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At EVM World in New Orleans this year, we continue to celebrate the first 
half century of EVM as US Department of Defense policy. Although the 
underlying concepts go back many decades, DoD Instruction 7000.2, issued 
in December 1967, marked the first requirement to use EVM DoD-wide. In 
recognition of this milestone, I facilitated a series of articles in Defense AT&L 
Magazine. They began in the January-February 2017 bimonthly issue and 
will continue through July-August. My contribution is reprinted in this issue 
of the Measurable News.

Other contributors include authors from the National Reconnaissance Office, the National 
Defense Industrial Association’s Integrated Program Management Division, NASA, FAA, 
the Department of Energy, GAO, OMB and the Office of the Secretary of Defense. For the 
current articles, see https://www.dau.mil/library/defense-atl/p/Current-Issue - click on 

“Previous Issues” to read or download the entire series. Reprints are permitted without further 
authorization, provided that Defense AT&L Magazine and the author(s) are acknowledged. I 
encourage all CPM members to share this series in their organizations.

Is the past prologue? Or is EVM obsolete and fated to fade away as just another government 
policy? As I survey the breadth of the Defense AT&L Magazine articles, I’m convinced that 
EVM not only remains as relevant as at any time in the past 50 years, but that CPM is well-
positioned to influence its future direction. GAO considers it a best practice. OMB supports 
efforts by NDIA and government to scale implementation for smaller agencies and projects. 
The Project Management Institute is preparing to update its EVM Practice Standard, and 
the International Organization for Standardization is developing EVM and Work Breakdown 
Structure standards. CPM’s highly experienced members provide a wealth of experience to 
inform these initiatives and keep them aligned – not necessarily identical, but consistent.

The visionary leaders who developed EVM policy could not have foreseen the technological 
advances that permit this (formerly) high-end technique to be used for relatively small 
projects and contracts. Data gathering, storage, and reporting were once prodigious, 
expensive tasks. They have evolved into automated solutions that challenge existing 
management and analysis policies. Increasingly capable software tools make EVM accessible 
to smaller, less complex projects.

In order to define EVM’s next incarnation – Integrated Program Performance Management 
– CPM will depend on its membership base to support our many activities. New chapters, 
outreach to other organizations and universities – all demand time and energy from a 
dedicated governing board and member volunteers. In coming months watch for growth-
oriented initiatives including a membership campaign to kick-start EVM’s next half century.

MESSAGE FROM THE PRESIDENT
Wayne Abba
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LETTER FROM THE EDITOR(S)

This edition is dedicated to the 50th anniversary of what is commonly known today as 
Earned Value Management (EVM). The name may have changed a few times but the 
fundamentals remain the same. The approach to this edition could have taken several 
different paths. There are plenty of technical papers about the history and evolution of EVM. 
That would be straight forward, but has been done before. Much of that content can be found 
in the bibliography included in this issue.

Instead we were fortunate to have several contributors that have walked the walk of EVM 
from both the policy side and the user side from its earliest days.

Wayne Abba tells us about EVM from the government perspective drawing from his lengthy 
and diverse experience. Steve Garfein speaks about EVM from the contractor experience 
as an early adopter. John Driessnack shares the early guidance from his father, Whitey 
Driessnack, in the development and application of Earned Value (by another name) with the 
United States Air Force in the 1960’s.

There are many more papers available from countless sources. Our thought was to have 
these three diverse points of view anchor the history and, over the summer, start collecting 
these other sources into a library. We encourage all of you to reach out to us with YOUR 
experiences so that all of us may learn together from our combined perspectives to shape 
the future of Integrated Program Performance Management. This way the College of 
Performance Management, over time, can become the resource for all things EVM. John 
suggested we start an oral history project as well – in the same format as the Smithsonian 
does for their oral history project.

We hope you enjoy the retrospective this edition brings and are confident it will stimulate 
many future discussions.

Exhibitors / Sponsors

Gold Sponsors Silver Sponsors

S N A Software

Premier Sponsor Platinum Sponsors

The CPM Governing Board and members would like to thank all 
of the generous sponsors and exhibitors at EVM World 2017.
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The technique known generically as Earned Value Management (EVM) 
is 50 years old this year. Let that sink in for a moment. How many other 
management techniques remain not only relevant but essentially unchanged 
after a half-century? EVM originated in Department of Defense (DoD) 
policy as Cost/Schedule Control Systems Criteria (C/SCSC or CS2) in 1967 
and is at the core of the emerging concept known as Integrated Program 
Performance Management (IPPM).

EVM HISTORY

The EVM concept grew from a need to better manage increasingly complex defense 
programs, such as ballistic missiles, that were conceived in the 1960s. It overcame 
deficiencies in the Program Evaluation and Review Technique (PERT–PERT COST with the 
addition of a cost component). The genius of EVM, and a primary reason for its longevity, 
is its absence of prescriptive requirements. The EVM pioneers, including contractor and 
later Air Force executive A. Ernest “Ernie” Fitzgerald and Air Force Lt. Col. Hans “Whitey” 
Driessnack (who would retire as a lieutenant general) captured industry’s best management 
practices and issued them in defense policy not as requirements but as 35 mandatory 
criteria for industrial management systems. To this day, industry has not identified significant 
changes in those criteria.

The criteria specified, for example, that schedules must be integrated horizontally and 
vertically and that schedule accomplishment must be related to technical achievement—but 
the choice of scheduling systems was of course a contractor’s decision. This is an important 
point. Government contracts with industry because industry has superior knowledge of how 
to define, schedule and manage the work on any given contract. When government intrudes 
on those prerogatives, conflict ensues—often not to the government’s advantage.

The criteria were codified as DoD policy in 1967 and have stood the test of time. They remain 
virtually unchanged today as 32 guidelines and have been adopted by governments and 
industries around the world. But nothing lasts forever—and the time has come to revisit how 
we got here and to examine where we’re going.

The core principle of EVM was “integration”—of contractor cost, schedule and technical 
performance measurement. In the 1960s, each was governed by its own defense instruction 
or military standard. That has changed over the years. Especially noteworthy is the DoD’s 
changing philosophy of systems engineering, which in the 1960s was governed by Military 
Standard (MIL-STD) -499. Clinton-Gore acquisition reforms canceled the military standard 
and relegated systems engineering responsibility to defense contractors. Readers may recall 
the “total systems responsibility” philosophy, one of DoD’s more noteworthy, arguably failed 
experiments.

During this time, EVM (which, thanks to extraordinary government-industry cooperation, not 
only survived but prospered during the Clinton-Gore reform era) was alternately praised and 
criticized. It was praised for retaining a semblance of balance between cost, schedule and 
technical performance management and was criticized for doing so imperfectly. Contract 
performance may be likened to a stool supported by those three legs. Knock out any 
one leg—what happens? Changing the technical performance leg changed the dynamic 
significantly, and EVM was not designed to fill the gap. That it managed to do so—not 
perfectly, but to some degree—is a tribute to its Pentagon leaders.

 

THE EVOLUTION OF EARNED VALUE MANAGEMENT
By Wayne F. Abba

Part of an ongoing series 
of articles
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The late Gary Christle, then the author’s boss and the lead EVM executive in the Office of the 
Secretary of Defense, kept EVM from being scrapped during the Clinton-Gore acquisition 
reform era. By acknowledging that EVM’s implementation had not met expectations and 
making it a key element of acquisition reform, Christle turned (as one of his contemporaries 
said) “a negative into a positive.” Unfortunately, government policy too often depends on 
personalities. Christle’s successor did not build on the gains; in fact, he retreated from them, 
leading to a lost decade of management evolution.

The loss was profound. Christle had built extraordinary relationships with industry; such 
relationships are difficult to establish and are extremely fragile. The critical interface is at the 
operational level, represented today by the National Defense Industrial Association’s (NDIA) 
Integrated Program Management Division (IPMD) and the various government organizations 
that interface with IPMD.

IPPM
As described above, EVM was conceived as the integrating discipline for cost, schedule and 
technical performance measurement and management and the basis for objective status 
reporting. Sometimes it met that expectation well—as with the Navy’s F/A-18 E/F Super 
Hornet Program. But at other times it failed, as with the Navy’s A-12 Avenger II Program. 
Why? Simply put, the A-12 development contract’s performance objectives were not 
achievable within contractual cost and schedule requirements, leading to a termination for 
default (and perhaps there was an incentive for the contractor to propose aggressively, given 
the promise of a multibillion-dollar follow-on production program).

For whatever reason, the contractor and the customer did not rely on the A-12 development 
contract’s EVM reports. Ironically, there can be little doubt that, given an informed dialogue 
based on the reports, the termination for default and ensuing litigation could have been 
avoided. Instead, litigation dragged on through several trials over more than two decades—
an expensive, time consuming and ultimately unsatisfactory ordeal (the author testified as an 
expert witness in the fifth trial).

The F/A-18E/F was the Phoenix that arose from the ashes of the A-12. Embracing the 
lessons learned on the A-12 along with the new concepts of Integrated Product Teams (IPT), 
leadership in both government and industry delivered one of the most noteworthy successes 
in major systems development in many years.

The success of the Super Hornet program was not consistently repeated on subsequent 
programs. Why? This is where the “checkered history” of EVM comes into play. The 
Super Hornet success depended on a combination of teamwork and enlightened EVM 
implementation—a conscious effort to share information openly between supplier and 
customer, supported by an effective IPT structure.

Let’s pause to consider the role of program and project management in defense acquisition. 
In the author’s experience, spanning some five decades, answers to the question “Who 
owns program management data?” swing between extremes, with industry insisting that the 
customer has no right to internal data and government insisting that the customer has rights 
to any and all data. EVM sits in the middle—the technique that provides the data needed by 
both parties for their respective needs.

And there’s the rub. What is the need? As originally conceived, EVM was meant to provide 
timely, reliable management data reflecting performance on complex projects. In other words, 
a “good enough” snapshot of a moving train to inform management decisions. But as time 
passed, that objective increasingly was supplanted by a demand for more “accurate, timely” 
data—in its current form, the DoD’s EVM policy includes a clause that permits the customer 
to impose cash withholding penalties when “business rules” are violated. In short, EVM’s 
original purpose—a timely, reliable management information system—is compromised to the 
extent it is redefined as an audit-oriented oversight system with punitive consequences.

Industry expertise in using EVM to manage is invaluable in helping the DoD understand how 
to write contracts that hold contractors responsible and accountable with minimal oversight. 
Good contract requirements that match management and reporting with appropriate 
contract type and effective incentives should be addressed before the contract is written.
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Leadership changes in the Pentagon oversight organization, coupled with a collaborative 
spirit from the NDIA, promise to enhance pragmatism in the EVM process. Meanwhile, the 
College of Performance Management (CPM), a not-for-profit professional association that has 
a relationship with Defense Acquisition University, is leading an initiative to redefine EVM as 
the core discipline of IPPM. Nothing substantive has changed in EVM —what, then, is IPPM?

In short, IPPM capitalizes on the policy, philosophical and information technology gains of the 
past half- century to bring EVM to the next level. IPPM adds emphasis to address emerging 
priorities of Technical/Benefits Management (TBM) practices. The benefits realization focus 
of IPPM prioritizes measuring and managing for results that meet the business or mission 
needs. IPPM also adds emphasis in the area of Schedule/Resource Management (SRM) 
practices necessary to accommodate more dynamic approaches to schedule planning and 
control that have emerged and been proven throughout the EVM experience. Methods such 
as Manufacturing Resource Planning (MRP), MRPII, Enterprise Resource Planning (ERP) and 
Agile methodologies can and should fit into the framework of integrated program master 
schedules. IPPM addresses approaches to accommodate all facets of detailed planning and 
scheduling to maintain an integrated approach to program performance management.

Integrated program management, and IPPM in particular covers a broad range of 
management specialties. At present there is little in the way of formal education or 
professional credentials addressing the subject as an integrated set of disciplines. However, 
there are several recognized and emerging professional education and certification programs. 
The IPPM Enterprise Professional Certification is one new career development program 
emerging in the integrated program management field.

The IPPM-EP is the highest level of professional certification capping three levels of 
expertise – Foundational, Practitioner and Enterprise Professional. The pyramid illustration 
(Figure 1) gives a broad overview of the program and how practical experience and career 
accomplishment builds upon a knowledge base comprising the EVM, SRM, and TBM 
disciplines referred to above.
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The IPPM foundational level is open to anyone seeking to start a career involving integrated 
program management. The Foundation Certification is designed to show that those who hold 
the credential have been tested for and have demonstrated the general knowledge and basic 
concepts supporting the core principles of IPPM.

The intermediate (Practitioner) level builds on the foundation by requiring mastery of analytical 
principles and the abilities to apply basic principles to practical settings. Applicants for the 
IPPM Practitioner choose either program “business management” or a “technical management” 
certification path to match their situation. In all cases, gaining the IPPM-EP level will require 
mastering the integrated set of disciplines, practical experience and proven accomplishment.



THE PATH FORWARD
After 50 years, EVM is achieving the vision of its founders in becoming an industrial 
management technique informed by industry’s best management practices. It is evolving 
from its U.S. defense origins to a widely accepted practice, with new standards for EVM and 
Work Breakdown Structure (WBS) under development by the International Organization for 
Standardization (ISO). CPM has a seat at that table and will strive to ensure that the ultimate 
ISO standards are consistent with the essential principles embodied in DoD regulations and 
other standards.

This issue of Defense AT&L magazine includes an article on the cost vs. benefit of EVM 
practices. Following issues will include articles addressing respective government and 
industry views of EVM. There are many potential topics—some are perennial and others rise 
from management evolution. Among the former are the organization and implementation 
of EVM guidelines in contemporary management systems, the right levels of management 
data needed for supplier and customer needs, and the dollar threshold for mandatory 
implementation of EVM. Examples of the latter include the integration of EVM with Agile 
development, the scalable application of EVM, EVM as a business rule, and the role of the 
evolving ISO standards for EVM and WBS. Readers are invited to engage in the dialogue and 
contribute their experiences and suggestions to help define the future of defense cost and 
schedule contract performance management.

About the Author
Abba is proprietor of Abba Consulting in Falls Church, Virginia, and president of the College 
of Performance Management in Reston, Virginia. He formerly worked on acquisitions in the 
Office of the Secretary of Defense. The author can be contacted at abbaconsulting@cox.net
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ABSTRACT 

 
1. Today the Apache program 

is part of Boeing (Hughes 
Helicopters Company was 
acquired by McDonnell Douglas 
in 1984, McDonnell Douglas then 
merged with Boeing in 1997).

2. The “present project" refers to 
the Hughes D-2, a twin-boom, 
wood and resin fighter aircraft. 
Wright Field concluded it was 
not a suitable military aircraft. 
(Senate War Hearings, p. 24495)

In June 1973, the Army awarded Hughes Helicopters, and Bell Helicopter 
contracts to build prototype Advanced Attack Helicopters (AAH), to flight 
test them, and to turn them over to the United States Army for evaluation. 
Hughes easily won that fly off and was selected for full-scale development. 
The first flight of our AAH, the AH-64, occurred on 30 September 1975. 
Today the AH-64 is known worldwide as the Apache. The E-model it is 
now being produced, and according to current Army plans, the Apache 
will continue to be the backbone of Army Aviation’s attack capability in the 
inventory through 2060.1

Although from a DOD and Army perspective, Hughes Helicopters had produced an 
outstanding aircraft, the company’s management had an extremely poor management 
reputation that began with the sole stockholder, Howard Hughes. 

Beginning with the initial contract award in June 1973, we began to hear about a mysterious, 
at least to us, requirement variously referred to as C-spec, C/SCSC, and the Cost/Schedule 
Control System Criteria. Further, we learned that we would need to pass a “Tri-Service 
Validation,” whatever that was, of our management system. This was a “bet the company” 
challenge for us. Without a validated system, it would’ve been virtually impossible to win the 
competition since our competitor, Bell, had a reputation for solid management, proven during 
the Vietnam conflict, whereas the Hughes reputation was just the opposite.

This paper traces the painful transition of Hughes Helicopters during the 1970s from a 
technically excellent company, but with a history of poor management, to in organization 
that continued being technically excellent, and then went on to pioneer many of the project, 
program and portfolio management techniques that became best practices as recognized in 
EVMS and today’s PMI foundational standards. At the time we began our journey, there was 
very little project management literature and practically no research.

This paper is a case study in managing organizational change, shifting culture, and strategic 
portfolio management. It is based on my firsthand experience in being a member of the 
team that developed the Apache, and our DOD-validated cost schedule control system. My 
official title was Manager of Financial Planning and Control. In that capacity, I oversaw the 
company’s total portfolio that, in addition to the Apache Program, included Commercial 
Helicopter Division programs and Ordnance Division programs. 

From 1973 to 1979, I participated in the AH-64 weekly program reviews, chaired by the 
company president, Tom Stuelpnagel. This paper is largely based on my observations during 
those program reviews over that timeframe.

STORM CLOUDS OVER CULVER CITY
An Army Air Corps memo dated January 26, 1942 stated: “It is the opinion of this office that 
this plant is a hobby of the management and that the present project now being engineered 
is a waste of time and that the facilities, both in engineering personnel and equipment, are 
not being used to the full advantage in this emergency... The Air Corps should discontinue 
any further aircraft projects with this organization”. 2

The plant referred to in the Army Air Corps memo was Howard Hughes’ Hughes Aircraft 
Company (HAC). Somewhat surprisingly, Hughes Aircraft evolved into one of the leaders 
in aircraft launched missiles. In fact, during the Korean War, HAC was the only company 
capable of building an effective air to air missile. In 1953, Mr. Hughes’ technical brain trust, 
including Drs. Ramo and Wooldridge left because of Howard Hughes’ micromanagement. 

PERFORMANCE MANAGEMENT IN 1974 
IN HOWARD HUGHES' HOBBY SHOP
By Stephen J. Garfein

With special thanks to: Edward M. Browne, Major General, U. S. Army, Retired, Apache Program Manager; John Dendy, Manager of Design, 
Apache Program, Hughes Helicopters; and Richard Brodkorb, Founder, and President of Decision Planning Corporation
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3. Donald J. Porter, (2013) Howard’s 

Whirlybirds, page 12, [Hughes 
Helicopters was] “Dismissively 
referred to as the ‘hobby 
shop’ by some Culver City 
employees…”

4. Don Rogers officially transferred 
ownership of the photograph to 
me on to July 2002.

They went on to build TRW, a formidable aerospace company. As a result of the loss of Ramo 
and Wooldridge, Harold Talbot, the Secretary of the Air Force, required Mr. Hughes to place 
Hughes Aircraft Company at arm’s length, where he could not micromanage it. 

To solve this problem, Mr. Hughes created the not-for-profit Howard Hughes Medical Institute 
(HHMI) that continues to this day to sponsor of important medical research and public 
broadcast programs. But Mr. Hughes wanted to retain a “hobby shop,” and thus he created 
the Aircraft Division of Hughes Tool Company (HTC-AD), which was later renamed the 
Hughes Helicopters.3

As far as I know, shown below is the only color photograph of Howard Hughes. It was taken 
by the Avro Canada C102 test pilot, Don Rogers in 1952.
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Figure 1. The only known color photograph of Howard Hughes, taken beside the Avro Canada jetliner 
on the Hughes Aircraft Company landing strip in Culver City on April 9, 1952. (Don Rodgers) 4 

THE EMPIRE OF HOWARD HUGHES 
The Apache helicopter was in the midst of preproduction development in a company owned by Howard 
Hughes who was the sole stockholder when, on April 5, 1976, Mr. Hughes died without leaving a will.  

Howard Hughes died on April 5, 1976, at age 71. At that time, the Apache was in the middle of its Phase 2 
program, and Mr. Hughes left no last will and testament, at least that anyone could find. Who owned his 
empire, including his helicopter company, was an open question? 

 

SPRUCE GOOSE AND OH-6A INVESTIGATIONS 
The following table highlights the ongoing management-related difficulties on military projects between 
1941 and 1967.  Demonstrating to DOD that Hughes Helicopters in an effective management system was 
one of the major factors in winning the fly off against Bell Helicopter. 

                                                           
3 Donald J. Porter, (2013) Howard’s Whirlybirds, page 12, below [Hughes Helicopters was] “Dismissively 
referred to as the ‘hobby shop’ by some Culver City employees…” 
4 Don Rogers officially transferred ownership of the photograph to me on to July 2002. 

Figure 1. The only known color photograph of Howard Hughes, taken beside
the Avro Canada jetliner on the Hughes Aircraft Company landing

strip in Culver City on April 9, 1952. (Don Rodgers)4

THE EMPIRE OF HOWARD HUGHES
The Apache helicopter was in the midst of preproduction development in a company owned 
by Mr. Hughes, who was the sole stockholder when, on April 5, 1976, he died at age 71.

At that time, the Apache was in the middle of its Phase 2 program, and Mr. Hughes left no 
last will and testament, at least that anyone could find. Who owned his empire, including his 
helicopter company, was an open question.

Spruce Goose and OH-6A Investigations
The following table highlights the ongoing management-related difficulties on military projects 
between 1941 and 1967. Demonstrating to DOD that Hughes Helicopters had an effective 
management system was one of the major factors in winning the fly off against Bell Helicopter.
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REJECTION 
7-Nov-41 Howard Hughes D-2 aircraft rejected by the Army Air Corp. 

CANCELLATION 
27-Mar-44 Howard Hughes contract to build flying boats cancelled. 

CANCELLATION 
29-May-45 

Howard Hughes contract to build 101 XF-11 reconnaissance aircraft cancelled by 
Army Air Corp. 

CRASH 
7-Jul-46 

Howard Hughes critically injured in the crash of XF-11 in Beverly Hills, which is 
the beginning of his increasing dependency on pain-killing drugs. 

INVESTIGATION 
6-Aug-47 

Howard Hughes testifies before Senate War Investigating Committee probing his 
work as a defense contractor in the Second World War. 

SPRUCE GOOSE 
FLIGHT 

2-Nov-47 

Howard Hughes test-flies the "Spruce Goose" ( Hercules flying boat) at Long 
Beach. 

LOH CONTRACT 
26-May-65 

Howard Hughes is awarded a contract to build  1,370 OH-6A Light Observation 
Helicopters (LOH), in what would become the largest single business loss of his 
career, over $100 million. 

INVESTIGATION 
16-Jul-67 

Investigation by Congressman Porter Hardy into Hughes OH-6A "buy-in" at price 
of $19,860 per aircraft.  Army reopens (LOH) competition.   Bell Helicopter wins 
based price. 

 

Although at first reluctant to enter the helicopter business, Mr. Hughes decided to “buy-in” or, in other 
words, to “invest” to win the OH-6A contract. The firm fixed production price bid was $19,860 per 
airframe. Hughes lost, on average, more than $70,000 on each of the 1200 OH-6A helicopters delivered to 
the Army. Mr. Hughes even went as far as to write a personal letter to President Lyndon Johnson 
complaining that a “pricing error” was rapidly depleting his fortune.  

After completion of the Vietnam-era OH-6A helicopter contract, the company had no choice but to reduce 
its workforce from 5,000 to 1,500 employees. The downsized company, while still technically excellent, 
lacked management discipline – particularly in project, program, and what we now recognize as portfolio 
management.  

If the Hughes Helicopters Company was going to win the Apache competition against Bell Helicopter, it 
was going to have to prove to the U.S. Army that it was not only capable of producing an outstanding 
aircraft but was also capable of managing the continued development and ultimately the production of the 
Apache. What follows are a series of best practices that built confidence with the Army that the company 
was up to the management challenge. 

THE ROLE OF PERFORMANCE MANAGEMENT IN WINNING THE 
ADVANCED ATTACK HELICOPTER COMPETITION 
Five companies submitted proposals for the AAH. They were Bell, Boeing, Hughes, Lockheed, and 
Sikorsky. Out of the five bidders, two development contracts were awarded; one to Bell Helicopter and the 
other to the Hughes Helicopters Company. These Phase 1 contracts required the companies to build two 
prototype aircraft for a fly-off competition and also required both companies to implement a Department of 
Defense validated cost/schedule control system, the success of which is the primary subject of this paper.  

The Bell competitor, the YAH-63 (top) and Hughes, the YAH-64 (bottom). There could not have been 
more different approaches to the same requirement. The challenge for the Hughes Helicopters in the 
competition was not only to produce the best aircraft, which was accomplished by a wide margin but also 
to convince the customer, the U.S. Army, that Hughes was capable of effectively managing this highly 
complex program (despite the management failures of the OH-6A program). 

Although at first reluctant to enter the helicopter business, Mr. Hughes decided to “buy-in” or, 
in other words, to “invest” to win the OH-6A contract. The firm fixed production price bid was 
$19,860 per airframe. Hughes lost, on average, more than $70,000 on each of the 1200 OH-6A 
helicopters delivered to the Army. Mr. Hughes even went as far as to write a personal letter to 
President Lyndon Johnson complaining that a “pricing error” was rapidly depleting his fortune. 
After completion of the Vietnam-era OH-6A helicopter contract, the company had no choice 
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but to reduce its workforce from 5,000 to 1,500 employees. The downsized company, while 
still technically excellent, lacked management discipline – particularly in project, program, 
and what we now recognize as portfolio management. 

If the Hughes Helicopters Company was going to win the Apache competition against Bell 
Helicopter, it was going to have to prove to the U.S. Army that it was not only capable of 
producing an outstanding aircraft but was also capable of managing the continued development 
and ultimately the production of the Apache. What follows are a series of best practices that built 
confidence with the Army that the company was up to the management challenge.

THE ROLE OF PERFORMANCE MANAGEMENT IN WINNING THE 
ADVANCED ATTACK HELICOPTER COMPETITION
Five companies submitted proposals for the AAH. They were Bell, Boeing, Hughes, Lockheed, 
and Sikorsky. Out of the five bidders, two development contracts were awarded; one to 
Bell Helicopter and the other to the Hughes Helicopters Company. These Phase 1 contracts 
required the companies to build two prototype aircraft for a fly-off competition and also 
required both companies to implement a Department of Defense validated cost/schedule 
control system, the success of which is the primary subject of this paper. 

The Bell competitor, the YAH-63 (top) and Hughes, the YAH-64 (bottom). There could 
not have been more different approaches to the same requirement. The challenge for the 
Hughes Helicopters in the competition was not only to produce the best aircraft, which 
was accomplished by a wide margin but also to convince the customer, the U.S. Army, that 
Hughes was capable of effectively managing this highly complex program (despite the 
management failures of the OH-6A program).
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Figure 2. The Bell entry into the fly-off competition (top) versus the Hughes Helicopters entry 
(bottom). The designs could not have been more different.  

Hughes Helicopters Company went on to win the fly-off competition hands down, but that’s another story 
for another time. The aircraft first flew in September 1975. It went into production in 1982 and entered the 
Army inventory in 1986. The Apache is still in production today. Older Apaches are being upgraded, plus 
new airframes are being built. 

OBJECTIVE:  WIN PHASE 2 – (AND WE DID!) 
The Hughes Helicopters engineers produced three helicopters for the Army, the TH-55 for training army 
aviators, the OH-6A scout helicopter, and the AH-64 Advanced Attack Helicopter, the Apache. All three 
helicopters employed fully articulated rotor systems. The Apache’s four-bladed fully, articulated main rotor 
system was a clear competitive advantage in the fly off against two-bladed Bell AH-63.   

John Dendy was the Manager Of Design for the Hughes AH-64.  Shortly after we won one of the two 
initial development contracts, John produced the diagram shown below. The objective was to win Phase 2.  
That required both good hardware and good management. It is noteworthy that John considered both 
program cost and schedule high risk. He saw the solution as attentive management and the C/SC 
management system, coupled with visibility provided by design reviews and program reviews. As will be 
explained later, we had weekly reviews chaired by the president of the company. 

 

Figure 2. The Bell entry into the fly-off competition (top)
versus the Hughes Helicopters entry (bottom).

The designs could nothave been more different.

Hughes Helicopters Company went on to win the fly-off competition hands down, but 
that’s another story for another time. The aircraft first flew in September 1975. It went into 
production in 1982 and entered the Army inventory in 1986. The Apache is still in production 
today. Older Apaches are being upgraded, plus new airframes are being built.

OBJECTIVE: WIN PHASE 2 – (AND WE DID!)
The Hughes Helicopters engineers produced three helicopters for the Army, the TH-55 
for training army aviators, the OH-6A scout helicopter, and the AH-64 Advanced Attack 
Helicopter, the Apache. All three helicopters employed fully articulated rotor systems. The 
Apache’s four-bladed fully, articulated main rotor system was a clear competitive advantage 
in the fly off against two-bladed Bell AH-63. 

John Dendy was the Manager Of Design for the Hughes AH-64. Shortly after we won one 
of the two initial development contracts, John produced the diagram shown below. The 
objective was to win Phase 2. That required both good hardware and good management. It 
is noteworthy that John considered both program cost and schedule high risk. He saw the 
solution as attentive management and the C/SC management system, coupled with visibility 
provided by design reviews and program reviews. As will be explained later, we had weekly 
reviews chaired by the president of the company.
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Figure 3. Diagram produced by John Dendy manager of Hughes AH-64 design. John produced this 

diagram shortly after we won the initial development contract. It proved to be right on target. 

FLYING BLIND 
At the beginning (in the late 1960s and early 1970s) there was little literature on project and program 
management. Those of us in the development of major project and program management systems were 
mostly flying blind, inventing solutions as we went, hopefully learning quickly from our missteps through 
adaptive change.  

MANAGING CHANGE IN THE HUGHES HELICOPTERS ORGANIZATION 
Organizational change was arguably the single most important factor in convincing the customer, in this 
case, the United States Army, that Hughes Helicopters would be capable of successfully managing the 
highly complex Apache program. Howard Hughes died on April 5, 1976, at age 71. At that time, the 
Apache was in the middle of its Phase 2 program, and Mr. Hughes left no last will and testament, at least 
that anyone could find. Who owned his empire, including his helicopter company, was an open question?  

ADVANCED ATTACK HELICOPTER COMPETITION 
The table below documents the major events in the Hughes development of the AH-64, Apache, between 
1972 and 1976. 

AAH RFP 
15-Nov-72 Request For Proposals (RFP) for an Advanced Attack Helicopter (AAH) (1) 

AAH CONTRACTS 

22-Jun-73 
Hughes and Bell awarded contracts for two flyable prototypes 

C/SCS VALIDATION 

15-Nov-74 
Hughes receives a Tri-Service validation of its C/SC System 

PROJECT TEAM 
28-Jun-75 PROJECT TEAM, major subcontract management system implementation 

Figure 3. Diagram produced by John Dendy manager of Hughes AH-64 design.
John produced this diagram shortly after we won the initial

development contract. It proved to be right on target.

FLYING BLIND
At the beginning (in the late 1960s and early 1970s) there was little literature on project 
and program management. Those of us in the development of major project and program 
management systems were mostly flying blind, inventing solutions as we went, hopefully 
learning quickly from our missteps through adaptive change. 

MANAGING CHANGE IN THE HUGHES HELICOPTERS ORGANIZATION
Organizational change was arguably the single most important factor in convincing the 
customer, in this case, the United States Army, that Hughes Helicopters would be capable of 
successfully managing the highly complex Apache program. Howard Hughes died on April 
5, 1976, at age 71. At that time, the Apache was in the middle of its Phase 2 program, and Mr. 
Hughes left no last will and testament, at least that anyone could find. Who owned his empire, 
including his helicopter company, was an open question? 

ADVANCED ATTACK HELICOPTER COMPETITION
The table below documents the major events in the Hughes development of the AH-64, 
Apache, between 1972 and 1976.
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FIRST FLIGHT 
30-Sep-75 Hughes' Model YAH-64A prototype first flight 

HUGHES DEATH 
5-Apr-76 

Howard Hughes dies aboard aircraft flying from Acapulco to Houston, without 
leaving a last will and testament. 

AH-64 CONTRACT 
10-Dec-76 

Hughes Helicopters AH-64 selected as the winning AAH design and receives full-
scale development contract. 

 

DESIGN DEPARTMENT SUPERVISORS:  RESOURCE MANAGEMENT STATUS 
John Dendy, an already overloaded department manager, believed in earned value performance 
management, as evidenced by his innovative assessment of his supervisors as of December 1977.  From 
John’s perspective, the company’s C/SC management system was burdensome, costly and onerous. By 
itself, system implementation and a successful Tri-Service demonstration would have been challenging 
enough, however, the pain suffered by the frontline control account managers became even more 
oppressive when, immediately after we established a formal performance measurement baseline, DOD 
program funding was reduced, resulting in a significant distraction from the technical effort that was 
required to replan the program to a stretched schedule, and establish a new baseline. And that was not the 
end of it.  Some months later, DOD funding was restored. We were asked to shorten the schedule 
accordingly which required the development of another new baseline, our third in less than a year. It gets 
worse. Our direction was to finish the work in the open work packages, and then create a new control 
account for the remaining work. This required a doubling of control accounts from 1000 to 2000! We 
strongly objected but to no avail. John Dendy was correct: there had to be a better way.  However, in 
defense of DOD and the Army, we were all on a very steep learning curve during these early 
implementations. I’m sure this no longer happens. Right? 

 

Figure 4. An innovative way of assessing relative cost and schedule performance used by John Dendy, 
Apache AH-64 Design Manager. 

DESIGN DEPARTMENT SUPERVISORS: RESOURCE MANAGEMENT STATUS
John Dendy, an already overloaded department manager, believed in earned value 
performance management, as evidenced by his innovative assessment of his supervisors as 
of December 1977. From John’s perspective, the company’s C/SC management system was 
burdensome, costly and onerous. By itself, system implementation and a successful Tri-
Service demonstration would have been challenging enough, however, the pain suffered by 
the frontline control account managers became even more oppressive when, immediately 
after we established a formal performance measurement baseline, DOD program funding 
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was reduced, resulting in a significant distraction from the technical effort that was required 
to replan the program to a stretched schedule, and establish a new baseline. And that was 
not the end of it. Some months later, DOD funding was restored. We were asked to shorten 
the schedule accordingly which required the development of another new baseline, our 
third in less than a year. It gets worse. Our direction was to finish the work in the open work 
packages, and then create a new control account for the remaining work. This required a 
doubling of control accounts from 1000 to 2000! We strongly objected but to no avail. John 
Dendy was correct: there had to be a better way. However, in defense of DOD and the Army, 
we were all on a very steep learning curve during these early implementations. I’m sure this 
no longer happens. Right?
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Figure 4. An innovative way of assessing relative cost and schedule
performance used by John Dendy, Apache AH-64 Design Manager.

EARNED VALUE MANAGEMENT
The discipline of project and program management was in its infancy. In 1972 the most 
comprehensive guidance available was the Cost/Schedule Control System Criteria (C/SCSC) 
published by the Department of Defense. It consisted of 131 criteria that major programs had 
to meet to have their management systems validated. A validated management system was a 
prerequisite to receiving future government contracts.

We published a Performance Measurement System Checklist in 1976 and distributed to all 
Apache program personnel. A comprehensive training program was established to assure control 
account managers and senior company leadership were able to successfully demonstrate the 
system to our customer, the Army, and the representatives of the other services.
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Figure 5. Shirt-pocket size booklet provided to all 

control account managers and senior company 
leadership on the Apache program. 

PROGRAM MANAGER AND BUSINESS CHANGE MANAGER  
My job was to lead the team that built the systems two satisfy the Army’s management requirements which 
were, as previously stated, based on a Cost/Schedule Control System Criteria Published in a DoD 
instruction. Bringing the management capabilities up to the C/SCSC criteria was a culture shock for the 
Hughes organization. The majority of my time was devoted to a role best describe as the business change 
manager. Changing the culture in Howard Hughes’ hobby shop was a huge undertaking and required 
several years. Based on my recent research on business change managers there are three work preferences 
that proved most helpful in identifying business change managers. They are: 1) Results Orientation, 2) 
Exploration of Ideas, and 3) Flexibility of Approach. Further description of these characteristics is beyond 
the scope of this paper (see references at the end for further information). 

THERE WAS NO OPTION BUT TO CHANGE 
To quote Yoda of Star Wars fame “Do. Or do not. There is no try.” The massive effort to implement an 
earned value management system based on the DOD cost/schedule control system criteria took two years. 
The company had been “trying” to implement a system for a year and continued to fail implementation 
reviews each time the Army team visited the plant.  The primary reason for failure was that the AH-64 
Program Office was chartered with developing the management system, and they were already 
overwhelmed with the design effort. Responsibility for developing, implementing, and running the earned 
value/performance measurement system was transferred to the Finance Division. There we created what 
today would be called an Enterprise Portfolio Management Office (EPMO), as shown in the diagram 
below. 

. 

Figure 5. Shirt-pocket size booklet provided to all control account managers
and senior company leadership on the Apache program. 

PROGRAM MANAGER AND BUSINESS CHANGE MANAGER 
My job was to lead the team that built the systems two satisfy the Army’s management 
requirements which were, as previously stated, based on a Cost/Schedule Control System 
Criteria Published in a DoD instruction. Bringing the management capabilities up to the C/SCSC 
criteria was a culture shock for the Hughes organization. The majority of my time was devoted 
to a role best describe as the business change manager. Changing the culture in Howard 
Hughes’ hobby shop was a huge undertaking and required several years. Based on my recent 
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research on business change managers there are three work preferences that proved most 
helpful in identifying business change managers. They are: 1) Results Orientation, 2) Exploration 
of Ideas, and 3) Flexibility of Approach. Further description of these characteristics is beyond 
the scope of this paper (see references at the end for further information).

THERE WAS NO OPTION BUT TO CHANGE
To quote Yoda of Star Wars fame “Do. Or do not. There is no try.” The massive effort to implement 
an earned value management system based on the DOD cost/schedule control system criteria 
took two years. The company had been “trying” to implement a system for a year and continued 
to fail implementation reviews each time the Army team visited the plant. The primary reason 
for failure was that the AH-64 Program Office was chartered with developing the management 
system, and they were already overwhelmed with the design effort. Responsibility for developing, 
implementing, and running the earned value/performance measurement system was transferred 
to the Finance Division. There we created what today would be called an Enterprise Portfolio 
Management Office (EPMO), as shown in the diagram below.
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Figure 6. The entire enterprise was viewed as an aggregation of projects and programs. The EPMO 
prepared a comprehensive monthly report for the C-level executive team that included all of the 

elements shown above.  

As will be shown later, separate weekly reporting on the Apache program was prepared by the EPMO that 
was independent of the Apache program office. 

MARKETING AND SELLING THE CULTURAL SHIFT 
Implementation of an earned value performance management capability proved to be a seismic change for 
the hobby shop culture. The detailed planning and subsequent measurement of results required significant 
additional work on the part of the control account managers, who were already overwhelmed with the 
technical challenge of creating the AH-64, from what was in effect a new centerline that is a brand-new 
design starting from scratch. 

Implementation of the earned value, performance management system was considered by most of the 
Hughes engineers as a major distraction. They asked, why was it so important that they strongly and 
wholeheartedly do what was necessary to support the system? The answer we gave was simple: No matter 
how outstanding your design, there was no way Hughes could win the Phase 2 and the subsequent 
production contract without a validated management system. It was that simple. Once that reality was 
widely communicated, we had their attention. They passed both a Tri-Service Demonstration Review in 
1974 and a Subsequent Application Review in 1976. 

  
Figure 7. Examples of the branding and educational materials developed to help sell the cultural shift 

required as a prerequisite to being awarded a Phase 2 contract. 

THE HALF-HOUR MEETING LASTED FIVE HOURS 
No person is a prophet in their own land. Don’t hesitate to bring in the experts to tell your management 
what they don’t want to hear from you.  

Figure 6. The entire enterprise was viewed as an aggregation
of projects and programs. The EPMO prepared a comprehensive monthly

report for the C-level executive team that included all of the elements shown above. 

As will be shown later, separate weekly reporting on the Apache program was prepared by 
the EPMO that was independent of the Apache program office.

MARKETING AND SELLING THE CULTURAL SHIFT
Implementation of an earned value performance management capability proved to be a seismic 
change for the hobby shop culture. The detailed planning and subsequent measurement of 
results required significant additional work on the part of the control account managers, who 
were already overwhelmed with the technical challenge of creating the AH-64, from what was 
in effect a new centerline that is a brand-new design starting from scratch.

Implementation of the earned value, performance management system was considered by 
most of the Hughes engineers as a major distraction. They asked, why was it so important 
that they strongly and wholeheartedly do what was necessary to support the system? The 
answer we gave was simple: No matter how outstanding your design, there was no way 
Hughes could win the Phase 2 and the subsequent production contract without a validated 
management system. It was that simple. Once that reality was widely communicated, we 
had their attention. They passed both a Tri-Service Demonstration Review in 1974 and a 
Subsequent Application Review in 1976.
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THE HALF-HOUR MEETING LASTED FIVE HOURS
No person is a prophet in their own land. Don’t hesitate to bring in the experts to tell your 
management what they don’t want to hear from you. 

All that the senior management at Hughes knew was that the Apache program was having 
recurring difficulty in demonstrating a system they would use to manage in accordance with 
the DOD criteria. To make things worse, the executive leadership team was receiving input 
from the engineering organization about how onerous the planning and control process was 
going to be – an artifact of the Hobby Shop culture.

At the time, there were very few consulting organizations that were capable of providing 
advice on earned value management systems. A particular firm was identified by the Army 
as possibly being able to help us; although the Army emphasized it was not their job to 
recommend. As a result, I retained Decision Planning Corporation (DPC), and specifically 
Richard Brodkorb to assess the state of Hughes Helicopter readiness. DPC produced a 
comprehensive report.

The meeting for DPC to brief the Helicopter Company executive leadership team began at 3 
p.m. on a Thursday. Tom Stuelpnagel, the president of the company, had allocated one half-
hour for the briefing. The half-hour came and went, and the meeting continued until 5 PM and 
then was scheduled to reconvene the next morning at 8 AM. In the end, the half hour briefing 
lasted five hours, with the president of the company aggressively firing questions at the DPC 
team, led by its founder and president, Richard Brodkorb. The DPC team did an outstanding 
job of calmly and rationally, and with great credibility, answering each of the questions. 

By the end of the five hours, the company president understood and became a staunch 
supporter of earned value management. Without his support, it is quite doubtful the shift of 
company culture would have been possible, and therefore it is highly unlikely that Hughes 
Helicopters would have been awarded the Apache Phase 2 and subsequent production 
contracts. In summary, that meeting resulted in the C/SC management system having the 
strongest possible support from the company president. 

Lesson learned: As an insider, it is highly unlikely that I could have convinced our senior 
management of the urgent requirement to successfully pass a Tri-Service validation review of 
our management practices (sometimes it is the case that no person can be a prophet in their 
own land). Because Brodkorb had conducted nearly a dozen system demonstration reviews 
before leaving the Air Force, he had the experience and the courage to speak truth to power. 
And it worked! 

Upon further reflection, Richard Brodkorb offered the following insights:

"In my 50 years of experience in helping contractors and clients adopt and use 
performance management systems, time and time again, it has been obvious 
that senior management support is essential to succeed. Why? Because in an 
overwhelming number of cases of successfully adopting and using performance 
management systems, the organization must endure a culture change. Culture 
and its changes are the domain of senior management, not the workers, not mid-
management, and not technology.

Senior managers were very skeptical of the requirements and generally fought it 
vigorously. They perceived it as robbing them of their managerial prerogatives and 
threatened their culture. It was deep-seated and lasted for well over two decades 
among many in the industry.

A significant milestone in making the shift in attitudes occurred when the DOD 
migrated CSCSC to EVMS, from a government specification to an industry best 
practice as an ANSI standard; a standard owned by industry, not the government.”

– Richard Brodkorb, 23 April 2017.
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Figure 8. Cover page of a lengthy presentation by Decision Planning Corporation to the Hughes 
executive leadership team, detailing shortcomings and remedial actions required to successfully 

demonstrate an earned value performance management system to the customer, the Army.   

CONTINUITY OF LEADERSHIP 
In addition to having an outstanding design, and successfully demonstrating that Hughes had a viable 
earned value performance measurement system, there was a third factor, and that was the leadership of Col. 
Ed Browne, who was first assigned to Hughes as the OH-6A program manager in 1968. After Hughes had 
lost the OH-6A follow-on contract, Browne became the program manager for its replacement, the Bell OH-
58. And after that, the Army once again assigned Col. Brown to Hughes as the Apache Program Manager, a 
position in which he served for six years, from 1976 – 1982.  

His success in that position was recognized by the Army when they promoted him first to Brigadier and 
then to Major General. General Browne successfully shepherded the Apache through Congress year after 
year through a gauntlet of congressional staffers and other development programs vying for funding.  

It was the continuity of the six-year-long assignment with General Browne as the Army Apache program 
manager that provided the credibility to keep the program sold to Congress. And it was his leadership that 
led to the solution of a major technical issue, known as the T-tail versus a stabilator design decision that, 
had it not been solved, would most likely have led to the cancellation of the Apache program at Hughes 
Helicopters.  It was this T-tail shortcoming first identified by the Army during flight test that precipitated a 
change in leadership to Tom Stuelpnagel to Jack Real. 
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Hughes Helicopters, with Senator 

Barry Goldwater (Jack Real 
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3-D MODEL OF FUNDS REMAINING BY WBS AND OBS 
Using 1970s chart tape and Styrofoam, we constructed a 3-D model of the funds remaining by work 
breakdown structure element and organization. The model was placed in the middle of the board room 
table, where the Hughes executive team could view it from different perspectives. I think this may have 
been the first time were a number of the executives really understood the relationship between the 
organization and the work breakdown structure, and the funding available to complete the remaining work. 

Figure 8. Cover page of a lengthy presentation by Decision Planning Corporation to the Hughes 
executive leadership team, detailing shortcomings and remedial actions required to successfully 

demonstrate an earned value performance management system to the customer, the Army.
  
CONTINUITY OF LEADERSHIP
In addition to having an outstanding design, and successfully demonstrating that Hughes 
had a viable earned value performance measurement system, there was a third factor, and 
that was the leadership of Col. Ed Browne, who was first assigned to Hughes as the OH-6A 
program manager in 1968. After Hughes had lost the OH-6A follow-on contract, Browne 
became the program manager for its replacement, the Bell OH-58. And after that, the Army 
once again assigned Col. Brown to Hughes as the Apache Program Manager, a position in 
which he served for six years, from 1976 – 1982. 

His success in that position was recognized by the Army when they promoted him first to 
Brigadier and then to Major General. General Browne successfully shepherded the Apache 
through Congress year after year through a gauntlet of congressional staffers and other 
development programs vying for funding. 

It was the continuity of the six-year-long assignment with General Browne as the Army 
Apache program manager that provided the credibility to keep the program sold to Congress. 
And it was his leadership that led to the solution of a major technical issue, known as the 
T-tail versus a stabilator design decision that, had it not been solved, would most likely 
have led to the cancellation of the Apache program at Hughes Helicopters. It was this T-tail 
shortcoming first identified by the Army during flight test that precipitated a change in 
leadership from Tom Stuelpnagel to Jack Real.

Page 10 of 21 

 
Figure 8. Cover page of a lengthy presentation by Decision Planning Corporation to the Hughes 
executive leadership team, detailing shortcomings and remedial actions required to successfully 

demonstrate an earned value performance management system to the customer, the Army.   

CONTINUITY OF LEADERSHIP 
In addition to having an outstanding design, and successfully demonstrating that Hughes had a viable 
earned value performance measurement system, there was a third factor, and that was the leadership of Col. 
Ed Browne, who was first assigned to Hughes as the OH-6A program manager in 1968. After Hughes had 
lost the OH-6A follow-on contract, Browne became the program manager for its replacement, the Bell OH-
58. And after that, the Army once again assigned Col. Brown to Hughes as the Apache Program Manager, a 
position in which he served for six years, from 1976 – 1982.  

His success in that position was recognized by the Army when they promoted him first to Brigadier and 
then to Major General. General Browne successfully shepherded the Apache through Congress year after 
year through a gauntlet of congressional staffers and other development programs vying for funding.  

It was the continuity of the six-year-long assignment with General Browne as the Army Apache program 
manager that provided the credibility to keep the program sold to Congress. And it was his leadership that 
led to the solution of a major technical issue, known as the T-tail versus a stabilator design decision that, 
had it not been solved, would most likely have led to the cancellation of the Apache program at Hughes 
Helicopters.  It was this T-tail shortcoming first identified by the Army during flight test that precipitated a 
change in leadership to Tom Stuelpnagel to Jack Real. 

   
Thomas R Stuelpnagel, President, 

Hughes Helicopters, with VP 
Marketing Carl D. Perry (Jack 

Real Collection) 

Major General Edward M. 
Browne, Program Manager 
for the YO-3A, the OH-6A, 

the OH-58A, and the Apache 
AH-64A (U.S. Army) 

From the left, Jack Real, President, 
Hughes Helicopters, with Senator 

Barry Goldwater (Jack Real 
Collection) 

3-D MODEL OF FUNDS REMAINING BY WBS AND OBS 
Using 1970s chart tape and Styrofoam, we constructed a 3-D model of the funds remaining by work 
breakdown structure element and organization. The model was placed in the middle of the board room 
table, where the Hughes executive team could view it from different perspectives. I think this may have 
been the first time were a number of the executives really understood the relationship between the 
organization and the work breakdown structure, and the funding available to complete the remaining work. 

Thomas R Stuelpnagel, 
President, Hughes 

Helicopters, with VP 
Marketing Carl D. Perry 
(Jack Real Collection)

Major General Edward M. 
Browne, Program Manager 

for the YO-3A, the OH-
6A, the OH-58A, and the 

Apache AH-64A (U.S. Army)

From the left, Jack 
Real, President, Hughes 

Helicopters, with Senator 
Barry Goldwater (Jack Real 

Collection)

3-D MODEL OF FUNDS REMAINING BY WBS AND OBS
Using 1970s chart tape and Styrofoam, we constructed a 3-D model of the funds remaining 
by work breakdown structure element and organization. The model was placed in the middle 
of the board room table, where the Hughes executive team could view it from different 
perspectives. I think this may have been the first time were a number of the executives really 
understood the relationship between the organization and the work breakdown structure, 
and the funding available to complete the remaining work.
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Figure 9. A physical 3-D model useful in an executive briefing on funds available to complete the 

remaining work, and the relationship between the performing organizations and where their work was 
located in the WBS. 

DEVELOPMENT OF A STAKEHOLDER MAP 
The front-line engineers were not only the focal point for the Apache design integration and test but were 
also responsible for performance measurement of how those elements were proceeding in accordance with 
the master schedule and baseline budget. 

These engineers were responsible for production unit cost, development cost, development schedule, 
aircraft performance, maintainability, reliability, and aircraft weight – and if there was time, to also have a 
life outside of work, which was a significant challenge given the fast pace of the Apache program, as 
shown below.  

It was within this demanding environment that the engineer was also asked to master an earned value 
performance measurement system. No small challenge. 

 

Figure 10. A high-level stakeholder map proved useful in focusing on the front-line engineers 
who were responsible for his or her element of the WBS and its related performance.   

(Photo Courtesy of U.S. Army)  

 

TURNING A CRISIS INTO AN OPPORTUNITY 
Howard Hughes died in 1976 without leaving a will – at least one that anyone could find. This presented a 
significant challenge for General Browne, who quite naturally wanted to know who now owned the 
company the Army had just selected to build its new Advanced Attack Helicopter. Fortunately, the probate 
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DEVELOPMENT OF A STAKEHOLDER MAP
The front-line engineers were not only the focal point for the Apache design integration and 
test but were also responsible for performance measurement of how those elements were 
proceeding in accordance with the master schedule and baseline budget.

These engineers were responsible for production unit cost, development cost, development 
schedule, aircraft performance, maintainability, reliability, and aircraft weight – and if there 
was time, to also have a life outside of work, which was a significant challenge given the fast 
pace of the Apache program, as shown below. 

It was within this demanding environment that the engineer was also asked to master an 
earned value performance measurement system. No small challenge.
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TURNING A CRISIS INTO AN OPPORTUNITY
Howard Hughes died in 1976 without leaving a will – at least one that anyone could find. This 
presented a significant challenge for General Browne, who quite naturally wanted to know 
who now owned the company the Army had just selected to build its new Advanced Attack 
Helicopter. Fortunately, the probate judge appointed William R Lummis as executor of the 
estate. Mr. Lummis was a partner in the Houston-based firm where Secretary of State James 
Baker had also been a partner.
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judge appointed William R Lummis as executor of the estate. Mr. Lummis was a partner in the Houston-
based firm where Secretary of State James Baker had also been a partner. 

 
Figure 11.  Jack Real and William (Will) R. Lummis 

Without hesitation Mr. Lummis committed the resources of Summa Corporation, Howard Hughes’ holding 
company, to support the Apache program. General Browne and Mr. Lummis went on to form a strong 
working partnership; a partnership that successfully solved the T-tail issue that, as previously mentioned, 
could have led to the cancellation of the Apache. This was not just a remote possibility. The Army has in 
fact canceled three helicopter development programs, the Cheyenne (cancelled in 1972), the Comanche 
(cancelled in 2004), and the Arapaho (cancelled in 2008).  

MANAGING MAJOR SUBCONTRACTORS IN REAL TIME VERSUS SOMETIME  
Hughes Helicopters provided the overall innovative design and system integration for the Apache; 
however, it did not build even the basic airframe. The illustration below shows the major subcontractors 
who contributed their subsystems to the fly-off-winning design. 

During Phase 1, while the initial prototype aircraft were being prepared for first flight, it was learned that a 
critical supplier was reporting that their deliveries were on schedule, when in fact, this was far from 
accurate. They were working on the deliveries for the Sikorsky Blackhawk helicopter prototypes. 

  

Figure 12. The major subcontractors Apache program were all reporting their status online in 1975 to 
our EPMO, eight years prior to when the Internet first became available in 1983. 

This threat to the viability of the Phase 1 program gave the company an opportunity to create an innovative 
subcontract management system that helped convince the Army and General Browne that Hughes 
Helicopters would, in fact, be able to manage its major subcontractors effectively. 

EARLY WARNING OF POTENTIAL SUBCONTRACT CHANGES 
The Hughes Helicopters subcontract management system, named “Project TEAM,” had three relatively 
simple modules: 1) Schedule, 2) Earned Value, and 3) a Change Summary Report, shown below. 

Historically obtaining early warning of potential subcontract design changes has been challenging. Before 
there was the Internet, we were able to connect all major subcontractors to a timesharing network using 
300-baud, acoustic-coupled, portable terminals. 

Figure 11. Jack Real and William (Will) R. Lummis

Without hesitation Mr. Lummis committed the resources of Summa Corporation, Howard 
Hughes’ holding company, to support the Apache program. General Browne and Mr. Lummis 
went on to form a strong working partnership; a partnership that successfully solved the 
T-tail issue that, as previously mentioned, could have led to the cancellation of the Apache. 
This was not just a remote possibility. The Army has in fact canceled three helicopter 
development programs, the Cheyenne (cancelled in 1972), the Comanche (cancelled in 2004), 
and the Arapaho (cancelled in 2008). 

MANAGING MAJOR SUBCONTRACTORS IN REAL TIME VERSUS SOMETIME 
Hughes Helicopters provided the overall innovative design and system integration for the 
Apache; however, it did not build even the basic airframe. The illustration below shows the 
major subcontractors who contributed their subsystems to the fly-off-winning design.

During Phase 1, while the initial prototype aircraft were being prepared for first flight, it was 
learned that a critical supplier was reporting that their deliveries were on schedule, when 
in fact, this was far from accurate. They were working on the deliveries for the Sikorsky 
Blackhawk helicopter prototypes.
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Figure 12. The major subcontractors Apache program were all reporting their
status online in 1975 to our EPMO, eight years prior to when the Internet first became available in 1983.

This threat to the viability of the Phase 1 program gave the company an opportunity to create an 
innovative subcontract management system that helped convince the Army and General Browne 
that Hughes Helicopters would, in fact, be able to manage its major subcontractors effectively.

EARLY WARNING OF POTENTIAL SUBCONTRACT CHANGES
The Hughes Helicopters subcontract management system, named “Project TEAM,” had three 
relatively simple modules: 1) Schedule, 2) Earned Value, and 3) a Change Summary Report, 
shown below.

Historically obtaining early warning of potential subcontract design changes has been 
challenging. Before there was the Internet, we were able to connect all major subcontractors 
to a timesharing network using 300-baud, acoustic-coupled, portable terminals.

Because maintaining their individual subcontract change logs could result in additional 
funding for them, the major subcontractors were highly incentivized to provide the Hughes 
AH-64 contract managers and design engineers with timely notification of potential changes.
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Figure 13. Subcontractor Change Summary Report. One of the most valuable reports in the entire 
performance management system. 

Is worthwhile to go into some detail on the structure of this report. The second column shows the 
negotiated value of the initial subcontract. After that status codes, 1 through 6 indicated the degree to which 
the changes were definitized. The last two columns indicated what portion of the total changes to the 
baseline contract were included in the existing budget. 

COST, SCHEDULE, AND TECHNICAL PERFORMANCE FORECASTS – NO SURPRISES! 
Displayed on the left below, is an example of an independent analysis prepared for the president of the 
company and the Apache Program Manager. In this case, the prediction was for a doubling of the AH-64 
Program Office estimate at completion with an accompanying schedule delay – a doubling which proved 
correct. 

Shown on the right an example of the independent assessment we distributed weekly.  Only four copies 
were made and distributed to the Company President, Vice President Of Finance, AH-64 Program 
Manager, and to my office. Each week the new pages were bound on top of all prior analysis to provide 
history a lot was forecast and when. 
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Is worthwhile to go into some detail on the structure of this report. The second column shows 
the negotiated value of the initial subcontract. After that status codes, 1 through 6 indicated the 
degree to which the changes were definitized. The last two columns indicated what portion of 
the total changes to the baseline contract were included in the existing budget.

COST, SCHEDULE, AND TECHNICAL PERFORMANCE FORECASTS –
NO SURPRISES!
Displayed on the left below, is an example of an independent analysis prepared for the 
president of the company and the Apache Program Manager. In this case, the prediction was 
for a doubling of the AH-64 Program Office estimate at completion with an accompanying 
schedule delay – a doubling which proved correct.



23The Measurable News    2017.02    |    mycpm.org

Shown on the right an example of the independent assessment we distributed weekly. Only 
four copies were made and distributed to the Company President, Vice President of Finance, 
AH-64 Program Manager, and to my office. Each week the new pages were bound on top of 
all prior analysis to provide history of what was forecast and when.
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Figure 14. An independent 
analysis, prepared by my 

organization of an estimate at 
completion that was at a 

significant variance to the 
program offices estimate. 

 

 

Figure 15. We produced a weekly cost, schedule and 
technical assessment of the health of the program. 

 

WEEKLY COMPANY-LEVEL PROGRAM MEETING 
From a management perspective, one all the more important techniques that in my opinion contributed to 
two winning the competition with Bell was Bell held monthly program reviews their senior management.  
Hughes held weekly meetings, with agendas developed jointly by the Company President, Tom Stuelpnagel 
and the AH-64 Program Manager, John Kerr.  This technique tended to surface potential problems much 
earlier, while there was still time to make adjustments. Cost and schedule performance were an integral part 
of these weekly meetings. 

  
Figure 16. Typical agenda from the weekly program review, chaired by Tom Stuelpnagel, President 

Hughes Helicopters.   
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WEEKLY COMPANY-LEVEL PROGRAM MEETING
From a management perspective, one all the more important techniques that in my opinion 
contributed to winning the competition with Bell was Bell held monthly program reviews with 
their senior management. Hughes held weekly meetings, with agendas developed jointly by 
the Company President, Tom Stuelpnagel and the AH-64 Program Manager, John Kerr. This 
technique tended to surface potential problems much earlier, while there was still time to make 
adjustments. Cost and schedule performance were an integral part of these weekly meetings.
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Hughes held weekly meetings, with agendas developed jointly by the Company President, Tom Stuelpnagel 
and the AH-64 Program Manager, John Kerr.  This technique tended to surface potential problems much 
earlier, while there was still time to make adjustments. Cost and schedule performance were an integral part 
of these weekly meetings. 

  
Figure 16. Typical agenda from the weekly program review, chaired by Tom Stuelpnagel, President 

Hughes Helicopters.   

 

Figure 16. Typical agenda from the weekly program review,
chaired by Tom Stuelpnagel, President Hughes Helicopters. 

ESTIMATES TO COMPLETE CAN BE DANGEROUS
We had a high level of confidence in the accuracy of the earned value estimates provided 
by the more than 200 control account managers on the Apache program. Accordingly, it 
was relatively straight forward to calculate both an estimate to complete and an estimate at 
completion (ETC and EAC). 

The alternative was to ask the individual control account managers to provide a new ETC and 
EAC. The difficulty with this approach was that the resulting estimate, at least in the mind of 
each manager, becomes a new budget. The thinking is likely to be “we gave management a 
new ETC and EAC, now it is their problem,” when in fact the control account manager has 
not been given budget relief. Therefore, be careful about when and at what level you conduct 
estimates to complete. 
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TRAIN AND VERIFY
Moving a hobby shop culture to a future state where accurate performance measurement is 
sustainably embedded in the organization is an incredibly difficult challenge. From time to 
time, my organization brought in outside assistance to conduct training programs and mock 
demonstration reviews that simulated the type of questions that might be asked by the 
Tri-Service team that would ultimately assess whether Hughes had a management system 
that met the C/SCSC criteria. See below for two examples from the Subsequent Application 
Review of our management system in 1976.
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Figure 22. Examples of materials developed for training and assessment.  

On the left, note the branding at the top of the pages: Hughes Helicopters C/SC. A small thing, but the 
canary yellow paper was used to easily identify important documentation related to successfully completing 
our Subsequent Application Review (SAR). On the right, is a cover page of an eight-page interview 
document used to help prepare the control account managers for the SAR.  

MAJOR SUBCONTRACTOR METRICS 
It was recognized from the beginning since all major components were subcontracted, the performance of 
those subcontracts was a potentially high risk. As a result and as described earlier, the Project TEAM 
systems was developed and all major subcontractors were required to report weekly progress (monthly 
reports are useless in terms of implementing timely corrective action). 
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On the left, note the branding at the top of the pages: Hughes Helicopters C/SC. A small 
thing, but the canary yellow paper was used to easily identify important documentation 
related to successfully completing our Subsequent Application Review (SAR). On the right, is 
a cover page of an eight-page interview document used to help prepare the control account 
managers for the SAR. 

MAJOR SUBCONTRACTOR METRICS
It was recognized from the beginning since all major components were subcontracted, the 
performance of those subcontracts was a potentially high risk. As a result and as described 
earlier, the Project TEAM systems was developed and all major subcontractors were required 
to report weekly progress (monthly reports are useless in terms of implementing timely 
corrective action).

As can be seen from the bar chart in the following Figure, over half of the major 
subcontractor were reporting at an acceptable level of 3.5 or above. However, five scored 
unacceptably low. This was easily corrected as will be described in the next section.
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Figure 17. Major subcontractors were assessed on the timelyness and accuracy of their status reporting 

during the development program. 

SENIOR LEADERSHIP MEETINGS OF TEAM MEMBERS 
High level two-day meetings, company president 
to company president and program manager to 
program manager were held periodically between 
Hughes, the Army, and all major subcontractors. 
These senior leadership meetings were the glue 
that bound together the close working 
relationships that were the rule throughout the 
Apache development program. 

At one of these get-togethers, the president of 
Hughes projected the bar chart (see prior Figure) 
on the screen. He explained that five of the 
subcontractors were not holding up their end of 
the reporting agreement. The president of each 
major subcontracting organization was then given 
their report card in a sealed envelope with notice 
that at the next senior leadership meeting 
company names would be on the bar chart. Not 
surprisingly, at the next meeting, all 
subcontractors had excellent performance 
reporting ratings. 

 

 
Figure 18. Examples of the programs from the 
senior leadership meetings between the Army 

program manager, Hughes Helicopters, and the 
Apache major subcontractors. 

A TRI-SERVICE VALIDATED MANAGEMENT SYSTEM 
At the end of the day, the Holy Grail was to have a validated cost/schedule control system that met DOD 
criteria. The demonstration review took three weeks with a team of Army, Navy, and Air Force 
representative interviewing senior management, control accounts managers, schedulers and program 
analysts. My organization led the validation effort on behalf of the company. 

Figure 17. Major subcontractors were assessed on the timelyness and accuracy 
of their status reporting during the development program.
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High level two-day meetings, company president to company president and program 
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A TRI-SERVICE VALIDATED MANAGEMENT SYSTEM
At the end of the day, the Holy Grail was to have a validated cost/schedule control system 
that met DOD criteria. The demonstration review took three weeks with a team of Army, 
Navy, and Air Force representatives interviewing senior management, control accounts 
managers, schedulers and program analysts. My organization led the validation effort on 
behalf of the company.

On 15 November 1974, Hughes Helicopters received notice that it had passed its Tri-Service 
demonstration review. But that was just the beginning. Both the company and the Army 
continued to monitor and assess the effectiveness of the management system. The Apache 
program has been a case study in excellence. Excellence in design; excellence in production; 
and excellence in management.
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Figure 19. Letter from Major General George Sammet notifying Hughes Helicopters they had 

successfully demonstrated their management system to the Army, Navy and Air Force. 

PROLOG:  PALOMAR AIRPORT, CALIFORNIA, 1975 
The Hughes AH-64 team and the Ground Test Vehicle (GTV) AV01, just prior to the start of whirl test  in 
the photograph shown below. Five years later on November 22, 1980, AV04 was destroyed in a midair 
collision with its chase plane. The T-38 chase plane turned into the helicopter while returning to Palomar. 
The GTV was brought up to flight status to continue the intensive pre-production flight test program. 
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PROLOG: PALOMAR AIRPORT, CALIFORNIA, 1975
The Hughes AH-64 team and the Ground Test Vehicle (GTV) AV01, just prior to the start of 
whirl test in the photograph shown below. Five years later on November 22, 1980, AV04 was 
destroyed in a midair collision with its chase plane. The T-38 chase plane turned into the 
helicopter while returning to Palomar. The GTV was brought up to flight status to continue 
the intensive pre-production flight test program.

Page 18 of 21 

 
Figure 20.  Ground Test Vehicle (GTV) AV01, at the start of whirl test in 1975 at the Hughes 

Helicopters Palomar Airport flight test facility in Carlsbad, California. 

We were not within the AH-64  Program Office.  Our organization worked at the company level, reporting 
to the Vice President of Finance.  Part of our charter was to develop independent assessments of program 
cost schedule and technical status. In the Figure below are two examples. The written explanation of these 
two charts reported, “112% of the budget for the GTV has been expended compared to 59% of the schedule 
work performed. The GTV should have been approximately 82% complete by now.”   

  

Figure 21.  Our performance management system and our company-level independent assessments 
helped minimize cost and/or schedule surprises, and helped achieve first flight on 30 September 1975, 

as contractually required. Bell Helicopter did not fly until 1 October, a day late.  

EPILOG:  MESA ARIZONA, 2016 
The photo below was taken in May 2016 of the ‘Founding Members’ of the AH-64/Apache program.  The 
two day reunion was posted by Boeing at their Mesa, Arizona engineering and production facility. 
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Hughes Helicopters Palomar Airport flight test facility in Carlsbad, California.

We were not within the AH-64 Program Office. Our organization worked at the company 
level, reporting to the Vice President of Finance. Part of our charter was to develop 
independent assessments of program cost schedule and technical status. In the Figure below 
are two examples. The written explanation of these two charts reported, “112% of the budget 
for the GTV has been expended compared to 59% of the schedule work performed. The GTV 
should have been approximately 82% complete by now.”
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EPILOG: MESA ARIZONA, 2016
The photo below was taken in May 2016 of the ‘Founding Members’ of the AH-64/Apache 
program. The two day reunion was hosted by Boeing at their Mesa, Arizona engineering and 
production facility.
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Figure 22.  The 'Founders” of the AAH / Apache Attack Helicopter, which is now built by Boeing in 

Mesa Arizona.   

According to General Ed Browne:   

The aircraft that would become known as the Apache had its first flight in 1975 and according to 
current plans will be in the Army inventory through 2060. 

The United States Army required the implementation of a rigorous Cost/Schedule Control System 
on its major programs. Hughes Helicopters, then totally owned by Howard Hughes – the sole 
stockholder – had a poor management reputation. 

Over the years several Congressional investigations significantly clouded its management 
reputation. Although Hughes had a reputation for designing outstanding Scout and Attack 
Helicopters, as opposed to their competitors (Bell, Hiller, Lockheed & Sikorsky Helicopter 
Companies) Hughes had to prove to a very skeptical customer that they could professionally 
manage a multibillion dollar production/support contract. 

For seven years I was the Army’s program manager for The Apache. Several times a year I had to 
testify before congressional committees on the cost, schedule and technical status of the program. 
The Hughes Helicopters cost/schedule control organization provided me pertinent data that was 
key to avoiding the unpleasant cost and schedule surprises, that frankly, would not have been 
good for either the program nor my career.  

In addition to Apache program oversight cost and schedule responsibility, Steve had a small 
independent technical staff that published a weekly assessment addendum of risk and technical 
status.  Although Steve didn’t know it at the time, Hughes executive management shared that 
‘Competition Sensitive’ report with me. It significantly contributed to my confidence that the 
company had a good handle on the program. 

The Hughes Helicopters performance management system was one of the keys in helping me keep 
the Apache program sold to Congress. 

Edward M. Browne, Major General, U.S. Army, retired 
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“Earned Value Management came right off the Factory Floor”
– Lt Gen H.H. Driessnack

I was born in 1961 at Wright-Patterson AFB, Ohio. So why am I writing about the early history 
of Earned Value Management? Well, my father, Lt Gen Hans H Driessnack (ret), who passed 
away in 2006, is often noted as the father of Earned Value Management. The College of 
Performance Management has an award, the Whitey H. Driessnack Award for Outstanding 
Contributions to the Advancement of Performance Management, named after him. My 
brother, Col. Charles Driessnack (USA, ret) and I, Lt Col. John Driessnack (USAF, ret) both 
were ACAT 1D program managers for our services and had extensive use of Earned Value 
Management processes, had many talks with our father about Earned Value and some about 
the history. I often joke that I was taught Earned Value Management as part of planning and 
tracking my Boy Scout Eagle project when I was 13 years old in 1974. Over the years many 
people have come to me with stories about the early days. I always get a huge hug from 
Gary Humphrey’s whenever I see him; as Lt Humphrey (USA, ret) worked closely with my 
father starting in 1970. Quentin Flemming, who wrote several books about Earned Value in 
the 1980s often told me about his effort to convince my father to get rid of level of effort 
(LOE) in the early days. And finally, I’ve got many of my father’s books and articles form 
the 60s. the earliest is an article I found my father references to Quentin W. Fleming and 
Charles W. Ervin, “Management Aids for Program Control”, Aerospace Management, July 
1962, [7] in his 1963 Air Command and Staff College Thesis, title “The Effectiveness of PERT 
as a Management Tool.” [5] That is the same Quentin Fleming that wrote the Cost/Schedule 
Control Systems Criteria books in the 1980s. 

So let me first say my father never considered himself the father of Earned Value 
Management. He would say “Earned Value Management came right off the factory floor.” It 
was an industrial engineering methodology that migrated from measuring recurring work to 
measuring non-recurring work. My research has confirmed this. I graduated with an Industrial 
Engineering Degree from Penn State, and as I went off to school in 1979 my father handed 
me his first edition copy of the Industrial Engineering Handbook, first published in 1956 [8], 
with all his notes in the margin where you can almost see the evolution of work measurement 
on the factory floor coming to nonrecurring engineering work. 

I’ll start this history in 1956 with an example from the Industrial Engineering Handbook. Under 
the Work Measurement, performance controls are discussed in the form of Efficiency Reports 
[8 page 3-259]. It outlined how to calculate the efficiency on the factory floor in percentages. 
For example “worked 4.2 hrs and produced 5.0 standard hour for an efficiency of 119 percent.” 
It goes on to say, in an underlined section, “The key column in this report is also the one 
labeled, “per cent efficiency,” This figure is obtained by dividing the standard hours by the 
actual hours. This report provides a day-to day analysis of the performance for each operator 
on each job worked.” So, in our terms today, the “standard” is the plan value, which then the 
work cell earns, but there actuals are only 4.2 hrs. Today we would say the CPI of 1.19. The 
calculations are in hours, not dollars, but the concepts are the same. You have a plan (or the 
standard), you earn against the plan, and you track to actuals. The measurement are done 

“daily,” with an emphasis on taking corrective actions given the data. Daily collection of data 
in 1956! Don’t tell those oversight folks! The next section of the handbook is called Time 
Standards and gets close to the schedule index. 

These techniques were not new in 1956. Industrial Engineering has been evolving since the 
start of the century. I was recently given a pamphlets submitted by Performance Technology 
Corporation (PTC) dated 30 April 1965 [11], called Earned Value Summary Guide. The guide 
opens with, “Earned Value can be defined as the value received for resources expanded... 
This concept is neither new nor unique – it has existed for years.” The guide discusses the 
“performance against some predetermined standard or model,” very similar to the standard 

THE HISTORY OF EARNED VALUE MANAGEMENT,
THE 60’S
By John D. Driessnack, PMP
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plan in the Industrial Engineering Handbook from 1956, but the concepts as we would 
recognize them had further evolved, but were with a flavor of production. 

Earned Value Management had also evolved from the PERT-Cost efforts, which started in the 
late 1950’s. My father’s article on PERT was written based on his experience at WPAFB on the 
C-141 program [6]. PERT and then PERT Cost had been making an impact on many programs 
and a DoD PERT Cost Coordination Group was set up in the Pentagon. My father starts to 
go to the group’s meetings sometime in 1963, with his new assignment to Air Force Systems 
Command (AFSC) at Andrews AFB. He notes in his oral history that he becomes the Air Force 
representative to the group in 1964, when he moves over to the Pentagon. It is this group, 
which frustrates my father for its restrictive nature, that motivates him to draft a set of criteria 
in 1964 for implementing PERT Cost. [10] [See the extract from the oral history below] 

As he discussed many times with my brother and me, and noted in his oral history, the 
“philosophical approach that we were going to take [within the Air Force]: Provide a set of 
criteria that we expected contractors' systems to comply with and not a cookbook approach 
of how to do it.” [10 - page 117 ]. That criteria, which further evolved through the influences of 
many people, is eventually codified in DoD 7000.2 in 1967 while the more prescriptive PERT 
Cost Group died out. 

It is not clear in my father’s oral history what happened from the frustrating day in 1964 
to Dec 1967 with publishing of DoD 7000.2. With a little research I’ve filled in some of the 
blanks. First, as noted in my father’s oral history, he talks with Ron Fox his boss and Assistant 
Secretary of the Air Force. Ron, a Harvard Professor, saw the benefit and started to move 
the Air Force down the criteria path [10]. But there was a lot more going on at the time. 
According to Robert Fuller [12], who was at Hanscom AFB as a cost estimator from 1960 to 
1967, a series of working groups got started out of Andrews AFB under the management 
of Col. Jack Henderson. There were three groups, one on cost information, one on cost 
estimating, and one on estimating tracking. According to Mr. Fuller, “your father ran the 
estimating tracking, which turned into CSPCSC, the Cost Schedule Planning and Control 
System Specification.” Mr. Fuller notes that there were folks from each product center on 
the teams. Col. Henderson had hired McKenzie to help pull the process together from the 
processes the working groups were developing. My father notes, “we wanted to tie the whole 
financial requirements together so that funds information for budget, cost information for 
cost estimating, and cost performance information for managing the contract at the program 
office level could all be integrated.”[10 – page 124] These items matched up perfectly with 
what Mr. Fuller was nothing about the working groups.

Another evolution of Earned Value Management is provide by Ron Fox (Dr. J Ronald Fox) 
in his book, Arming America: How America Buys Weapons. He notes the PTC efforts as 
well as “more than 10 variations of PERT Cost existing throughout the Defense Department 
and NASA, most of which called for separate costing of PERT network activities and the 
submission of detailed cost information on a monthly basis.” He goes on to note that with 
this confusion, “in 1964, the Office of the Secretary of the Air Force defined a simplified 
standard by which to measure a contractor’s internal cost management system before the 
company could qualify for defense work.” This is the criteria my father discusses. He goes 
on to note, “During 1964 and 1965, the Air Force Systems Command engaged McKinsey & 
Company to develop and pilot the “Specification Approach” to contractor cost planning and 
control, as part of a larger management information system project. The efforts by McKinsey 
and Air Force personnel achieved some success, and resulted in an improved specification 
and implementation manual for contractor performance measurement, incorporating the 
most effective points of the PERT COST and Earned Value systems.” [13- page 405-406] This 
also matches up with Mr. Fullers accounts. [12]

In reviewing my father’s oral history, Dr. Fox’s accounts and Robert Fuller comments, along 
with various documents starting with the Industrial Engineering Handbook, we can see 
how between 1964 and 1965, the concepts evolved through the work of many contributors. 
An open question is “what drove folks like my father to start to think about performance 
measurement on design programs?” It turns out, as my father noted, the effort was 
happening with an overall DoD effort to improve weapons systems acquisition. 

Another set of books I inherited was the Merton Peck and Frederic Scherer book, The 
Weapons Acquisition Process, an Economic Analysis, published in 1962 [1]. Frederic Scherer 
went on and published the follow-on, same title with the subtitle, Economic Incentives, in 
1964 [2]. Dr. Peck as a Harvard professor and Scherer was a PhD student. As David Acker 
notes in his history of the defense acquisition process, “Harvard Weapons Acquisition 
Research Project report covered 12 major defense systems showed that, on average, the 
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quality of the defense systems being produced tended to exceed their original specification, 
this quality was being achieved at the expense of development time (development time 
averaged 36 percent longer than predicted), and cost (cost average as much as seven times 
more than originally estimated).” [4- page 123] Then, “in 1964 Logistics Management Institute 
(LMI) reported on its study of engineering change control practice. In addition to the finding 
that ECPs accounted for 20 percent of the dollar growth and 80 percent of all changes 
actions.”[4 - page 133] David Acker in his Acquiring Defense Systems, A Quest for the Best, 
notes the series of management systems imposed caused the industry in 1965 to “pleas for 
disengagement. … new tools had to be found that would provide the customer with “visibility,” 
while not interfering with contractor prerogatives..The force of the industry pleas led to the 
release of DoD Directive 7000.1 in Aug 1966, addressing resource management systems 
of the DoD. “ David Ackers history of the 60’s puts light on the tone that was being set for 
the issuance of the 7000 series and the other related documents. The “visibility” approach 
falls right into the “criteria” approach which minimizes the “interfering with contractor 
prerogatives.”

The final source of information is the Aerospace Magazine, 1969, which had the phrase on the 
cover, “Managing for Effective Cost/Schedule and Technical Performance.” [9] The 64 page 
magazine is dedicated to C/SPCS and the implementation at GE Re-entry and Environmental 
Systems Division (RESD). Inside that document is Figure 1, DoD Resource Management 
System, DoDI 7000.1, Aug 22, 1966. With a thorough read of Acker’s history of the 1960’s and 
you can track the system evolving for some time in parallel as part of the efforts of Secretary 
McNamara with the whole development of PPBE and overall management of weapon systems. 
Figure 1 outlines the various part of the system, Figure 2 fits it all within the 5 year defense 
plan. Several of my prior noted source note the overall system was spearheaded by another 
Harvard Professor, Dr. Anthony Roberts, who just happen to publish a book in 1965 on 
Planning and Control Systems, A Framework for Analysis, [3] another book I inherited. Roberts 
comes to the Pentagon in mid 1960’s and “takes over Management Systems …” [10- page 118] 
within the OSD comptroller office and becomes a supporter of the whole effort. My father 
notes he and Dr. Fox briefed Dr. Anthony on the criteria approach and he was supportive. 

It is interesting how all this comes together, the whole system we use today, not just 
Earned Value Management, but the Contract Funds Status Report, Cost Reporting, Systems 
Engineering, Work Breakdown Structures, etc. were created in the mid to late 1960’s. The 
CFSR was published in 1966, MIL-STD 881 was first published in 1968, then MIL-STD 499 on 
systems engineering in 1969. 

As we get to the end of the 1960’s, the time of the Aerospace Management issues, we have 
the Tri-Service working group in Figure 3 [9], with my father still involved. The Tri-Serviced 
working group worked to get a single system, which evolved in the early 1970’s. The newly 
formed Joint Logistics Commander (JLC) group decided to take on the tri-service effort 
and my father briefed David Packard, then the Deputy Secretary of Defense, on the efforts. 
The effort for a joint guide was approved and six month later Packard was briefed again. 
My father recalled, “At this point in the time we had a couple of joint reviews under our belt 
that the services did together where we had the same contractor.” [10 - page 133] Packard 
approved and the joint JLC guide was published. 

There was still a long road to go with Earned Value Management. As Dr. Fox notes in his book, 
“By January 1972, six years after the development of the DoD Cost and Schedule Criteria, only 
36 defense contractors had complied with the criteria. On encouraging sign was the at 20 
of the 36 had been validated during 1971. Initially, there had been indifference or resistance 
to the concept of criteria in the Army and the Navy. By 1972, all three services were actively 
implementing the program.” [13 - page 416]
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Figure 1,  DoD Resource Management System [9 – page 15] 
 

Figure 1, DoD Resource Management System [9 – page 15]

 
 
Figure 2, Department of Defense, Integrated Financial Management Reporting Structure [9 – 
page 17]  

Figure 2, Department of Defense, Integrated Financial Management Reporting Structure [9 – page 17]
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Figure 3, Tri-Service Working Group (circa 1969) [9 – page 14] 
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From Lt Gen H.H. Driessnack Oral History: (10 - page 113 to 117)

A couple of things that I got involved with are still around today; one, the development of what 
has now become DOD Directive 7,000.2, Cost and Schedule Control System criteria. I went to a 
meeting as the Air Force representative on what was the OSD PERT Coordinating Group at the 
time. The three services were involved, and they were mostly people specifically enamored with 
PERT-Cost. I never did care for PERT-Cost because some people thought PERT-Cost meant costing 
networks, and that is not what those folks that wrote PERT-Cost had in mind at all. 

It is impractical to cost a network in our kind of business. You can do it in civil engineering 
construction projects, but there was already a system for that built by Catalytic Construction. 
It was called critical Path Method. It had been out for a long time. It is still used 
effectively today.

It is computerized, and folks use it for scheduling very complicated civil engineering jobs and 
projects. My experience on the -141 led me to believe that the scheduling--integration of the 
total schedule--was the most important thing you could do because it required laying out the 
plan. One hour of up-front planning is worth 10 to 15 hours of downstream execution. It is very 
important that you layout that plan, integrate that plan, and schedule that plan; then the rest 
follows. You have to constantly monitor that plan to see where the critical paths are and where the 
potential problems are.

I went to a particularly interesting PERT-Cost Coordinating Group meeting. I had gone to a 
meeting with one of the colonels at Systems Command before and had been introduced, so I 
knew them over there. Now all of a sudden as a young major I was going to be the Air Force 
representative at the meeting. Well, at this meeting a major from the Army came in, if you can 
believe it, on a main battle tank. That is how far back that goes. We are now talking like 1964-65; 
over 20 years ago [Note, the Oral history was record in 1987] they were starting to talk about the 
main battle thing.

This major had gotten together with the Germans and had developed a work breakdown structure, 
which was the way they were going to execute this program, and had agreed to nomenclature, 
responsibilities, and so forth. He laid that out for them on how they were going to control the 
program. He then was asked by the DOD chairman of this group whether he would agree to print 
across his Army document: This complies with the DOD PERT Coordinating Group document of 
such-and-such day. He said, "I'm not sure whether it does or not." The chairman said, "Well, then 
you don't have PERT-Cost." The major sort of looked at him with kind of a blank stare. He was 
brought in there to tell us what he was doing, and then they told him, "Sorry, friend; you don't 
comply. Next case."

I raised my hand and said, "I don't think the Army really cares whether they comply with a DOD 
PERT Coordinating Group document. What they have come up with, I think, is a pretty innovative 
scheme for tying together two different nationalities in what is a rather unique arrangement, and 
they have done it very well. It looks to me like it has a potential for working. What we ought to 
do is support them and applaud them for the innovative approach they have taken in getting this 
thing done."
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They said, "Well, we are not interested in his innovative approach. We are interested in whether 
he can comply with this document." I said, "If that is the purpose of this PERT Coordinating 
Group, then the Air Force is no longer interested in being a member." This GS-15 chairman said to 
me, "You are in no position, nor do you have any authority, to say that." I said, "I'm leaving. I don't 
want to partake in any kind of discussion like this because it is completely contrary to my own 
experience and where I think the Air Force is headed." He said, "You can't leave." I said, "There isn't 
anybody in this room big enough to prevent me from leaving," and I walked out. I never went back, 
and the PERT Coordinating Group dissolved shortly thereafter.

No matter what it is, any time you get to the point where it has to be in your mold only, and there 
is no room for innovation or deviation from anything, you bring down your own house of cards.

I was really ticked off. I went home, sat down--up in the fifth floor of the Pentagon--and wrote 10 
criteria for complying with PERT-Cost requirements. I showed them to Ron Fox and told him the story. 
He was completely sympathetic. He said, "You did the right thing." I said, "I tell you this because 
you or the Secretary are going to get a phone call." Sure enough, they did. They said they thought 
Driessnack did the right thing. They were concerned with the way the whole PERT Coordinating 
Group was going, and they would talk about it after I had a chance to collect my thoughts. 

I spent that afternoon, that evening, and the next day refining these criteria. I talked to Fox, then I said, 
"Why does it have to be PERT-Cost? What we are looking for are effective cost and schedule control 
systems in a contractor's plant. These should just be criteria for cost and schedule control systems." He 
agreed with that, even though he was one of the originators of PERT-Cost; so that is the way it went down.

He looked at them, made some comments, and we went down and talked with the Secretary. We 
decided this was the philosophical approach that we were going to take: Provide a set of criteria 
that we expected contractors' systems to comply with and not a cookbook approach of how to do 
it. We were then going to evaluate their system against these criteria: Did they do these things? It 
was a new, innovative approach, a performance specification.

Long story short, that has become DOD 7000.2. It was finally published about 1967 and has been 
on the books ever since….
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Measuring Time: Improving Project Performance Using Earned Value, Mario Vanhoucke, 
Springer International Series in Operations Research and Management Science, 2009.

This book, and Mario’s other book, Integrated Project Management and Control, should be in 
the top ten list for the Earned Value Management professional. The book deals with project 
performance and control processes of the project lifecycle. It is a detailed investigation of 
time performance measurement methods and risk analysis techniques. An evaluation of 
existing and new methods are examined in terms of their abilities to improve the corrective 
actions needed for decision making processes during project performance management.

Individual chapters start with simulation studies for forecast accuracy, schedule adherence 
and time sensitivity, and approaches to top-down and bottom-up progress tracking. The 
book provides a case study, a tutorial on the use of the ProTrack software developed from 
Vanhoucke’s research in Earned Value Management, and conclusions of the effectiveness for 
each technique.

While Earned Value Management has been around for 50 years, in recent years there is focus 
on compliance rather than program performance management. IPMRs produced on month 
end and sent to the customer, contain cost information and the attached Integrated Master 
Schedule. Rarely is this information risk adjusted, connected to the Technical Performance 
Measures, Measures of Effectiveness, and Measures of Performance of the deliverables from 
the work produced by the project.

This book shows how to make those connections as well as conduct the analysis to make 
informed decisions needed to take corrective actions to Keep the Program Green. 

Traditional Earned Value Management can provide Estimates to Complete (ETC) and
Estimates at Completion (EAC) based on project assumptions. These estimates usually don’t
take into account the uncertainties that exist in all projects. These uncertainties are of two 
types – (1) reducible uncertainties (Epistemic) and (2) irreducible uncertainties (Aleatory). 

Reducible uncertainty and the reducible risk it creates is handled with explicit intervention 
activities that are contained in the baseline. Work to buy down the risk resulting from these 
uncertainties is contained in work packages and paid for from the PMB’s budget.

Irreducible uncertainty and the risk it creates is handled with margin (schedule, performance, 
and/or cost margin). These margins are part of program baselines.

The book describes how performance indicators for predicting the total project duration 
can be applied to increase the probability of project success. These indicators have been 
developed from research studies used to validate the Earned Value Management methods to 
forecast the total duration of the project.

Typically Earned Value Management is the domain of Program Planning and Controls. This 
is usually relegated, with little interest in the larger problem of managing and delivering 
the project’s technical outcomes. It’s typically a reporting role on the project along with 
the compliance role in our EIA-748-C domain. Little has been done to critically analyze the 
behavior of Earned Value Management processes – calculations and the data – for a wide set 
of diverse projects and programs from their activity networks. 

This book takes an academic approach and tests the behavior of EVM metrics on a large set 
of synthetic data rather than a small set of actual data. Some might suggest this data is not 
real, but with this data, actual project data can be matched to assess the effectiveness of the 
metric in ways not possible with a selected set of small projects. The risk with a small set of 
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data is not only cherry picking the projects needed to support a hypothesis, but a statistical 
limitation when drawing conclusions applicable across the a broad set of projects.

There are eight chapters that guide the reader through the principles and processes of 
decision making using Earned Value Management in the presence of uncertainty.

Chapter 1. Provides an overview of common terms. Here the notion of Earned 
Schedule (ES) is introduced. For those not familiar with Earned Schedule, this books 
is a good starting point to understand that the raw data used by ES is the same 
as the raw data used by EVM. The result is a forecast of project performance in 
terms of schedule adherence not found in EVM without looking at the Integrated 
Master Schedule. This is one of the dark secrets of EVM. What does it mean to have 
an unfavorable Schedule Variance of $250,000? This depends on the burn rate of 
the project. It could be many weeks or months, or in my experience in a nuclear 
decommissioning program, a few minutes. 

Chapter 2. Reviews the p-factor assessment metric used to measure schedule 
adherence based on raw data from the Earned Value Management processes. This 
p-factor provides detection methods for project impediments for the portion of work 
performed under risk, based again on raw data from EVM measures. A discussion of 
how the p-factor can be modified to improve the accuracy of forecasts is provided. 

Chapter 3. Three actual project case studies are shown from Mario’s work at 
Fabricom Airport Systems. 

Chapter 4. Reviews and evaluations of Earned Value Management methods using 
Monte Carlo Simulation are presented. While our DID 81861A calls out Schedule Risk 
Analysis (SRA), it does not specify the method used for this analysis. This chapter 
details the processes and the care needed to define and model the network of 
activities to produce a credible forecast of future performance based on the behavior 
of individual tasks and their past performance.

Chapter 5. The relation between forecast accuracy and project sensitivity is reviewed 
in detail. The ability of activity sensitivity information to improve the tracking 
processes of the project is addressed along with the needed corrective actions to 
address performance problems or respond to opportunities.

Chapter 6. A simulation study is provided from the data presented in the previous 
chapters. This validates the tracking methods with the EVM comparing a bottom-up 
approach and a top-down approach.

Chapter 7. The tool ProTrack is presented here. 

Chapter 8. Sums up the chapters and reviews the results from the four simulation 
studies from the point of view of project performance tracking. The conclusion shows 
the differences between top-down and bottom-up processes that provide credible 
performance forecasting needed to make informed decisions in the presence of 
uncertainty. 

The book shows that Earned Value Management and the Schedule Risk Analysis resulting 
from the Earned Schedule techniques are two complementary techniques, using the same 
raw data.

With this book, the EVM professional has access to tools and techniques to increase the 
probability of project success.
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For the celebration of Fifty Years of Earned Value Management – actually less than that as it 
has not been called Earned Value Management for fifty years, but has had several names – as 
editors we thought we would pull together a reading list of papers and books on the topic.

Each of these sources has numerous references and bibliographies for further insight in the 
Earned Value Management and its origins.

1. "The Weapons Acquisition Process, An Economic Analysis," Merton J. Peck 
and Frederic M. Scherer, Division of Research, Graduate School of Business 
Administration, Harvard University, Boston, 1962.  
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University, Boston, 1964. 
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Division of Research, Graduate School of Business Administration, Harvard 
University, Boston, 1965 

4. "Acquiring Defense Systems, A Quest for the Best," David D. Acker, DSMC Press,  
Technical Report TR-1-93, Defense Systems Management College, Fort Belvoir, VA 
22060 

5. "The Effectiveness of PERT as a Management Tool," Major Hans H. Driessnack, Air 
Command and Staff College Thesis, Air University, Maxwell Air Force Base, Al, 22 
April 1962 

6. "PERT on the C-141," Captain Hans H. Driessnack, Aerospace Management, August 
1962.   

7. "Management Aids for Program Control, " Quentin W. Fleming and Charles W. Ervin, 
Aerospace Management, July 1962  

8. Industrial Engineering Handbook, H.B. Maynard, ed., (New York: McGraw Hill Book 
Company. Inc., 1956)  

9. "Perspective Commentary From AFSC Cites "Why, What & How" of C/SCSC," Lt Col 
H. H. Driessnack, Aerospace Management, 1969 Volume 4 Number 2, pg 11-19 

10. "Interview of Lt Gen Hans H Driessnack", Hugh N Ahmann, USAF Oral History 
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11. “How It All Began: The Creation Of Earned Value And The Evolution Of C/SPCS AND 
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