subordinates to visualize "where they are" and 'where
they should be" for any given milestrne (event) at any given time. It iz
best applied tu prograus where objective achievement recurs systematically,
and activities, to achieve the objective (gperformance cycle), require an
extended time span. For example, if the objective is to be arhieved on a
four-week recurring cycle and five or more weeks are required to perform

necessary activities, Line of Balance Charts enable managerent:
O
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1Y

To determine where performance should be related to activity
overlap requirements

To make systematic : omparisons of actual performance o:.tputs
and planned performance outputs at strategic control poiats
(milestones) threocughout the perforuance cycle

To make systematic perforinance compariscns related not only to
the next objective to be achieved (x) but also to succeeding
objectives (x + l...x + n).

It involves plotting proven sequences of events over a specified

period of time. The establishment of such relations facilitates system-

atic achievement of recurring objectives.

The

1.

2.

W
.

LOB

wanaging

objectives of LOB are:
To identify activities which may need special management attention

To identify time relations and evaluate deficiencies at specific
control points

To establish management consciousness of interdependencies,
interrelations, interactions and interfaces.

can be used as an educational management tool in planning and
such recurring aciivities as:

Regularly scheduled scho 1 board meerings

Regularly scheduled in-service programs

Regularly scheduled administrative cabinet meetings

Other regularly recurring activities.

Operationally, LO% can be used to:

1.

2.

3.

4

Measure the significance of verformance relations
Determine the feasibility of objective acnievement

Determine performance areas requiring management attention and
cnrrective action

Provide reliability checks on control actions
Establish a framework for inputs allocation

Report progress in recurring types of activities

-82-
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7. Communicate actual program status relative to plans and objectives.

Development of a line of Balance Chart

Developing a Line of Balance chart involves four fundamental processes:

1. Establishing network flow by plotting activities requiring control
in the progran

2, Time phasing the network flow using prespecified requirements and
criteria

3. Pl .ting recurring objectives on a tinec-metered base. ine
4, Establishing a matrix for determining individual event status.
To develop a LOB chart, a large (e.g., 22" x 34'") sheet of metered

paper is divided into three sections as shown in Figure 19.

Section B Section C

Section A

Fig. 19--LOB Chart Sections

Dimensione of each section may be varied to meet the spatial needs for

recording available information.

Establishing Network Flow by Ploiting Activities Requiring Control {n

the Program. On a OB chart, milestones (events) are designated by the symnbol

Z{E& . The milestones are plotted through time in Section A of the LOB ch-rt.

O
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Lines of relaticn are drawn between milestones toc illustrate interrelaticns
between artivities. Unlike PERT or CPM networks, activity lines may iInter-
sect at any point on the activity continuum. This eliminates the necessity
for lead time and dummy activities as required in PERT or CPM networks.

The same relaL.-on can be shown using PERT and LOB techniques (Figure 20).

Appralse Architect Appraise Architect

: : Capabilities Capabilities

Raise Funds for
New Gymnasium

Raise Funds for
New Gymnasium

Fig. 20--PERT and LOB Relations

Time Phasing the Network Flow Using Prespecified Requirements and

Criteria. In Section A (Figure 19) of a LOB chart, ecvents are plotted

through tirme on a day-to-day basis. The horizontal axis is divided into
single and 5-day divisions. Specific dates are not considered &t this time,
The purpose 1s to establish a logic flow of milestone-activity relations
through time. LOB charts are most effective in repetitive-type uperations.
Time standards for recurring processes should be based on previous perfor-
mance experiences. An exemplary LOB chart €or S~ction A is presented in
Figure 21 The activities presented are nct labeled. For purposes of
explanation, they shall be referred to as activity 1-2, activiey 2-3, , . .

and activity 6~7.
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Milestone 7 represents the objective to be achieved. Activities 1-2, 2-3,

2-4, 3-5, 3-6, 4=7, 5-7 and 6-7 must be performed prior to its achievement,
Each activity can be located in a time sequence usinz the metered baseline.

For exanple, activity 1-2 is scheduled to be performed in 4 days, activity

2-3 in 3 days and activiry 2-4 in 7 days. Twenty-two days are scheduled

for achievement <f the objective. Scheduled days are numbered from the end
milestone in reverse order to the first milestone. Day zero is the target
date for achievament of the objective. Work required to achieve the objec-

tive must begin 22 days before this deadline.

Plotting Hecurring Objectives on a Time-Metered Baseline. Results of

plotting recurring objective achievement on a time-metered baseline are
shown in Section B of the LOB chart. Section B reveals recurring target
dates for achievenment of milestone 7 on a >2-week metered time line.

The initial activity in charting Section B is to determine the number
of times per year that a recurring objective must be achieved and the length
(fn weeks} of each time interval required for its occurrence. The intervals
through time can be entered across the bottom of the horizontal axis of
Séction B. Dates cannot be plotted on the vertical axis with necessary
degrees of certainty until the relation between data presented in Sections
B and C are appraised. Each date can, however, be plotted along the time-
metered baseline. For example, Figure 22 plots milestone 7 occurrences once
every 4 or 5 weeks. A tentative mark is made on the time axis to record

these data 1. Section 3 (as indicated).

Establishing a Matrix for Determining Individual Event Status. Section

C of a LOB chart plots instances of milestone vccurrence in ascending order

on the vertical axis. If the recurring objective is to conduct monthly

O
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Fig. 22--Section B of a LOB Chart--
Preliminary Plotting of Planned Objectives Through Time

board meetings, the vertical axis is numbered from 1 to 12. Location of
irstances of milestone occurrence on the vertical axis is dependent on the
number of times the objective is to be achieved. The number of instances
of objective achievement determines spatial requirements on the vertfcal
axis.

The horizonta. axis of Section C contains the number of milestones in
the network flow (from Section A). Figure 23 is an example of Section C.
There are 12 recurring Instances of objective achievement as shown in
Figure 22. There are 7 milestones as shown in Figure 21,

The instances of occurrence for each milestone must be equal to the
number of times that the oltjective must be achieved {performance cycle).
The numbers 1-12 along the vertical axis will be used to represent the number
of jinstances that a particular milestone has occuired. Tne numbers 1-7 along
the horizontal axis represent the numbers assigned to individual milestones

that occur during the achievement of the objective as indicated in Se~tion A.
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Fig, 23--Section C of a LOB Chart

Strikiug the Line of Balance (lob). Figure 24 plots planned, recurring,

objective achiavement through time (expressed in selz.ted time units on a
metered baseline). To make the LOB chart a functional tool it is necessary
to plot the instances of miiestcne recurrence (status of milestone) on the
vertical axis as shown in Figure 23 (Section C)., A planned line of recurring
objectives achievement through time can then be plotted in Section B. Tais
line serves as a baseline for striking the line of balance along an on--going
course of performance., Figure 24 iliustrates this relation between Section

B and Section C. Note that the horizontal axis of Section B represents veeks
through a year. The vertical »x1{s of Section C represents recurring objec-
tive achievement. The first instance of achievement is to occur in week 4,
the second instance in week 8, . . , and so on, to the twelfth instanrce in
week 52, The dotted lines in Section B are used for illustration purposes
only to show how the recurrlng achievements relate through time in Se~tion B
to instances of planned occurrence of objective milestones revealed in

Section C.
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Fig. 24--Intepration of Sections B and C--
Final Plotting o° Planned Object.ives Through Time

Operational Use of Line of Balance (LOB)
as A Management Tool

Striking Liunes of Balance for Operations

O

Major reasons for using LOB as a management tool are: (1) it incor-
porates the principle of "management by 2xception;" (2) it can be used to
plan and control overlappiug activities required to achieve recurring objec-
tives. Activities and/or control points requiring corrective action must
be identified at points of departure from plan, Determining actual statusg
and comparing status to performance plans provide a basis for comparison
of achievements to p‘'ans.

The firs: step in making LOB an cperational tool is to determine the
status of actual performance using information supplied by responsible
managers. Status must be determinced for each milestone in Section A
(Figure 19) This status is then related to the matrix in Section C
(Figure 19).

Section A (Figure 21) has seven control points (milestones) in the

<89~
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network flow. For example, status of these céﬁtrol poin:is 1is appraised at
the end of week 12, Status must be determined in terms of prespecified
requirements and criteria, Week 12 is chosen for demonstration purposes
only. In actual operations, status woull be determined weekly. Feedback
from responsible managers shows that:

1. Milestone 1 has recurred in ten instances

2, Milestone 2 has recurred in four instances

3. Milestone 3 has recurred in two instances

4, Milestone 4 has recurred in four instances

5. Milestone 5 has recurred In two instances

6. Milestone 6 has recurrad in two instances

7. Milestone 7 has recurred in two instances.

Figure 25 illustrates the charting of the above data. The data are

entered in Section C of the LOB chart.

o 12
2z v 11
9w § 10
4o u 2
Ll 7]
L0 @ & 8'
53 4y 8
N |
E M M
A YO0 K #
.0 ] 5
" U )
58 48 )
£ 31
N ®
A 2 Lih Jll]lLl
3 A i )
1 2 3 4 5 6 7

Numbers Assigned
to Milestones

Fig. 25--Sectinn C--Actual Performance Data
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The second step in making 1.0B an operational tool is to "strike' the
line of balance (lob)}. This requires coordination of data between Sections
A, B and C of the LOB chart. The result of this activity is to develop a
composite stair-step effect that indicates where performance should be.

For illustrative purposes, week 12 is the point in time that status is
determined. Week 12 is one week prior to the next planned occurrence of
objective achievement. From Section A of the LOB chart, milestoiies 5 and 6
are located in the week before the planned occurrence of milestone 7. A
horizontal line is drawn from the intersecting point in Section B (week 12)
across milestones 5 and 6 in Section C. The horizontal line (line of balance)
is revealed in Section C (Figure 26). The horizontal dashed line across

Section B is used for illustration purposes only.
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Fig. 26--3triking the lob
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This horizontal line across milestones 5 and 6 in Section C indicates
where the level of periormance should be to achieve mileztone 7 on schedule.
Vertical status in Section C indicates the statas of actual performance,

It is evident that performance is not progressing to plan. Actual status
indicates that milestones 5 and 6 have occurred in two instances. The
line of balance indicates that milestones 5 and 6 should have occurred in
three instances, Further analysis will indicatz which of the control
point{s) is constraining performance.

To strike the line of balance for milestones in preceding weeks it is
necessary to move forward in time along the planned course of objective
recurrence presented in Section B. For example, in week 11 (Section A)
milestones 3 and 4 are events that were scheduled for occurrence. As
status is determined in week 12, they were schednled tc occur one week in
the past. , To strike the line of balance, locate the intersecting line
one week in the future (week 13) in Section B. Drav a line across mile-
stenes 3 and 4 at that point to determine the line of balance (Fisure 27).
The horizontal dashed line across Section B i1s used for fllustration
purposes only.

To strike the line of balance for milestones in succeeding weeks,
it is necessary to move further backward along the planned cbjectives through
the time cuntinuum presented in Section B, Tie LOB chart is used for repeti-
tive programs. Work to be performed in future weeks need not be performed
to as high a nilestone o:currence level, For example, in week 13 (Secticn A)
milentone 7 is the cnly control point that is scheduled to occur. To strike
the line of balance, locate the intersecting linz for week 11 in Section B.
Draw a line across milestone 7 at that point to determine the line of

balance (Figure 28). 1he horizontal dashed line across Section B is used

-92-~
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for illustration purposes only.

Milestone 4 (Figure 27) is ahead of schedule. Status of work performed
indicates completion through four event occurrences. The line of balance is
determined at the third event occurrence. Milestone 4 is not a constraining
event.

Milestenes 2 and 3 are locatad in week 10, i.e., two weeks prior to
week 12 (Section A). To strike the line of balance, locate the intersecting
line two weeks after week 12 (week 14) in Section B. Draw a line acrossc
milestones 2 and 3 at that point to determine the lire of balance (Figure 29).
The horizontal dashed line across Section B is used for illustration pur-
poses only.

Milestone 1 is located in week 9 (Secti.a A). To ctrike a line of
balance, locate the intersecting line for week 15, th-ee weeks after week 12
in Section B, Draw a line across milestone 1 at that point to determine the
line of balance (Figure 30). The horizontal dashed line across Section B
is used for illustration purposes only.

The "management by exception' principle specifies that management focus
attention on deviations from plan to improve sub-standard performance.
Figure 30, a cowmpleted LOB chart, {s a tool that can be used to aid the
problem~finding process. Milestones 1, 2 and 4 ave ahead of schedule.
Milestones 3, S, 6 and 7 are behind schedule. The cause is located at
milestone 3. Manap2ment should focus atteation and coﬂcencraca efforts on
improving performance related to activity 2-3, Something is constraining
the verforma.ce of that activity. Milestones 5 and % are constrained by
milestone 3. Milestone 7 is constrained by milestones 4, 5 and 6. Activity
2-3 constrains the occurrence of milestone 3. 'hen deviations in performance

are evidenced, the suspect area is the one nearest the beginning event in
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the performance f{low.

As a reporting medium, LOB charts indicate status of individual mile-
stones at any given point in time. They aid management in determining
effectiveness of performance by comparing planned performance with actual
achievement.

Like PERT, LOB techniques assist in identifyinrg rroblem areas prior to
their "becoming a disaster" and permit managers to take corrective action.
Networks indicate to management those sreas where decisions may be required.
The tool itself does not do the work; it can only identify a point where
decisive action is needed. Management must make the decisions. The benefits
of network-based plans and controls accrue from recognition of need for
action and initifation of action by management in those areas that require
attention if program objectives are to be achieved (Figure 31).

The interim steps in an integrated LOB are displayed in a flow chart
which represents a plan. Performance is monitored by comparing achievements
with expectations at control .oints. The plan establishes logical control
points, their interdependencies and interactions and arranges them in
tire-phased sequence.

Time phasing estimates in LOB are based on past performance. Unlike
PERT estimates, LOB estimates require prior experiences that have determined
tenporal and technical requirements.

The principal difference between FERT and CPM techniques and LOB tech-
niques is that PERT and CPM techniques are applicable tools for non-recurring
research and development programs. LOB is rore applicable in recurring

prugrams of such siznificance that they wariant close attention by management.

107
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PERT/LOB Consicerations

An Innovation in network techniques, which combines the research and
development planning elements of PERT with the recurring event control
elements of LOB, is identified by the acronym PERT/LOB. PERT/LOP coordi-
nates the majur benefits of both techniques and represents au integratad
planning discipline with emphasis on ease of contrcl. PERT/LOB "broadens
PERT by allowing inclusion of repetitive activities in the network.”31

A logic-based, time-oriented network is fundamental in the PERT/LOB
concept. The network flow is based on a WBS and FFBD. The nth level
elements are further delineated in work packages which constitute the
lowest level for planning and control.

Cutput veports in PERT/LUB use data from milestone reports, status
reports and activity reports. The milestone report considers rajor events
and their occurrence in relation to plan. Status reports ir .icate achieve-
ment at each contrul point and include reviced projected realization dates
for milestone occurrences, Activity reports relate planned to actual
achievement by activity. Middle level management can use activity reports
to advantage. Upper level management will find status and milestone reports
valuable as control tools and for visual reports to policy-making bodies.

PERT/LOB is a technique which bridges the gap between development acti-
vities and completion of the program life cycle. It can be used by all
levels of management for planning and control during the overlap between

development and operat-on.

3lpeter P. Schoderbek and Lester A. Digman, "Third Generation, PERT/
LOR," Harvard Business Review, September-October, 1967, p. 105.
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Gantt Bar Charts

Gantt Bar Charts are process-oriented networks to plan and manage
performan:e functions and/or tasks through time. They ar- time~criented
tools that can be used in controlliing and evaluating performance. Primarily,
they are used to measure progress in planned sequences of activities leading
to the realization of objectives. Gantt Bar Charts enable processes to be
made highly visible,

These charts are a simple means for representing schedules. They serve
as tools to display over-all status of program progress. They are readily
understandable. Gantt Charts are process oriented and are particularly
useful for planning and managing m~npower and .sachine prncesses.

Limitations include:

1. Interrelationships are not charted

2. Performance measurements during an on-going course of performance
tend to be subjective,

Milestone Charts

Milestone Charts are product-oriented networks to plan and manage per-
formance events. They can be detailed or they can be general in nature.
Milestones are synonymous with events in PERT networks. ''Milestones . . .
are specific, definable tasks or accomplishments, recognizable at a particu-

32 Milestone Charts are like Gantt Charts since they

lar instant in time."
do not readily pictorialize interdependent and/or sequential correlations.
Summary Milestone Charts, with detailed PERT-type networks as back-up tools,

may be useful to management as gross status-report media.

32AMETA, PERT/COST & Control, p. 3-2.
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Flow Charts

Flow Charts are process-oriented networks that depict event-activity-
event relations through time.

Flow Charts combine the processes of Gantt and Milestone Charts. As
an immediate predecessor to PERT and CPM, Flow Charts include provisions for
detailing limited interrelations and interface junctions. Unlike PERT and/or
CPM, however, Flow Chart development depends cn data from previous experience.
Flow Charts are more suitable in recurriug programs that require close
management attention. Temporal estimates used in the charts must reflect
data accumulated from previous experience.

Figures 32, 33 and 34 are examples of Gantt, Milestone and Flow Charts,
Differences in charting reflect eith2r the process or product orientution.
Similarities include time line provisions and methods of delineating func-
tions. Data from previous experience are required tn determine the period
of time required to perfor: specific activities. Analysis is required to
determine the activities that must be performed. Gantt, Milestone and Flow
Charts are used for planning, controlling, evaluating and visually display-
ing recurring courses of performance. They also serve as reporting instru-

ments that can be used in conjunction with other management procedu es.
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Fig. 32--Milestone Chart

The Gantt Chart is process oriented. Tasks are spread through time.
Tasks are identical to activities as used in PERT/CPM.
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Fig. 33-- Gantt Chart

The Milestone Chart is prodm:ct oriented. The starting and ending points
of tasks are spread through time. Milestones are identical to events as used

in PERT/CPM.
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Fig. 34--Flow Chart

The Flow Chart is a direct predecessor of PERT/CPM. Tha Flow Chart is
spread through time. Interdependencies and interactions are digplayed.
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CHAPTER VII

CONCLUSION

AMETA philosophizes:

A management device or technique, regardless of the degree

of sophistication, is only a tool and can never te a substitute

for effective managers. The tool or technique must be an inte-

gral part of the entire management process. Logically, there-

fore, in any presentation of a management technique such as PERT,

a sound concegt of the management process must first be

established.3

Network-based management procedures, including the FFBD, WBS and
related work packages, offer advantages to educational managers as tools
in long-range planning and in conirolling performance activities. Prob~
ability factors can be projected. Feasibility of objective{s) achievement
within temporal, cost and technical requirements can be determined.
Reports can be designed to provide up-to-date information on cost and
schedule status.

Summary and detailed networks may be designed for use by all levels
of management., Criticality is easily determined and detail planning can
be designed and managed for critical activities. Leveling is a management
planning and controlling factor for allocating inputs to achieve desired/

required program objectives. Consideration of criticality and need for

resources management stem from event slack time and activity float time.

31bid., p. 1-4.
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Critical path(s), slack and float time determinations are possible after
scheduling Ty {earliest expected time), Ty, (latest allowable time) and tg
(expected elapsed time).

The five basic steps involved Iin PERT are:

1. Assess and organize program objectives

2, Plan the program

3. Schedule the program (considering resources avallability)

4. Control the program

5. Replan (recycle) as required.

Scientific methods of problem solving result from "a systematic
approach to definition of a problem and the development of a solution.34
Basic requirements of network-based management techniques involve mathe-

matics and, possibly, the use of computers.

Computer Requirements for Network-Based Management Procedures

Technical mastery of computer processes is not essential for their
use in network management procedures. Speed, volume and cost are requisite
conditions for computer applications.

PERT Guide for Management Use asks, 'Can PERT be used without a com-

puter? Definitely. . . . However, the use of EDP equipment speeds data
processing for larger networks ."3?
Guidelines for computerization of networks involve:

1. Desired/required frequency of reports

3I‘Hartino, Applied Operational Planning, p. 13,

35PERT Coordinating Group, PERT Guide for Management Use, p. 10.
O
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2. Desired/required configuration of reports

3. Duration of applied program

4. Coat required for application

5. Availability of required facilities

6. Program complexity.

NASA-PERT Fundamentals evaluate the need for data processing by
stating: "No general formula can iLe given, since each factor will vary
with each particular situatfon.'3® Computation of t,, Tg, TL, Slack,
Float and Criticdl Pdath(s) can be made either manually or by using a
computer. Computer programs have been developed and are available in
either program-oriented Common Business Oriented Language {(COBOL) or
Formula Translation (FORTRAN} language for these determinations.

Computers can also discover logic flaws (e.g., closed loops in the
network). As a control mechanism, EDP compiles rep:rts more quickly than
such reports could be compiled manually. In cciplex programs involving
200+ events and/or extensive expenditure forecasts, performance measurement
probably will require quick feedbacks of status. Computers, by nature of
design, offer advantages in providing quick feedback data. Decisions to
utilize EDP as a tool require objective evaluatic. as well as economic
Justification by management. To iterate: Literature surveyed consistently
reports that while computer utilization may be extremely valuable, it is

not essential to network-based management proceduics.

36
PERT Orientation and Training Center, PERT Fundamentals, Vol. II,
p. 86.
O
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PERT Uses for Educational Programs

Programs or situations, where the 'PERT' PFRT/COST technique has
been particularly useful include, planning, scheduling and controliing:

1. School construccion

2, Curriculum plananing

3. In-service training programs

4, School board meetings

5. Master plans (short, intermediate and/or long term)

6. School publications

7. Implementing new and/or reorganized btusiness operations

8. Planning for opening/closing of schocl year

9. Installing a system computer center.

PERT is best utilized if it is applied at the beginning of a program
lifecycle, but it can be intrcduced sl any phase, particularly if critical
scheduling and/or cost problems are evident. Programs of large size and/or
complexity may, in fuct, require .he use of networking for strategic
management and operational planning and control. Allocation and scheduling
of inputs are necessary to achieve desired/required performance end-item
results for minimal expenditure(s). As a management tocl, network coustruc-
tion and utilization also aid decision making if they are used in forecasting
andfor simulating the effezts of alternatives, They assist decision makers
in determining where they are going. Networks aid educational leaders in
visnally forecasting potential problem areas. Management can then initiate
corrective action before a problem becomes a disaster. Two basic objectives
of network use are (1) utilization of management by exception principles

and (2) increased delegation of responsibility and authority.
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A requisite step in the use of network~based management procedures is
a managenent-issued statement endorsing appropriate network techniques and
acknowledging them as "authorized technique(s) for program planning and
control."37

Conceptual adaptability and simulation of alternative choice-consequences
are prime advantages offered by networks that are based on system analysis
principles. New school construction and other complex and/er critical pro-
grams which involve multitudinous and complex interrelationships can be
planned and managed by utilizing PERT and/or other graphic techniques.
Network design improves discriminatior. and reasoning as well as sharpens
intuition and judgment. XNetwork-based management procedures not only per-
mit, but they also require, continuing revision and re-analysis. Complex
programs require continuing evaluation and frequently require replanning.

PERT/CPM are, by definition, geared toward this end.

Implications for Change

An adoption decision to use network-based management procedures in
planning, controlling and evaluating performance and progress toward goal
attainment may or may not require a change in managerial and/or organizaticnal
philosophy. tHanagement must secure a broad base of involvement and partici-
pation before the tools can be utilized effectively. In-~service training
programs for managerial and operational staff members are required. As
personnel develop an understanding of network-based manage.ent procedures,

they begin to appreciate the need for better planning, control and evaluation

J7PERT Coordinating Group, PERT Guide for Management Use, p. 42.
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procedures. As they.work with network-based procedures, they begin to
realize their value and limitations as practical management tools, The
most important aspects of adoption are a well planned and carefﬁlly
implemented in-service education program and managerial actions that

support adoption of network-based procedures.
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Terminology

Account Code Structure

Activity

Assess
Appraise

Control

Critical Path (CP)

ERIC
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Definition

A programming numbering schema to
plan, accumulate and control direct
costs related to a program

Used for cost analysis

Separate assigned numbers for each
functional area of responsibility
and further broken down into sub-
element numbers within work
packages

A performance function or task

Utilizes irformation, energy and
resources and represents an active,
mandatory task between two events
to achieve successor event occur-
rence; (e.g., Plan Agenda, Identify
Alternatives, Perform Analysis,
Make Decision, etc.)

Identify, analyze and define
Analyze and valuate

Ability to measure performance
achievement compared to plan and
to regulate operations

Utilizes management by exception
principle

Proporiionate to communication
effectiveness

Tests
Reliadbility
Validity
. Relevancy
. Feasibility
. Acceptability
. Functional relativity
of network and communication

Longest (time-oriented) path(s)
of sequence(s) or activities in
a network



Critical Path Method (CPM)

Dummy

Event

Float

Function

Functional Management
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A path is critical when Tg = Ty
and there is zero or negative
float time

A networking planning technique
that is
. event-oriented
. computer-oriented ard
used to plan and manage
critical and/or complex
programs c¢f planned change

Used interchangeavly with PERT
Generally uses one time estimate

An activity that is used for clarity
of communications or to depict a

logical dependency

Does not utilize information,
energy nor resources

A specific, definable point in
time, an occurrence

Consumes neither resources nor
energy

Must precede and/or succeed
activities; {(e.g., Start Planning,
Start Assessment, Complete Testing)

A positive, negative or zero
temporal quantity related to
activities

Ty, of succeeding event, minus TE
of preceding event, minus tg of

referenced activity

Used to schedule resources to mini-
mize non-productive utitization

An organizational activity
Required, active performance unit

Personnel responsible for man:ging
organizational activities

Personnel who must make activity-
time estimates for a network
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Gantt Bar Chart

Interface

Job Account Code

Lead Time

Leveling

Line of Balance (LOB)

Management by Exception

APPENDIX A

A process-oriented networking tech-
nique to plan and manage performance
functions and/or tasks through time

Means of displaying planned schedule
and status of progress

Transfer of constraining or limiting
event from one area or responsibility
to another

Displays interrelations betwezn
events

Assigned job and task-charge

number for budgeting, measuring and
controlling tasks within a work
package

Time required after start or com-
pletion of one activity before a
concurrent activity can be started
or completed ‘

Requires time estimates by
responsible manager

A management technique to minimize
non-productive resources utilization
in program scheduling

Consideration when scheduling
priorities

Dependent upon "float'' determinations

A product-oriented networking
technique that enables management
and subordinates to visualize
"where they are' and ''where they
should be'" for any given milestone
at any given time

Applicable to recurring-type pro-
grams where control is essential
but research and development
activities are minial

A system of Information gathering
and processing for the purpose of
problem finding that enables
. Application of management
energies to those areas of



Planning, Evaluation and Review
Technique (PERT)

Reports

Resources

Rolling Wave
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An activity-oriented time and cost-
phased network that displays
objectives, functions and tasks

and their prerequisite occurrences
arranged logically in sequence
and/or parallel

Based on detailed analysis and
delineation of desired objectives

Inculcates the processes of planning,
organizing, directing and controlling

Depicts interrelationships, inter-
dependencies and integration

Permits determination of proba-
bility factors and feasibility of
schecule

Feedback control mechanisms to
identify performance deviations
that
. Aid choice-consequence
determination of possible
alternatives

. Measure plinned against
actual achievement and
expenditure
Enable measurement of effectiv-
ness and efficiency of
system

. Assist in evaluating problems

Five in number (m“t)

. Men

. Money

. Machines
. Materiel
. Time

Process by which immediate future
is planned in greater detail than
long-range future

Continuous updating (as time pro-
gresses) incorporates detail as
need develops



Milestone Chart

Network

Planned Value of Work
Accemplished (PVWA)

Planned Value of Work
Scheduled (PVWS)

Planning
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program (as determined by
network flow and control

procedures) which require
special attention

Requires clear and succinct identi-
fication and communication of
requirements, specifications

and objectives

Depends upon clarification of
responsibility and authority
assignments

A product-oriented networking
technique to plan and manage
performance events

Milestones are considered as are
events in PERT Charcs

A networking flow chart depicting
event-activity-event sequences and
relations

Based on an analysis of performance
functions and tasks

Integrates interdependencies, inter-
relations and interfaces

A PERT/COST technique to plot
relations between planned per-
formance benefits and actual per-
formance results

A PERT/COST technique to plot rela-
tions between planned performance
and estimated cost

The conscious determination of
alternative courses and/or methods
of action for accomplishing a valued
target in light of relevant situ-
ations and conditions, future pro-
babilities and perceptions of con-
sequences to be experienced

Involves assessment, evaluation,
organization and communication of
program objectives

iy il e,




Scheduling

Simulation

Slack

Status

Task

Work Breskdown Structure
(WBS)
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Time phasing of a network flow
diagram to plan performance func-
tions and/or tasks through time

Related to PERT, the following
processes must be performed
. Determine activity-orientel
expected elapsed time (tg)

. Determine event-oriented
earliest expected time (Tg)

. Determine event-oriented
latest allowable time (T})

Determine ~vent-oriented
slack time

. Determine activity-oriented
float time

. Determine critical path(s)

Bridges the gap between planning
and implementation

Assessment, evaluation and selection
of planned alternatives to determine
most advantageous course of action
through choice-consequence relations
comparisons

A positive, negative or zero tem-
poral quantity resiated to events

Indicative calculation of criticality

Positive slack indicates "spare
time"

Negative slack indicates "crisis"
and a limiting event

Zero slack indicates 'criticality"
Objectively derived indications of
actual achievements compared to
planned performance

An individual performance activity

A sub-setting framework which is
developed during analysis from



Work Package .
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objective(s) backward to lowest
sub-units of work required for
planning and control

Based on analysis, logic principles,
simulation of alternatives choice-~
consequence determinations, and
selection

Basis for network graphic flow and
cost, and schedule status
summarization

Aids identification and organization
of objectives

Groups of activities, functions
and sub-level objectives which,
when accomplished in a simulated
and priority~arranged sequence,
lead to desired/required objective
achievement

Sets of related tasks that are
detailed in analysis of low-level
activities in a Work Breakdown
Structure

Plan against which performance
measurement is possible for detailed
tasks

Represents n + 1 level of detail

Fundamental element on which PERT/
COST systems are based

Serves as "lesson plans' to plan,
guide, measure and control work
effort
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NETWORK SYMBOLS

Optimistic time estimate--indicates one percent chance for success
Pessimistic time estimate--indicates one percent chance for success
Most likely time estimate--indicates fifty percent chance for success
Ea:liest expected time (date) for an event Eo occur

Latest allowable time (date) for an event to occur

Estimated expected elapsed time required to perform a network activity
A network event

A netwovk activity

Critical network path--sometimes the other symbol (==3») is used

A dummy or constraining or Limiting network event

A dummy or constraining or limiting network activity

A network interface event

A network end event

A network milestone

A mandatory "and" gate used in FFBD to denote more than one simul-
taneous and mandatory course of action

An "or" gate used in FEBD to dencte a point in a network where a
choice must ke made between alternative courses of action

Vork Breakdown Structure

Function Flow Block Diagram

129

B-1



APPENDIX C

PERT AND CPM PRACTICUM EXERCISES

130



Rk REIPE P R,

O

ERIC

Aruitoxt provided by Eic:

APPENDIX C

PERT AND CPM PRACTICUM EXERCISES

The following practicum exercises have been designed for reader us~
as an aid in developing such network-based rianagement skills as:

1. Developing a network flow diagram

2. Determining the activity-ori:nted tg values

3. Determining the event-oriented TE and Ty, vaiues

4. Determining event slack time values

5. Determining activity float time values

6. Determiring critical network paths

7. Scheduling and allocating available inpu‘s.

Requirements for the following practicum exercises include that of
working within the framework of supplied information. No assumptions need
be made. Time to complete the exercise is not to be a limit.

indi~ators of demonitrable competencies in exercises 1 through 6 will be
based on accuracy of soluticns. Each participant is expected to evaluate
his degree of conceptual comprehensicn. Indicators of skill development in
Exercise 7 will be based on individually developed solutions and capabilities
to explain and "sell" the solutions developed to a grcup of peers.

The following practicum exercises are included:

1. Develcping a network flow diagran using activitv-event relations
detailed in the exercise

2. Determining the activity te using the formula provided in the
exercise ’

3. Determining eveut Ty and Ty, values using the te values calculated
in Exercise 2

4. Determining event slack time using Tg and Ty, values derived in
Exerxcise 3

5. Determining activity float time using tg, Tg and Ty, values
calculated in Exercises 2 and 3 respectively

131
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6. Determining network critical path(s) using the time values
calculated in Exercises 2 through 5

7. Using a mandated latest allowable (Tp) event time for the end event:
7.1 Determine
. whether or not the requirements are feasible
. how to manage the program
. what "trade-offs" would and/or should be made
7.2 Explain
how '"trada-offs' were made
the implications and/or expected results of each

. what evidence and steps were employed in reaching
conclusions.

The objective of these practicum exercises is to develop skills in
the use of network-based management procedures. Accordingly, p:acticum
exercises were selected rather than exemplary problems which would require
extensive analysis. Each practicum exercise facilitates development of

network-based management skills using limited and simplified variables.

Exercise 1

The following activity-event relations were determined as necessary
in achieving an objective. Event A is the beginning event and event J
is the end event in a series of events requirel to achieve the objective.
Fach participant is expected to develop a network flow diagram from the
following delineated activity-eveni relations:

Event A, the begiuning event, is succeeded by activities A-B, A-C
and A-D

Activity B-D must be completed before event D can occur
Activity C-E succeeds activity A-C

ErlC 132,
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Activities D-F and E-F must be completed before event F can occur

Activity F-H succzeds event F but precedes Activity H-1

Activity F-1 succeeds event F

Activity E-G succeeds activity C-E but precedes activity G-J

Activity I-J succeeds event I.

Each participant is expected to develop a network flow aiagram
using the foregoing data. No dummy events and/or activities>are required

to complete the assignment.

Exercise 2

Using the formula:

te=2a+4m+b
6

1. Determine the expected elapsed time (te) for each activity
detailed in the network flow diagram developed in Exercise 1.
The following table of activities and most likely (m),

optimistic (a) and pessimistic (b) times are given.

Activity a m b te
A-B 2,0 2.5 4.0
A-C 0.2 1.0 1.5
A-D 0.5 1.5 2.5
B-D 1.0 1.8 2.5
C-E 1.2 2,0 3.5
D-F 0.5 1l.6 3.0
E-F 1.5 2.2 3,0
F-H 0.2 1.0 2,5
F-1 0.2 0.5 1.6
H-1 0.6 1.2 2.0
E-G 1.2 2.0 3,5
G-J 0.8 1.5 3.0
I-J 1.0 3.0 4.5

2. Detail calculated t, vaiues o. the network flow diagram developed

in Exercise 1.
ERIC 133
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Exercise 3

Using the activity t, values determined in Exercise 2, cal-
culate each event's earliest expected time (Tg) and latest allowable

time (T1). The Tg value for event A is 0.0.

Exercise 4

Using event Tg and Ty, time values determined in Exercise 3,
calculate event slack Lime using the equation:

Event Slack Time = T, - Tg

Exercite 5

Determine activity float time values usiny the te values cri-
culated in Exercise 2 and the Ty and Tg values determined .n Exercise
3. The following formula will be used:

f=TL-TE-te

Exercise 6

Determine the critical path(s) of the network. The critical

path is determined when event Tg time values are equal to Ty time

values. Thus, along the critical path there is zero event slack time

and zero activity float time.

Exercise 7

The manager has dictated that event J must occur before 10.0

weeks elapse, This requirement'emphasizes th2 need to manage

ERIC c-4
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available inputs (nc additional resources will be made available) to
reduce the objectiye's achievement time from 11.4 weeks to 10.0 weeks.
Assume that the work required t6 perform critical path (CP) activities
will be completed by one group and the non-critical path work required
will be completed by a separate but related group.

1. Determine whether the 10.0 week time requirerment is feasible.

2. If the requirement is feasible, develop a 1list of pro-
posed management activities,

3. Designate what trade-offs can be nade.
4. Specify the bases for determining trade-offs.
5. Explain implications and/or expected results of trade-offs.

6. Specify what evidence and steps were employed in reaching the
foregoing conclusions.
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