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ABSTRACT

The principles and approaches for designing system acquisition documentation are
changing. Due to re-engineering, downsizing and acquisition reform, the desire to create
more efficient processes is becoming reality, including the development of acquisition
documentation. This paper discusses a streamlined approach to specification devel opment
in procuring atraining system. It must be noted that these initiatives are still being
developed and matured and this represents the current intent. This paper will explore
some of the tenets of acquisition reform as it applies to specification development and
address the desire for performance based requirement specifications. In addition, this
paper will address the move toward joint service guidance and present a strategy geared
toward developing a training system specification. Aswith any approach, there are
challenges which must be addressed in order to achieve a successful product. This paper
will discuss how to overcome some of these challengesin a streamlined acquisition
environment using Joint Primary Aircraft Training System (JPATS) Ground Based

Training System (GBTS) as an example.
BACKGROUND

Requirements definition and
requirements stability have been and
remain major challenges in the
development of training systems.
Training system specifications have failed
to mitigate the problem and have
frequently aggravated it (Hoog 1986).
Furthermore, there has been a noticeable
lack of systems engineering in the
specification development process. In
many cases, individuals who devel oped
requirements mindlessly incorporated
numerous requirements from past
programs without questions or significant
higher-level reviews, or they tried to
design the system. Use of atest matrix
to indicate the type of verification (e.g.

inspection, analysis, demonstration and
test), rather than atest paragraph based
on performance requirements often led to
testing based on contractor devel oped
procedures, not the specification itself.
Opinion rather than training requirements
often determined acceptability of a
system.

Requirements definition for
training systems has evolved in parallel
with use of and expectations of training
systems. Flight simulator use became
significant in the early to mid 1970’s. In
the 70's, the main cost driver for training
simulators was hardware. The
specifications focused on hardware and
described design and construction
exhaustively. The system specifications



referenced many separate military
standards and specifications and directed
methodology details down to the level of
how to tape wire terminal ends, in some
cases. In many cases, program teams
incorporated specifications and standards
they thought were applicable without
considering the impact or in many cases,
even reading them. Except for these
standards, the teams thoroughly
understood the technology and tended to
design the system in the specifications.
They also wanted to ensure that
contractors did everything they promised
and often placed complete proposals on
contract. Thisledto a“band-aid”
approach - put afix (“band-aid”) in for
each problem encountered in a recent
program.

The fuel crisisin the mid to late
70's increased emphasis on flight
simulator use and accelerated simulator
technology advancement. In addition,
commercia hardware was being used
more extensively in simulators.
Recognition of the fact that simulators
operated in benign environments led to
less emphasis on military specifications
and standards. But references to them
did not decrease in proportion nor was
there an increase in the understanding of
the effects of applying them. Asmore
programs were started, teams were not
so well versed in technology and there
was a great tendency to copy previous
specifications. In lieu of putting
proposals on contract, important features
of contractor designs were incorporated
into the specifications.

In the 80's and early 90's, the
main cost driver for training devices
changed from hardware to software.
This reduced the focus on highly detailed

hardware specifications and allowed for
greater use of off-the-shelf components.
Specification content re-focused on
software requirements. Software
requirements, “use Ada’ (or Fortran in
the early 80s), “provide a percentage of
spare capacity and use a sound software
process’, were often expressed in
multiple pages of extraneous detail. Use
of contractor logistics support eliminated
the remaining need for hardware
designed to military specifications and
standards. Again, referencesto military
specifications were reduced but not in
proportion to the change in technol ogy.

During the 80's, Military Airlift
Command (MAC), contractors, and even
the Simulator System Program Office
(SPO) (Doty and Kottmann 1984),
(Hussar 1983) began to encourage
contractor innovation and commercial
practice, based on the success of the KC-
10 Aircrew Training System (ATS) with
American Airlines. The ATS definesthe
training requirements and a contractor
develops training devices and instruction
to guarantee a certain student throughput
and cost per student. Use of Federal
Aviation Administration (FAA)
requirements for simulators was
encouraged. This created new
requirements problems. Instructiona
requirements such as "train instrument
procedures, instrument takeoff,
instrument cross check, and precision
and non-precision approaches’(L ethert
and Martin 1993) are subjective. They
cannot be measured in an unambiguous
manner. FAA requirements were mixed
with simulator requirements left over
from previous programs.

At the present time, the JPATS
GBTS program represents a culmination



of many of these trends. The JPATS
GBTS consists of several types of
simulators, courses of instruction and a
computer network to manage and
schedule all training known as the
Training Integration Management
System (TIMS). Itisprocured from
Raytheon Aircraft Company as an
integral part of the JPATS program.
Raytheon is building the aircraft and is
currently selecting a contractor to build
the GBTS. Indeveloping JPATS
requirements, the program officeis
dealing with many of the issues discussed
in the previous paragraphs as well as
trying to develop requirements for a sub-
system, the TIMS, with which the
training community has little experience.
Thisis also being done in the age of
Acquisition Reform.

DEVELOPING A SUCCESSFUL
SPECIFICATION, USING THE IRIS
STRATEGY

It is essential that the
requirements be well understood by all
parties in atraining system acquisition.
Developing specifications for training
systemsis not easy. There are no
universally accepted rules. Experienced
personnel must integrate the
requirements into an overall acquisition
strategy. This means that the necessary
commitment of resources to fully define
the top level requirementsis essential.
This paper proposes a concept by which
specifications can be developed; it is
called the IRIS (-Identify requirements,
R-Recognize constraints and
opportunities, |-Integrate expectations,
S-Say what you mean) strategy.
Although not explicitly used on any
program it represents many of the
concepts used on the JIPATS GBTS.

The IRIS strategy isillustrated in figure
1.

Figure 1 represents alogical as
opposed to temporal process.
Requirements definition and specification
development do not end at contract
award. They are iterative and conducted
at all levels, thus, continue throughout
the life of the program. Multiple blocks
occur in parallel, and as design decisions
are made further requirements must be
defined. For example, once we conclude
we need simulatorsto train our pilots, we
must determine the simulator
characteristics.

| dentification of performance
requirements ( RI1S)

Thefirst step in the IRIS strategy
isidentifying the requirements of the
system. It isvery important that these
requirements be identified in performance
terms (move aten ton load across a 1/4
mile wide river) as opposed to design
terms (build a bridge to support aten ton
load). Performance based requirements
allow the contractor developing the
system to innovate thus reducing either
costs or development schedules.
Performance requirements do not
become outdated as technology changes
- only their implementation does.

|dentification of requirements
begins with the user's identification of the
need for atraining system using a
Mission Need Statement (MNS) or
similar document. Once thisisidentified,
akey step isthe training system
requirements analysis.
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Figure 1. IRIS Strategy

Training System Requirements
Analysis (TSRA) The Training System
Requirements Analysis (TSRA) isa
systematic process designed to define the
components, interrelationships, and
requirements of atraining system. This
isacritical step in the acquisition
process. The user and SPO, and usually
a contractor, work together to analyze
system and training requirements and
develop training objectives and test
criteria. The TSRA begins by defining
the mission tasks and defining entry level
and exit level skills and knowledge
needed by the student population in
guestion. It also identifies training
objectives and strategies for instruction,
including both media and methods,
needed to meet the objectives. The
TSRA culminates with a comprehensive
study of the baseline system, including

system deficiencies, and recommends
solutions. Concept and configuration
decisions and rationale from the trade
studies are detailed.

Other Analyses Some other
programs may have unique requirements
which require special analyses. For
example JPATS includes a Training
Integration Management System. The
system will manage and schedule all
undergraduate flying training. In order
to have a better understanding how flight
training management is handled, an
analysis of the processes, people and
systems used to manage flying training
was conducted. Two different models
were developed using object-oriented
methodology. First, a physical model of
the system was devel oped to capture the
reality of today’s flying training
management. Thisanalysisincludes a



description of how flying training is
managed today. It includesall the
inefficiencies and redundancies that are
currently in place today. The second
analysis, using alogical model, was
conducted to focus on what the training
management system needed to do in
order to minimize and overcome system
limitations identified in the physical
model. And more specifically, the logical
model, presents the requirements for a
more efficient training management
system. These two studies formed the
foundation for the training management
system requirements.

Operational Requirements
Document (ORD) The ORD is
generated by the using agency utilizing
the results of these analyses. As shown
infigure 1 it will often be generated
while the TSRA and other analyses are
on- going. It may also change during the
program. Once completed the ORD
defines the training system the program
office must procure. The ORD isthe
overall governing document which drives
the generation of the specifications. The
ORD is aso the basis for operational
testing of the system. ORDs should state
broad and general operational
requirements in performance terms.

Challengesin identification of
requirements Distinguishing
performance requirements from design
requirements is not awayseasy. As
programs to procure training systems
begin, it is important to estimate the cost.
Training system costs are based on an
implementation, not performance. The
estimators will typically assume some
design, e.g. atraining system consists of
simulators, courses, and a system to
manage training. There will also be

assumptions about the characteristics of
each item. Results of the TSRA isthe
basis that can be used to identify the
characteristics for the cost estimate.
Once estimates are made, it is not
necessary to include all estimating
assumptionsin the requirements. The
estimate establishes a probable scenario.
The contractor building the system
should not be constrained by the basis of
this estimate.

It isalso afallacy to think that we
can achieve totally pure performance
requirements. We think in design terms
and often fear that true performance
requirements won't adequately result in
our need being met. Some compromises
may be necessary. In the JPATS ground
based training system there is a user need
for instructors to quickly and efficiently
enter the student results at the end of a
training flight. Our first iteration
required a personal digital assistant
(PDA) with a battery life of 6 hours,
handwriting recognition capability, etc.
We had specified a solution. Aswe
reviewed this requirement, some team
members felt that a qualitative statement
would not adequately describe the
requirement, but a PDA might not be
feasible or cost effective. Our solution
was to leave the method to the
contractor but to state that a PDA should
be considered. Our user wanted several
additional requirements if a PDA was
used. Thiswas acompromise solution
and not a true performance requirement.

Recognize Constraints and
Opportunities (IRIS)

Constraints and opportunities
play amajor role in the development of
training specifications.



Acquisition Reform There
have been hundreds of specific
acquisition reform initiatives. Some of
these initiatives focus on the move from
government oversight to insight and
increased dependence on contractor
processes rather than military
specifications and standards. The goal is
for the government to define only
necessary requirements and for the
contractor to implement these
requirements in a manner consistent with
their standard commercial practices and
processes. Therevised DoDI 5000.1
requires the generation of performance
specifications, encourages the use of
commercia standards, and requires a
waiver for use of military specifications
and standards.

Under acquisition reform
initiatives the Air Force does not write a
detailed Statement of Work (SOW).

This may preclude defining the processes
used in developing the specifications.
Instead, the government provides a broad
Statement of Objectives (SOO) and lets
the contractor write the Statement of
Work. A bilateral agreement is
accomplished which includes an
Integrated Master Plan (IMP) which
defines entry and exit criteria. Itis
believed that the details can be worked
out with the contractor in the source
selection process but thisis yet to be
proven for atraining system acquisition.

DoD Regulation 5000.2-R, Part
2, Program Definition contains the
mandatory procedures for translating
broadly stated mission needs into a more
sharply defined set of performance
specifications. However, using agencies
have often been uncomfortable with such

direction. They fear they will lose
control of the product. Thisfear has
some basisin fact. We previously
discussed the difficulties in developing
true performance requirements. The
USAF/USN JPATS program had an
ORD which started with many "how to"
type of requirements. Most of these
items have been converted to
performance based specifications which
ultimately has driven the ORD to more
closely match a performance based
document. Thisisasensitive situation
when the user has a clear "picture” of
what he "really wants" and the
acquisition community istrying to obtain
what he “really needs” without
constraining the contractors innovation.
Currently much compromise is necessary.
Additional guidance for implementation
of acquisition reform in the aviation
sector is planned for release this year.

Opportunities The Instructional
System Development (1SD) process
defined by AFM 36-2234 is avaluable
tool in defining and updating training
requirements. "In 1992, the Air Training
Command and Aeronautical Systems
Center joined forces to establish a new
direction for the Instructional Systems
Development (ISD) process'(Golas et a
1992). The revision included advances
that had been made in the area of
cognitive psychology, instructional
design, learning theory and human
factors. Therevised ISD model stressed
the importance of quality and feedback
throughout. This change emphasized the
need for performance requirements to be
the basis for the development.

At the Aeronautical Sysems
Center (ASC) we recognized a need to
document the steps with respect to



management of the ISD process. The
"scrolls" (given their name for the size of
the charts), tracked the ISD process from
the concept exploration phase of
acquisition through along range support.
Not only did this internal working guide
document ASC's management approach,
but provided 'just in time' training to
engineers and identified the major areas
of concern within courseware
development. A form of the “scrolls”
subsequently became Volume 3 of AFH
36-2235.

The major challenge hereisto
achieve comprehensive acceptance of the
output by all parties concerned. People
tend to reject systematic analysisin favor
of their own biases based on past
experiences. They want to incorporate
lessons from past programs they have
learned whether or not they are
applicable. All of these are valid
concerns. But integrating them into a
logical product is difficult. We must
learn to trust our processes once they’ve
been demonstrated to work.

Guide Specifications Guide
Specifications were developed to provide
tools to aid government and industry to
prepare development specifications for
weapon systems. These documents
provided guidance on how to apply
proven methodol ogies and processes in
development programs. Guide
specifications can:

a. Provide examples of good
requirements.

b. Standardize language and
terminology to enhance the
understanding of all parties.

c. Provide alogical structure to
ensure requirements are adequate and
consistent.

Originally the AF Guide
Specifications addressed flight simulators
and maintenance simulator productsin
the area of training. Inthe early 1990's
an additional training system document
was developed that addressed complete
training systems as well as specific
devices. Effortsare currently underway
to develop ajoint service guide
specification for training systems. This
document will include some of the more
recent acquisition reform initiatives such
asincremental verification requirements
and increased reliance on contractor
processes. Key portions should be tied
to the IMP.

Guide specifications have not
been widely accepted for use in training
systems. Program offices must become
stakeholders of the guide specifications if
they are to be applied effectively. There
must be a systematic exchange between
the "program doers" and the specification
authors to continuously improve these
documents.

Integrate Expectations (IH S)

Expectations must be managed
during the training system development
process lest they linger unresolved and
become detrimental to the program. This
is accomplished by integrating
expectations into requirements or directly
into the product or by modifying
expectations to meet the characteristics
of the product. Aslong aswe are
considering expectations, and not
requirements, any of these approachesis
valid.



An expectation is "a requirement
that isnot really arequirement.”
Program managers, engineers and the
end users, have ideas of what the final
product should look like. (Expectations
are often design requirements which have
been converted to performance
requirements.) Some ideas can become
mindsets that will never shift until the day
of delivery when an engineering change
proposal isissued changing the system
requirement. All requirements will not
and should not be identified at the start
of aprogram. In order to integrate
expectations lower level requirements
definition can be deferred aslong as
there are provisions for complete
requirements definition as they are
necessary for detailed design. Thisis
where a strong systems engineering
processis vital to the success of a
program.

The Integrated Product Team
(IPT) concept has existed for many
years, although the IPT practiceis still in
its infancy in many organizations. The
IPT is a management philosophy which
provides a framework for working within
adynamic environment. A key aspect of
this management philosophy is the
creation of cross functional teams that
are formed for the specific purpose of
delivering a product or managing a
process. It selects the right mix of
people and disciplines, skill levels and
ensures the supplier and customer are
both involved.

IPTs areideal vehiclesto
integrate expectations. They provide a
framework to discuss the design and
requirements and review prototypes. As
aresult of these discussions these

requirements, both lower level
requirements and design details, are
defined. For example, cost trade off can
be discussed informally and alternative
ideas can be discussed. Asaresult many
expectations will be modified while
others will be incorporated into sub-tier
requirements.

The IPT process can be
complemented with a prototype phase
which refines the definition of the
component which is being prototyped.
Thistool, not only facilitates the design
of the system component but can also
provide the end user with some
confidence in the design by conceptually
"seeing" what the designer is thinking
about. Developing aprototypeisa
good way to see what types of design are
available to meet the requirements.
JPATS is planning prototypes to refine
TIMS and courseware requirements.

|PT approaches have long been
common in developing training system
requirements. (Although the IPT name
was not used). Hoog (1986) recognized
that the main goal was to form aclose
knit team between the Air Force and
contractor. The IPT approach is
incorporated into the JPATS GBTS
program. A system specification will be
finalized when the GBTS contract
changeis awarded. Lower level
specifications for simulators, courses, the
TIMS and supporting elements will be
developed and placed on contract as the
program progresses. The user must sign
up to the expanded requirements baseline
prior to the commencement of each
subsequent program phase (Hoog 1986).

Again there are challenges. The
IPT philosophy is highly dependent on



the working relationships of the parties
involved. If the IPT isnot effective, the
required product won't happen. Thereis
atrade off between finalizing sub-tier
specifications and making the contractor
responsible for all changes to sub-tier
specifications until Functional
Configuration Audit (FCA). The latter is
encouraged by acquisition reform’s Clear
Accountability In Design (CAID)
initiatives. The balance must be
determined on a case by case basis.

Say what you mean (IRIS)

Once requirements are identified,
they must be expressed in aform suitable
for contracting purposes. On many
programs this begins with a System
Requirements Document (SRD). The
SRD specification concept began prior to
acquisition reform. Itisvery similar to
acquisition reform's SOO and SOW.

The SRD in the Request for Proposal
(RFP) should include complete top level
performance requirements. The
contractor turns the SRD into a
specification adding more detail. Inthe
JPATS program the SRD was devel oped
based on TSRA results and preliminary
ORD requirements. If asingle
contractor does both the requirements
analysis and builds the system the SRD
might be produced right after the Mission
Need Statement.

In our nominal approach, industry
proposals should include a complete top
level specification that fleshes out the
SRD requirements based on the
proposed implementation by the specific
contractor. If necessary to control risk,
selected lower level specifications may be
required. These specifications then
become the contractual performance

requirements. The specification should
include statement of the performance
requirements themselves and the means
to verify the requirements. Guide
specifications can be used as an aid in
developing and evaluating both the SRD
and specifications.

The set of requirements should
be minimal, but complete. Only essential
needs of the user and essential
constraints on the training system design
should be identified. Contractors
implementing the system should have
maximum flexibility to design a system.
If requirements are minimized, flexibility
will beincreased. For example, the
JPATS Training System Requirements
Analysisidentified the need for three
types of flight smulators. Each device
had identical requirements to the other
except for visual systems The first
approach was a specification that
required the devices be built from
identical components except the visual
systems. After review, we realized that
since all other requirements for the
devices were identical, we could levy the
common requirements and let the
contractor choose how to meet them.

The set of requirements must be
consistent. JPATS GBTS defines the
number of simulators, their operating
hours, the number of classrooms and
computer based training terminals, and
their operating hours. It also specifies
the student load per base per year and
the baseline course syllabus. Potential
inconsistencies must be further evaluated.

Requirements should not include
extraneous information to “help” the
contractor. If thisinformation can be
derived from the stated requirements or



if it can be obtained from other sources,
it should not be stated in a contractual
document. The implementing contractor
should have the responsibility (and
authority) to obtain this information.

It is very important that
requirements are expressed in a manner
such that all parties understand clearly
and identically what is meant. English
expression often tends toward ambiguity.
Authors write to produce smooth
flowing, interesting to read documents.
Specification authors may try to capture
all related conceptsin one place. A good
specification is boring. A computer
programming language is an example.
Syntax should berigid. Any statement in
atop-level paragraph should apply all
subparagraphs. Similar requirements
should be expressed in similar language.
A standard set of terminology should be
used. Requirements are the minimum the
system must do, not everything it can do.
Martin and Lethert (1993) expand on this
concept in some detail. Some other
examples:

a. Saying "the system
shall be designed to do" or "the system
shall be capable of doing" islooking for
misinterpretation. The statement "the
system shall do" eliminates any
misinterpretation.

b. Stating the same
requirements in multiple places
frequently leads to multiple
interpretations.

¢. Using more than one
name for the same item can create
misinterpretations.

d. When diagrams are
used, they include design details. Itis
not necessary to specify on the diagram -
may not be consistent.

e. Use of "and/or" leads
to difficulties in meaning.

f. The phrase "include,
but not be limited to" sounds lawyer-like
but really means that in addition to items
listed, the contractor must include more.
The term "include" should be sufficient.

CONCLUSIONS

Creating atraining system
specification can be made easier by
applying the IRIS strategy. IRIS
provides the foundation and guidance
needed to define requirements and
develop atraining system specification.

While these principles are ssmple
they are neither universally accepted or
enforced by government or contractor
managers. Specifications are often not
carefully reviewed. Managers
concentrate on acquisition strategy or
cost and schedules. SRD and
specifications do not get the attention
they deserve.

|dentification of performance
requirements must be done formally and
systematically. Agencies must devote
the necessary time and resources to this
activity. A structured review process
should trace requirements to the analyses
performed rather than merely consolidate
inputs from various groups. We must
ensure that requirements are expressed in
performance terms; but we must also
realize that some compromises may be
necessary.



In the past, government
procurements have imposed many
restrictions on contractor flexibility.
Allowing the contractor to utilize their
own proven processes and practices will
most likely provide benefits to cost,
performance and schedule. The IRIS
strategy addresses the identification of
requirements with an emphasis on a new
approach to acquisition. This new
approach includes the recognition of
constraints and opportunities, the
incorporation of expectations and the
‘say what you mean’ idea applied to the
training system specification
development.
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