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Introduction
Most of engineering is based on physical laws that are easily expressible as simple equations.  All the rest of each topic is simply a treatment of details about those principles and how they can be applied to practical use.  Consequently, the material can usually be organized in a logical manner so it's easy to learn and remember.  Specification writing doesn't work that way; it's a hard subject to teach because it draws on so many diverse topics--project management, engineering practice, law, civics, grammar, word usage, and even philosophy.  Hence, the subject matter does not integrate well into an easily comprehensible whole like we're accustomed to dealing with in engineering.  No matter how you try to organize it, all you have is a lot of disconnected facts.  The correct order of presentation is almost impossible to determine.  Becoming familiar with such a body of knowledge through on-the-job experience usually takes a bright person many years, and keeping it all in mind while drafting a document is very difficult, indeed.
In keeping with the nature of the material, this guide is a collection of short articles. It is written by an experienced U.S. Government engineer to an audience of fellow engineers. The intent is to help both newcomers to the field and those who sometimes prepare informal specifications, but don't prepare them often enough to maintain the high levels of knowledge and skill they really need to do the job right. 
Earlier versions of this guide were embedded in a software package I made for engineers to use while they were actually drafting specifications. This HTML version was adapted from that on-line package so it can reach a larger audience. Since more memory space is available for this version, and the HTML format imposes fewer constraints, the articles have been expanded from their original content. They still, however, specifically addresses the types of errors I have seen repeatedly in drafts of training-device specifications written by Government engineers. Note the text displayed in red makes points I don't want you to miss.
While drawn, where possible, from recognized authoritative sources, much of the information in these articles does not come from official policy documents.  Think of it as you would a textbook for a college course. There is no shortage of directives affecting specifications.  I see their lack of explanations as the reason why they are so often not followed.  Such is a necessary trait of directives; if they were to try to answer all the "why" questions, they would be too lengthy and would open themselves to too much interpretation.  The intent here is to educate you, not to issue directions in bureaucratic_prose.  Equipped with a general understanding, you should have less difficulty remembering and applying all the rules. To my knowledge, no other texts are readily available that treat specification writing in quite the same way as it's treated in this guide. If you know of one, please tell me about it.
Use this guide as a general introduction to the principles that apply to specification writing.  If you need a quick review of basic grammar, I've included a few pages of information to get you back up to speed. See the Basic Grammar Review page. For detailed directions on how to do your work, refer to your locally applicable directives, not to this guide.  When the directives are insufficient to help, and you're called upon to make your own informed decisions, perhaps this guide will provide some of the knowledge you need.   Note: the opinions expressed in this file are those of the author, and not necessarily those of the U.S. Navy.
Credit for transforming my own meager attempt at HTML into something worthy of its presence on an official Web site goes to Rick Neff of NAWCTSD. Rick also made many suggestions about the content that have improved the overall quality of this guide.

John Oriel
NAWC Training Systems Division
Orlando Florida
April 1999 
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	The main objective of specification writing is to get the project done with as little cost growth as possible. Cost growth shows up as Engineering Change Proposals (ECPs), Requests for Equitable Adjustment (claims) and modifications to recently bought items (mods). Some ECPs and some mods arise legitimately from changing mission requirements.


Many, however, arise from time pressure and inattention to detail in the project phases prior to contract award. Claims often happen because of inattention to administrative matters during the contract, and because of disputes over the meaning of the specifications. 
Engineering projects build upon the work as it is completed, much as a building is built from the ground up, starting with the foundation.  When an error is made, the cost of correcting it is greatest when it was made early in the process and not discovered until subsequent work has been done.  The earlier in the process that the error was made, the more work has to be done over.  This is why we must pay very careful attention to project planning and specification writing: they are the foundation for all the rest of the work. 
The worst possible cost-growth situation occurs when a contractor pursues legal action like a contract appeal or a lawsuit. Care in specification writing is one of the most important measures an engineer can take towards preventing such situations. 
Before you write the specifications, find out all the details you can about what your product should do and what it should not do.  Also find out what materials and methods the manufacturers may use to make the product.  Determine for certain that what you are going to specify is doable.  Armed with good up-front engineering information, you should be able to prepare a good set of specifications and a credible cost estimate. 
While on the topic of cost estimates and cost growth, I should point out that properly preparing a cost estimate is a very important a part of cost-growth prevention.  The reason is simple:  the cost estimate is the baseline.  If you estimate too low, then your cost growth will be that much greater.  Estimates tend to run low because estimators are more likely to overlook some cost elements than they are to include elements that are not really necessary.  The moral is to be thorough and try not to overlook anything. 
[bookmark: Contracts]Contracts
A contract is an agreement between two parties involving the mutual exchange of some things of value, known as "consideration."  Ordinarily it's simply money in exchange for some goods or services, but sometimes it defines a complex set of duties and compensation for both parties.  Such is most often the case in engineering contracts, of which the specifications are the core.  When you write specifications, you must therefore be aware that you are writing a contract, which is subject to a stringent set of concepts and rules.  Consequently, you should keep the following contract fundamentals in mind when drafting your specifications. 
Your contract will be presumed complete at the time of contract award.  If you've inadvertently left something out and want to add it after contract award, you will have to negotiate a supplementary agreement and furnish something, like more money, to your contractor in exchange.  Explicit requirements to agree about something at a later date violate this principle. 
Changes to contracts are never unilateral.  The only exceptions are rare situations in which the Government has to use its sovereign power to respond to an emergency.  Even in those cases, both parties have to sit down later on and agree upon equitable compensation. 
Also presumed upon contract award is the unlikely fact that both parties fully understand and agree upon all the words written in the contract.  The truth with engineering projects is often that neither party fully understands what work has to be done until the work is actually under way.  Only then do myriad details become evident, and only then do we find out that the contractor had interpreted some of our words differently from what we had intended. 
Whose interpretation prevails?  The rule is that the contractor interprets the specifications, as long as the interpretation is reasonable.  The Government is responsible for furnishing sufficiently clear and complete language to evoke the intended understanding in the reader, and the Government is also responsible for any expenses that may be incurred if the contractor does not interpret the specifications as intended. 
By the way, legal authorities like the courts and appeals boards are usually very liberal in deciding whether or not a contractor's interpretation is reasonable.  If there is any way at all to read your words differently from what you intended, then there is a chance that a contractor will choose it and later on require redirection in the form of an engineering change.  Occasionally one will encounter contractors who take full advantage of their power to interpret, as it provides them with more profit than by merely doing it right the first time.  In such cases, there are three elements of cost:  first, doing the work incorrectly, then undoing what was done; and finally, redoing the job correctly. 
[bookmark: oblig]The specifier's authority
Here we have a civics lesson that deals with a topic fundamental to all modern forms of government:  limitations on the authority of officials.  It summarizes the essential difference between writing specifications for public contracts and writing them for private-sector work.  Public policies imposing limitations on the authority of officials were developed in order to prevent the kinds of corruption that prevailed under the feudal system.  Abiding by those policies is among the most fundamental of our responsibilities as government workers. 
As you probably know, the actual authority to obligate the Government contractually is held only by contracting officers, and the actions of those officers are very tightly constrained by extensive regulations.  The work we do as acquisition engineers is actually in support of those contracting officers.  We attend to the complex technical details while they take care of the complex legal and administrative details.  By being delegated such responsibility, we also make a lot of decisions that affect the scope of the work to be done by contractors and the duties that must be performed by the Government. 
Along with this bit of delegated authority come the necessary limitations.  For example, government engineers have authority to specify only minimum, essential, validated requirements.  Such requirements should always be traceable to higher-level documentation, and should always be defensible in concrete terms of need.  That means you can't specify a performance or design feature just because you think it's nice to have or is the latest and greatest thing to come from the vendors. 
There are numerous other limitations on what and how we are authorized to specify.  In general, the following things are forbidden: 
· Specifying a particular vendor's product, 
· specifying the design of a product, 
· specifying things involving the use of ozone-depleting substances, 
· citing military specifications and standards, 
· and specifying personal services. 
Regarding duties that must be performed by the Government, there are often cases where creating Government obligations within the specifications may unnecessarily shift risks back to the Government.  Those are situations we engineers are responsible for avoiding whenever possible.  When we needlessly agree to send equipment or information, or to complete some task on schedule, or make a promise of any kind, we've incurred an obligation, and fallen short of our responsibility. If we don't deliver as promised, the Government will take the blame for missed schedules and cost overruns.  If you intend to make such obligations in your specification or statement of work, be sure that you are truly authorized to do so, and that your contracting officer is made aware of them. 
[bookmark: Constructive_changes]Constructive changes
The term "constructive changes" comes from the legal usage of the word "construction," which pertains to determining the meaning of language.  A constructive change happens when a contractor has read some specifications and decided upon how to comply, and then the customer decides upon a different interpretation, forcing the contractor to change course.  The costs of constructive changes are supposed to be borne by the customer, and are considered valid when submitted as claims. 
[bookmark: Who_is_responsible]Who is responsible for losses from errors in specifications?
When a project goes sour, the most likely thing the contractor's lawyers will do is examine the specifications and find a number of errors and inconsistencies in them that they claim to have mislead their client.  Very few specifications are totally free from such defects.  The party responsible for the losses is then the party who drafted the defective specifications.  Such responsibility is a fundamental principle of law. This should make it immediately clear as to why Government project engineers would be wise to use a Statement of Objectives whenever possible instead of preparing specifications--especially design specifications. 
By the way, private engineering firms who prepare specifications under contract usually put a clause in all their contracts that disclaims responsibility for errors found in their work.  The insurance companies that cover them for professional liability insist upon it. 
[bookmark: sow_spec]Statements of work versus specifications
In a broad sense, statements of work are a form of specifications, and therefore most of this guide is applicable to both.  The distinction is mainly a Government administrative practice. 
Specifications describe goods -- in most cases it's either hardware or software, but it could be other products, like chocolate-chip cookies. Statements of work describe services to be performed. The Government separates the two so it will be easier to enforce the statutory ban on contracting for personal services. Separating the services from the goods also helps to make the specifications more easily re-usable for multiple purchases. 
Though it's sometimes tolerated in practice, statements of work should not contain equipment specifications, and equipment specifications should not contain requirements for contractors to perform services.  If you need to buy both goods and services, then you should prepare both the specifications and a statement of work.  Typically, statements of work that accompany equipment specifications describe supplementary engineering tasks that enhance the quality of the product.  These are the "ilities," configuration management and software engineering requirements that are essential to military items but often absent in the development of commercial products.  In general, we should let the contractor decide what work must be done to produce a product described by specifications, so if there is any doubt, leave it out. 
By the way, a third kind of requirements document, the Statement of Objectives, has recently come on the scene in the Government. 
[bookmark: organ]Organization
The document that defines the proper organization for all armed-forces specifications is MIL-STD-961. For statements of work, use MIL-HDBK-245.  Many other Government agencies use these same standards for guidance, though some have their own standards.  You should have a copy of them, and be familiar with their content. For training device specifications, we usually use Appendix A from MIL-STD-961. 
Specifically to NAWCTSD engineers:  If you don't follow the guidance in the two documents mentioned above, you will have difficulty getting your package through the approval chain.  Also available are boilerplate documents that were prepared as a baseline for writers of new specifications and SOWs. Use the boilerplates, but be careful not to blindly copy paragraphs from them unless you're sure their content is correct and necessary for your application.  On a more practical note, organizing your document according to the prescribed sources makes it easy for experienced readers to find things in your document. 
When you number the paragraphs, be sure to follow the standard outline as closely as you can. You may deviate from the prescribed organization if you have a good reason to do so, but you must conform to the top-level divisions. For example, in a traditional six-part specification, section 1 is always scope and background information, section 2 is always applicable documents, section 3 is always requirements, section 4 always relates to testing and verification, section 5 always relates to packaging and shipping, and section 6 is usually a collection of related information and notes.  Statements of work are the same except that they do not have sections 4 through 6.  Be particularly careful not to state any of your requirements in section 1, since requirements stated there are not necessarily binding. 
Once you've set up a scheme of organization, it's very important to follow it rigorously and not have requirements stated in the wrong places. 
Above all, don't let the standardized outline dominate your own document to the extent that it interferes with clarity and conciseness.  McRobb gives an excellent example of how following a prescribed outline too closely can make a document confusing and difficult to read. 
By the way, some reviewers will pay close attention to the accuracy of your table of contents.  If your document has fewer than five pages, don't include one.  If you have one, make sure it correctly reflects the pagination of the draft you submit for review. 
[bookmark: stds]Citing specifications and standards
Be careful when you cite a published specification or standard. 
1. Cite industry standards, if possible, instead of Government ones. Government specifications and standards are not OK unless you have a properly obtained waiver. There are exceptions to this rule for certain types of Government specifications, and those exceptions are best tracked by checking with the Defense Standardization Program Office's Web site. 
2. Be sure to read the document you're citing, or you may be embarrassed to find that the document and the way you've cited it are not compatible. The classic case is the Federal specification that defined several grades of glass, including a "greenhouse" grade, which could be the poorest quality glass, just as long as it was translucent. Navy training device specifications for many years cited this general glass specification, but did not specify the grade. They said only that all the glass should conform to the Federal specification. I don't know of anyone who got greenhouse glass, but if they did, they would have had to accept it or pay for an engineering change to replace it. 
3. Be sure to check the revision status of each document cited. Citing canceled specifications is unprofessional and costly. 
4. Be aware of the problems inherent in "tiering" . 
[bookmark: pord]Performance or design
Engineering specifications may specify either the performance or the design of the product. This is a distinction used by lawyers and judges in determining who should be held responsible when projects go sour.  Formerly, the distinction was of little interest to working engineers, and many are still not aware of it. Consequently, specifications written by engineers often turn out to be a mixture of both performance and design.  In Government work, the time for such unawareness is over, since all Government systems-level specifications, like the ones we write for Navy training devices, are now required to be performance specifications. Nothing about the policy to use performance specifications is really new; engineering management textbooks from the 1960's, and perhaps even earlier, advise private-sector engineers to confine their specifications to the performance type unless a genuine need exists to do otherwise. This is because performance specifications place the full responsibility on the contractor for proper performance of the purchased goods. 
Whenever we specify design, we are responsible for the resulting performance of the product. If the product fails the acceptance test, and the Government specified some aspect of the design, then the Government may have to accept the product even if it doesn't work right. Consequently, writing design requirements is never advisable unless the specifiers have recent experience at designing a nearly identical item, and fully understand all aspects of the design problem. High-level direction from the Defense Department explicitly forbids the specification of design in Government contracts unless a waiver has been obtained from an authorized official. In Defense work, those officials are known as the "Milestone Decision Authorities." Other federal agencies have similar policies. 
When writing performance requirements, it is especially important that you accompany each requirement by a carefully stated description of the method that will be used to verify correct performance. You must do so to eliminate the possibility of disputes over whether or not the product meets the criteria for acceptability. 
[bookmark: quan]Quantities
Clearly stating the quantities to be supplied is essential. 
You must be careful not to specify "more" of something, or "additional" features without clearly stating how many, or how much. Failure to make the quantities clear often causes disputes. 
Here's a good example of how quantities can be muddled: I once reviewed a draft specification that required "a number one and number two engine mockup." Upon questioning the authors, I was told they really expected to get two mockups, not just one as a contractor could have interpreted.  Had the error gone undetected, correcting it later on would have cost the Government several orders of magnitude more than what it cost to have me sit for weeks like I did examining that set of specifications. 
[bookmark: mable]Verification of requirements
If you can't check it, you can't buy it. 
We must be able to examine, analyze, demonstrate or test what we buy. When you specify something that is not defined well enough to be verified by one of these techniques, the requirement is meaningless to everyone except yourself. Contractors will legitimately argue that the product doesn't need to meet requirements that are meaningful only to the drafter of the specifications. 
Specifications should contain, as well as a statement of each requirement, a corresponding statement of the method by which the fulfillment of the requirement will be verified. Such corresponding statements normally appear in Section 4. of military procurement specifications, and are usually organized in a paragraph structure identical to that of the requirement statements in Section 3. Be as specific as you can when you write them, and remember that the contractor's opinion is the only opinion that matters in deciding whether or not a particular requirement has been met.  State your testing requirement so that the test establishes as fact whether or not the product is working the way you need it to work. The Government's position in disputes over acceptability can rely only on clearly demonstrable facts, not on opinion. 
There is a reason for the procedural element of verification besides the obvious one.  It has to do with the preciseness and descriptiveness of the specification's language, and is based on an important topic in scientific method known as operationalism. 
[bookmark: toler]Tolerances
You must specify tolerances as well as dimensions. This is particularly true of requirements for measurement and alignment. 
Be sure your tolerance requirements are not overly stringent. Unnecessarily tight tolerances usually increase cost. 
[bookmark: warr]Warranties
A warranty makes a promise. It makes the warrantor responsible for the expenses caused if the item is not as good as promised. It is highly desirable to a buyer that the goods carry a warranty ensuring as much as possible about the goods. 
It is not desirable in the least for you to grant a contractor certain types of warranties. These are warranties of: 
1. The correctness, completeness, and suitability of furnished items, and 
1. The suitability of an item for a particular purpose. 
Specification writers need to be aware of how easy it is to inadvertently warrant something in their documents. Merely mentioning an item as a possible design alternative may give a warranty of suitability for the purpose. Merely making a statement of opinion that could be taken as factual might also constitute a warranty. 
It may not matter that an item mentioned is actually able to do the job. If the contractor selects a way to use the item that makes it unsuitable, the Government may be forced to pay the cost of redesign. 
In general, the best way to avoid making unintentional warranties is to confine your specifications to requirement statements. Avoid saying anything else at all. 
[bookmark: nobound]Unbounded requirements
Some things are easy to express in colloquial language, but never actually occur in real life.  It's closely akin to, and perhaps even a special case of, the "totality" problem.  Careful logic just isn't a part of the casual way most of us are accustomed to communicating as we interact with others on a day-to-day basis. Avoiding casualness is one of the greatest challenges in specification writing. 
When we specify something like "to the greatest extent possible" it could be interpreted to mean we expect the contractor to hire the whole human race and put them to work for the duration of the contract. 
This caution applies to all specifications, but be especially careful of this error when you're writing specifications to be used under a time-and-materials or cost reimbursement type of contract. 
[bookmark: gfe]Government Furnished Equipment and Information
Engineers and program managers are advised to avoid these two if at all possible. Here are five reasons why. 
1. The contractor needs to have them on time, and we often have no control over when they are delivered. 
1. The furnished items must be perfect, or the contractor has a valid claim. 
1. If GFE needs repair, the business of getting it fixed is usually very difficult and time consuming. 
1. GFE usually costs a great deal more than equivalent commercial items. 
1. GFI carries an implied warranty as to its correctness. 
Sometimes, however, GFE and GFI are necessary, and sometimes the cost savings they offer are significant. If you can, arrange to have the contractor inspect and accept the GFE and GFI before contract award. 
[bookmark: conflict]Conflicting requirements
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	Considering the size of the specifications for most defense systems, it's no surprise that they sometimes specify things that are mutually exclusive. This type of error usually is made because the document is written in pieces by several people at widely separated times. When the specifications are put together, the conflicting paragraphs may be many pages apart. Finding the conflicts depends on the memory of the reviewer.


To make matters worse, it's possible that seemingly unrelated requirements are mutually exclusive when taken in sets of two, three, four, or more. The only way to avoid such possibilities is to avoid specifying products that stray too far from the performance of known working systems. 
You'll be more likely to find conflicts if you use a word processing program that allows you to handle the whole document as a single file. This word processing feature will allow you to search the whole document on key words and phrases. You will be able to check all mentions of each topic in the document against each other. Sorry, not all word processor programs can handle such big files. 
Some conflicts are subtle and detecting them requires detailed knowledge of the equipment design. In this case, you may be entirely dependent upon goodwill from the contractor. 
[bookmark: impos]Impossibility of performance
Specifications that are not doable are not really specifications; they're science fiction. 
One of your most important responsibilities as a specification writer is making sure that what you've specified can actually be done. Pay careful attention to how your words may be interpreted by someone who is actively looking for ways to take advantage of your mistakes. 
When specifications cannot be met with the expected amount of effort, legal action may be taken by contractors to prove "impossibility of performance" or "commercial impracticability," and thus obtain relief from their contractual obligations. The result is nearly always disastrous. When examined by specially skilled readers, very few documents are found totally free of assertions that may be interpreted as conflicting or mutually exclusive. 
Impossibility of performance is sometimes caused by a lapse in the front-end analysis. 
[bookmark: ag2ag]Agreements-to-agree
A requirement in a specification or SOW to agree about something at a future date often causes trouble. Avoid such provisions whenever possible. 
Agreements-to-agree in specifications usually mean that the writer did not know what to specify or how to specify it. To correct such an error requires revisiting the front-end analysis to fill in the needed information. 
[bookmark: ndi]Commercial and Non-Developmental Items (CANDI)
The terms "Commercial Item" and "Non-developmental Item" are given formal definitions by the Federal Acquisition Regulations.  They are Government jargon for something we can obtain off the shelf.  In short, a Commercial Item is just what its name implies, while a Non-developmental item is something already being made for a government agency, but not necessarily sold to the private sector. The FAR's definitions cover all sorts of details about availability. Those formal definitions supersede all former usage of the terms, as well as the term "Commercial-Off-The-Shelf (COTS), which is still often used erroneously. The terms were formalized in response to complaints from contractors, who had to deal with numerous locally drafted, and often highly restrictive, definitions. 
The need for such terminology arose in the 1980's, when the Government came under fire because the public came to believe we were buying only custom-made products, even when something was already on the market that met the need. The public perception was correct in a few well publicized cases, but probably unfair on the whole, since we've always tried to use off-the-shelf items when we could. In response to such criticism, we are now forbidden to specify newly developed products unless we have thoroughly investigated and have found no other way to satisfy the requirement. 
The existence of commercial and non-developmental items that can do the job should be discovered as a part of the front-end analysis that must be done before the specifications are written. 
Remember, you can run into serious trouble specifying equipment by make and model. Don't do it unless you're sure the CANDI is fit for the application. 
[bookmark: haz]Hazardous materials
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	It's common sense to avoid using hazardous materials whenever possible. Many laws and regulations govern the use and marking of such materials, and there are many reasons why they may be hazardous. Even if no harm may be done by the material itself, designers still care about the cost of obeying all the rules.


MIL-STD-961 tells what you need to do when you specify hazardous materials. 
[bookmark: approv]Approval and authorization
When you approve of something, you're saying that you like it in every way. Contractors may take the "approval" of a part to mean that the approver has warranted it suitable for the application in which they intend to use it. If it turns out that the "approved" part is not suitable, then be prepared to pay for those parts, along with additional labor and material to change to a different part. 
It would be much wiser to AUTHORIZE contractors to use the part if they see fit. Then it remains the contractor's responsibility to decide whether or not the part is suitable. 
This word may also be associated with an "agreement to agree", which is not good contracting practice. 
Also be careful about saying things like "submit for ________ approval," and "will be approved by ______," since the logic of the words does not allow disapproval. 
[bookmark: ko]The Contracting Officer
When you mention a Contracting Officer in specifications or in statements of work, you should be sure to tell your Contracting Officer about it and get permission. Besides common courtesy, there are some good reasons why it is necessary. 
First, mentions of the Contracting Officer may be part of an agreement-to-agree . 
Second, you may be unknowingly assigning a duty that is illegal or against regulations. Acquisition regulations are exceedingly complex and frequently changing. The person to decide how the contractor and the Government will interact must always be a professional contracts specialist who knows the rules and keeps abreast of them. 
[bookmark: cdrl]Data requirements in specifications and SOWs
The only data a contractor is required to deliver is the data specified in the Contract Data Requirements List (CDRL) and described in the Data Item Description (DID) that each CDRL item cites.  Certain other items of administrative data may also be bought, but they are generally not of interest to engineers. According to the Paperwork Reduction Act, Government data requirements that are not stated in the CDRL are not enforceable. Also, data requirements that are not stated in an approved DID are not enforceable. This means you can not specify data in excess of what is described in the DID. 
You may, however, specify a reduction in requirements from those described in the DID. If you intend to do so, you must do it on the form 1423, not in the Statement of Work (SOW) or the Specifications. 
Specifications and SOWs may, however, state requirements that result in the creation of data. Hence the section entitled "Documentation" in some standard specification outlines. 
[bookmark: tpro]Time pressure and professionalism.
If you anticipate difficulty in completing your specifications by the scheduled time, it is your responsibility to notify your supervisor in a timely manner and work together to solve the problem.  It's highly unlikely that you have anything to fear, since in thirty years of working as an engineer, I have never once heard of a case where action was taken against a working-level engineer for finishing something late. As long as you're working hard, the responsibility is on the managers to allocate sufficient time and assign a sufficient workforce to complete the job on time. 
TBD's and authors' notes are not wrong in themselves when found in drafts. But when they are numerous, and are still present when the deadline arrives, they tend to indicate that something is wrong with the way the project is being run. TBD's are not authorized in finished specifications. 
Remember, it's ALWAYS cheaper to do the job right the first time. 
[bookmark: Property_disposal]Property disposal
When writing statements of work, occasionally there is a need to tell the contractor to dispose of something.  This usually happens when equipment is being modified or replaced.  In such cases, you must indicate that the disposal should be done in accordance with all the applicable regulations.  You can't just tell them to throw it out or haul it off.  In general, excess items of any value whatsoever must be turned over to the appropriate property disposal agency, from which it may be sent to some other Government agency to be reutilized, or perhaps sold in a public auction. 
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[bookmark: The_need_for_clarity]The need for clarity
	[image: Puzzld]
	The most obvious reason for writing clear specifications is to ensure that you will inform the contractors' engineers well enough that they can actually produce the product you need.  However, there is another reason why the specifications and statements of work for public contracts must be clear:  fairness to all offerors.


If one offeror happens to have better access to inside information about the work to be done than the others, then vaguely written specifications will give that offeror an unfair advantage over competitors who may be perfectly capable of doing the work, but lack knowledge about some of the details.  The protest that may result from such a situation will take a great deal more time and effort to resolve than you would have to spend sharpening up a vaguely worded document. 
[bookmark: senstr]Sentence structure
Keep your sentences short and simple. It doesn't matter if specifications read like a grade-school textbook. We're not trying for a Pulitzer Prize. 
Many times, I have found sentences so long and complex that the writer became confused, and ended up saying something different from what was intended, or maybe nothing at all . 
I once was asked to examine the specifications for a job where the contractor had submitted a claim. Only one sentence in that lengthy document described the essential function of the equipment. That sentence was so long and complex that its author couldn't see some of his errors in grammar. The errors made the sentence unenforceable. In that situation it was impractical to do much other than pay the contractor's claim, accept the equipment as-built, even though it didn't work right, and fix it ourselves. 
Here's an editing trick that will help you write clearer sentences: When you've written a sentence, read it back to yourself with all the modifiers and subordinate clauses deleted. Read only a short subject, the main verb, and a short object. You'll be surprised at how many long sentences boil down to nonsense. 
[bookmark: grammar]How grammatical errors in specifications are handled
There are three categories of grammatical errors. 
1. Those that don't affect the intelligibility of the sentence. An example would be "Joe ate less doughnuts than John." It should read "fewer doughnuts," but no one can argue about what the writer intended. 
1. Those that make the sentence totally unintelligible. These don't often get past the review cycle, but when they do, the contractor may legitimately ignore them in designing and building the equipment. Usually we're lucky and the contractor tells us about them, and we fix them with an ECP . 
1. Those that leave the sentence somewhat intelligible, but change the meaning of the sentence to something different from what was intended. For example, see the article on restrictive and non-restrictive clauses.  In this case, even a contractor who has a policy of goodwill towards the Government is likely to build equipment to meet the erroneous requirement. Eventually, the error will be discovered, and will be fixed by either an ECP or a modification. The result is cost growth . 
[bookmark: refs]References
Four articles discuss different types of references. 
· References to other documents in the procurement package 
· Cross references to other paragraphs 
· References to specifications and standards 
· Usage of acronyms 
[bookmark: synonym]Elegant variation
You probably have been taught for aesthetic reasons to avoid repeating the same words and phrases. For specification writers, such practice may be disastrous. Forget what your teacher told you; you're not competing for a Pulitzer prize. It is extremely important for clarity, that you refer to things using exactly the same words every time. 
Some good examples of synonymous (or nearly so) terms often erroneously used together in training device specifications are: 
· trainee, student 
· trainer, training device, training system, system, device 
· scenario, exercise, training exercise, script, mission profile. 
If you intend to distinguish between the meanings of terms like these, you must define each term in the document. If you intend no difference in the meaning of two words, use only one of them. 
[bookmark: ambig]Types of ambiguities
Ambiguous sentences can be interpreted to have more than one meaning. Three types of ambiguities are found in sentences. These are: 
· Ambiguous words , 
· Syntactic ambiguities , and 
· Contextual Ambiguities. 
Ellipsis is another related phenomenon of language mentioned in this context because the notion is similar. 
None of these phenomena is acceptable in engineering specifications. You should be aware that some contractors employ skilled analysts whose job is to find ways to interpret your words differently from what you intended. These interpretations may be used as the basis for reducing requirements and for the submission of ECPs and claims. The practice is known in the business as "finding money in the contract." 
[bookmark: total]Totality
Totality is an idea that is easily expressed in words, but very rarely occurs in real life.  We use it whether we really mean it or not. When you use words like: "all," "always," "never," "every," and "none," you may be creating a logical error.  Conflicting requirements often result from totality statements when something else in another sentence makes an exception to the totality. 
Now that you're aware of the totality problem in language, here's a trick you can play on your friends and co-workers:  Listen for them to use the phrase "all the time" in conversation.  When they do, take the statement literally and comment on its illogic.  For example: 
	[image: mary]
	Mary:  "I go to the public library all the time."
You:   "Mary, if you were at the library all the time, then  you wouldn't
            be here in the office right now."


Needless to say, your friends will be impressed with the preciseness of your reasoning.  After doing this awhile, just a snicker will suffice.  Soon you'll find that you have enriched their vocabularies with uncommon words like "often," "usually," and "sometimes." 
[bookmark: virgule]The slash mark "/"
See also "and/or". 
Properly called a "virgule," the slash mark is often found in draft engineering specifications. The purpose of this article is to convince you to never use one in a specification.  In fact, it's not even good form in ordinary writing. 
The dictionary says about the virgule: "an oblique stroke (/) used between two words to show that the appropriate one may be chosen to complete the sense of the text." Please note that it's your contractor who gets to decide which word is proper. Note also that the dictionary tells the contractor to choose just one, not both. 
When we write A/B, we usually mean "either A or B" or "either A or B or both" or "both A and B" or "number of A's divided by number of B's." There's no telling which one. 
In many cases, substituting a hyphen for the slash will fix the problem. For example, we see "instructor/operator" in training device specifications where "instructor-operator" would be more clear. 
In most cases you'll have to write "A or B or both," or whatever you really meant. 
Verb tenses and auxiliary verb usage
When writing specifications we always state requirements in the future tense using the emphatic form "shall." Hence, the finished product SHALL be, SHALL produce, SHALL consume... Government policy on this is stated in MIL-STD-961D. The weaker auxiliary verbs "will," "should" and "may" do not express a requirement. In the case of "will," the sentence places responsibility on the purchaser. "May" grants permission, and "should" states a preference.  "Must" is ambiguous, since it may express a presumption instead of a requirement. For example: 
John must love Deborah; after all, they've been happily married for over twenty years. 
Correct usage of "shall" and "will" in specifications is extremely important, and is a frequent source of errors found in drafts. 
A large number of people think that only sentences containing the word shall can express requirements, and their belief is reinforced by an ANSI/IEEE standard, 830-1984. Some contractors are even using software based on that standard to decompose specifications into a databases of individual requirements. Hence, if your requirement does not contain the word "shall," it will not become an entry in the resulting database of requirements.
[bookmark: roi]Requirements on individuals
The goal in writing engineering specifications is to specify the performance or design of a product. Specifiers should confine themselves to just that. "The operator shall be capable of . . ." does not require that the equipment do anything. It only requires that the operator have an ability. 
In the case of engineering specifications, it is not likely that this is what the writer meant to say. More likely the writer meant "The equipment shall . . , under control by the operator." 
Statements of Work are different. In a SOW, you may specify the skills, abilities and other qualifications that people must have to do the work specified. 
[bookmark: pov]Point-of-view for reviewers of specifications
Catching subtle errors is hard for most specification writers because they read the drafts from their own point of view. This statement may sound like nonsense, but it's not. The idea here is to introduce you to what is known to professional writers as "audience analysis." 
Most engineers presume that the audience for their specifications consists only of other engineers with whom they share similar experience and objectives. Such a view is seriously mistaken, since the audience for specifications includes a very large number of non-engineers as well. Some of those non-engineers may even be lawyers and judges. 
In the case of specifications, a useful form of audience analysis can be applied by role playing. Shift your mental gears into reverse and look at the words you've written as if you were a business owner in dire financial straits. Think as if you've run out of money and are looking for ways to deliver less than what was planned, but still stay within the letter of the contract. If you can't find ways to cut costs on this job, you're going to default on a big loan and be forced into bankruptcy. Everything you own is tied up in the business, and you stand to lose it all because you've underbid. Your objective is to satisfy the letter of contract without satisfying the customer. You know that your customer will think you're a chiseler for delivering less than what was expected, but in this situation a satisfied customer is a luxury you simply can't afford. 
By the way, the act of shifting mental gears as described above is known to people who study critical thinking as "recontextualizing," and is the basis for a whole philosophy known as deconstructionism. 
[bookmark: modmul]Modifiers that apply to two or more nouns
	[image: Dogncat]
	We often get confused when a writer tries to apply a modifier to two or more nouns without writing the modifier twice.


Here's an example: 
The flange shall be fastened by nuts and bolts of stainless steel.
Which is stainless, both the nuts and the bolts, or just the bolts? 
If you get into a dispute over specification requirements that have this kind of an ambiguity, it will probably be settled by applying the modifier only to the noun that appears nearest to the modifier. Unless the context indicates otherwise, cases of confusion like this one are usually resolved by attaching the modifier only to the nearest word that it may modify. Lawyers call this approach to resolving ambiguities "the doctrine of the last antecedent." It is a rule that is easy to run afoul of, especially when the sentence in question is long and complicated. 
[bookmark: essen]Essential and nonessential dependent clauses
See also:  restrictive and nonrestrictive 
The ability to distinguish between essential and nonessential dependent clauses is an extremely important skill for specification writers. When a clause that was intended to be essential is inadvertently written as nonessential, or vice versa, the requirement stated by it may be distorted or lost. The visible difference between the two is nothing more than a comma before the introductory word. The nonessential clause gets the comma. Here is a list of introductory words and phrases that may introduce both essential and nonessential clauses, and therefore require the utmost caution: 
	after
	because
	since
	which

	as
	before
	so that
	while

	as if
	by which
	to which
	who

	as though
	for which
	unless
	whom

	as soon as
	if
	when
	whose

	at which
	in order that
	where
	 


[bookmark: conj]Multiple conjunctions
When you write sentences with two or more conjunctions, you risk producing an ambiguity. For example, 
The flange shall be fastened by gluing and clamping or riveting.
could mean "gluing and clamping or riveting" or it could mean "gluing and clamping or riveting," with the bold characters added for clarity. Unfortunately, English does not provide us with a means of declaring the order of application of its logical operators the way computer languages do. The burden of resolving the confusion of precedence is placed on the writer, who must find a different way of expressing the idea without ambiguity. In the above case try 
"The flange shall be fastened either by gluing and clamping or by riveting."
[bookmark: person]Specifications in the third person
Normally we write specifications so that they always refer to the third person. Forcing your writing into the third person is difficult, and often makes the sentences difficult to read. It runs contrary to the advice of modern writing teachers who are trying to reform us, and is also contrary to the advice of the Construction Specifications Institute. BUT, the rest of the world is expecting to see specifications written in the third person, and writing them otherwise is inviting criticism. Hence, using the words "I," "we" and "you" is frowned upon. 
If you MUST refer to the first or second person, be sure you define the meaning of the pronouns, and use them only as defined. 
[bookmark: Lists]Lists 
Whenever you compose a list in the text of your specifications, you should take pains to make it complete and easy to read, and that its elements all consist of parallel parts of speech. 
Completeness of lists 
Take the time to think of everything you could possibly want to include in your list.  Generally speaking, the best policy for specification writers to follow is "If you don't mention a thing explicitly, then don't expect to get it."  Adding generalized list elements, like "and others," "and the like," or the words "not limited to" will probably not get you something you haven't mentioned explicitly.  Generalized list elements add little meaning to the text, and can often be ignored by readers.  If you must use generalized terms, then use them alone and unaccompanied by specific items.  By mentioning one thing explicitly, you may be excluding others.  So often and for so many years has this method of interpretation been used that lawyers have a Latin name for it:  "Expressio unis est exclusio alterius," which means "to say one thing is to exclude the other."  Sometimes generalized list elements are subject to interpretation according to another legal canon known as "ejusdem generis," which limits the unwritten elements to members of the same family.  For example, the list "resistors, capacitors, inductors and other components" could be interpreted as not applying to transistors, since transistors are active components and all the listed components are passive. 
Readability of lists 
When the elements of a list become numerous, the visual clutter of the text makes it difficult to read, and readers are therefore likely to miss one or more of the elements.  This human-factors problem is easily solved by listing the elements vertically with bullets or subparagraph labels and separated by blank lines.  For example: 
Temperature-rise specifications shall apply to 
a. resistors, 
b. capacitors, 
c. inductors, and 
d. transistors.
As a rule, indented lists are always preferred in technical documentation. 
Parallelism in lists 
The elements of each list should all be the same part of speech.  For example, the list: 
a. safety, 
b. rowboats, 
c. resuscitate, and 
d. life preservers 
is incorrect because "resuscitate" is a verb and all the other three elements are nouns.  This list's elements should have been all nouns. 


[bookmark: usewords]Usage of words and phrases
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[bookmark: fect]"Affect" and "effect"
"Affect" is ALWAYS a verb, meaning either "to influence" or "to pretend to have or feel." 
"Effect" is nearly always a noun meaning "result" or "consequence." It is sometimes used in formal writing as a verb to mean "to bring about" or "to make happen." 
"Effective" is an adjective whose meaning is rarely clear. 
[bookmark: and_or]"And/or"
This use of the virgule is particularly confusing. It leaves the reader free to choose whether the sentence ought to read "and" or to read "or," whichever reading is cheapest to satisfy. Because of the confusion and expense that may result from the use of this phrase, don't use it in specifications and statements of work. 
[bookmark: any]"Any"
"Any" is an ambiguous word . Writers may intend it to denote "plurality" and readers may interpret it to denote "oneness." Also, when "any" is used to describe the selection of items from a set, it's the reader who selects, not the writer. Which, and how many items the readers select depends upon their point of view. 
In the specifications we've reviewed, nearly all sentences containing "any" needed to be rewritten to avoid possible misunderstandings. A good way of testing is to substitute "any old" for "any." If the meaning changes, the sentence needs to be rewritten. 
To correctly rewrite sentences with "any," it may be necessary to first make a Venn diagram of the situation to be described. Check it carefully. Then assemble words that describe your diagram. Don't use the word "any." 
"ANY OR ALL" means readers may choose any item(s) (they choose which and how many) OR all of them, whichever they prefer. If you have used this phrase, you probably meant "each," "every," or "each and every," which is a phrase of emphasis often used by lawyers. "Each," "every" or "all" nearly always does the job perfectly well on its own. 
Here are some examples of misused "anys": 
· "Any voids greater than 1 mm across shall be filled." This requirement says that some voids greater than 1 mm, but not necessarily all of them, must be found and filled. 
· "There shall be less than 10 mV of error measurable between any two of the three test points." Here the specification says that if the tester finds one of the measurements yielding less than 10 mV, the equipment passes the test. 
Now that you know just how slippery "any" is, you must be wondering how you're going to express yourself without using it. Don't feel alone. Your formerly liberal use of the word "any" is an expression of your American origin. 
Some words and phrases to keep in mind when rewriting are: "each," "every," "one," "sets formed of combinations," and "sets formed of combinations with replacement." Often the word "any" may be simply deleted without affecting the intended meaning of the text, as in example (1). For example (2) try "each pair among" in place of "any two of." 
[bookmark: asamin]"As a minimum" and "not limited to"
These phrases serve no purpose other than to give the specification writer a false sense of security. Don't use them in specifications. You must clearly spell out all requirements in full. If you don't know what is required, the front-end work needs to be revisited. 
Buying from the low bidder, no reasonable person can expect to get more than the absolute minimum required by the contract. What sense does it make then, to say "We'd like more, but we're only paying for..."? 
Lawyers often use the phrase "not limited to" in an attempt to dodge a rule of interpretation known as "expressio unis est exclusio alterius," which means "the mention of one thing is the exclusion of the other."  This maneuver doesn't always work for lawyers, and is even less likely to work for engineers. 
[bookmark: aswell]"As well as"
We often use the phrase "as well as" in ordinary writing to avoid monotonous repetition of "and." In most cases, our ideas are conveyed very well by such usage. In specifications, however, we must bear in mind that we have readers who are trying very hard to keep down the cost of doing exactly, to the letter, what we've told them to do. 
When we tell such a reader to do task "A" as well as task "B," we haven't explicitly required tasks "A" and "B" to be done; we've required only that both be done equally well. 
[bookmark: bcause]"Because"
Be very careful how you use "because" in specifications. Specifications specify; they do not explain. Explaining may needlessly provide grounds for disputes, as in the "reflectivity" case. 
Furthermore, the word "because" may introduce both essential and nonessential subordinate clauses. Many readers and writers are not equipped to distinguish between the two. Here's an example: 
"The fasteners shall not be sandblasted because of corrosion."
Does the sentence mean "Corrosion shall not constitute reason to sandblast the fasteners," or does it mean "The fasteners shall not be sandblasted since sandblasting them may cause corrosion"? Which did the writer intend? The way it is punctuated requires that we accept the first interpretation, regardless of the meaning intended by the writer. 
[bookmark: cap]"Capable"
	[image: Capable]
See?...It doesn't require that you actually make the thing work underwater, it only requires that you make it capable of working underwater.
	Remove the word "capable" from your specification vocabulary. 
When you use "capable" to describe equipment, you're not specifying that the equipment be delivered ready to do the job. To do the job it may need other equipment that is not furnished, or it may need to be modified . 
In short, when you use the insidious word "capable" in specifications, you will be unwittingly specifying the need for an ECP .


The fact that we often have equipment delivered that actually does things that were specified only as capabilities is evidence of the goodwill of our contractors . 
[bookmark: unword]Coined words
While it's OK to coin words when you're writing literature, or even when you're writing memos and reports, it's not OK in engineering specifications. 
A fine example of this is the word "vendorized." This coined word was used by a spare-parts specialist when referring to parts that are nearly identical to regular commercial items, but have been slightly modified and given a new part number by a systems integration firm. Its meaning is not obvious from its construction. Even when used in context, and the reader knows it modifies the word "parts," the meaning is elusive. 
[bookmark: compr]"Comprise"
The word "comprise" is nearly always misused. The phrase "is comprised of" is often seen in engineers' writing, but is logically incorrect. 
Comprise means to include or contain: The whole comprises the parts. The training device comprises the instructor station, the student stations, and the computer system. Instead of tackling this commonly misused word, I recommend that you use "consist," which is nearly always used correctly. 
[bookmark: crit]"Critical"
The word "critical," which is very often used by engineers, is likely to cause trouble because it is both vague and ambiguous . Here are a few of its definitions: 
· Prone to criticize, 
· Relating to a turning point, 
· Uncertain, and 
· Able to sustain a chain reaction. 
If you must use the word "critical," be sure that the sentence can not be interpreted two or more ways by choosing different definitions. Also, be sure that, within the scope of 2. or 3., you haven't allowed the reader to decide what your product is supposed to be. 
[bookmark: desig]"Designed to"
You'd be better off to specify that the equipment actually "shall DO" whatever you need it to do or "shall BE" what you need it to be. A contractor can reason that, since your spec has numerous cases of "shall be X" and "shall Y," you meant something different in the few instances where you said "shall be designed to Z." 
A few phrases you might use in your rewrite are "designed and built to," "designed, built, and installed to," "built to," and "equipped to." 
[bookmark: sure]"Ensure," "insure" and "assure"
Ensure means to make sure or certain or to guarantee. 
Insure is ambiguous. Use it only when you mean "to issue or procure an insurance policy." Make it clear from the context that an insurance policy is what you're writing about. 
Assure means to declare earnestly.  
The salesman assured us that the car had been owned by a little old lady who drove it only to church on Sundays. 
[bookmark: etc]"Etc."
The abbreviation "etc." is short for "et cetera," which is Latin for "and others" or "and the rest." Its use is inappropriate in specifications because contractors are not required to deliver things that are not specifically mentioned. This means that you must take the time to figure out everything you need to specify, and then spell it out completely. 
[bookmark: forbid]Forbidden words and phrases
This is our rogues' gallery for specification words. These words and phrases are more trouble than they're worth.  Use your word processor to search them out and destroy them. They are: 
· And/or 
· Etc. 
· Up to 
· Capable 
[bookmark: host]"Host"
There may be some confusion as to what is meant by this word since it usually means someone who pays all of the bills for a social event. Try "meeting held at the contractor's plant and chaired by the contractor" or "meeting held at the equipment site and chaired by the Government" or something similar. That way it's not ambiguous . 
[bookmark: includ]"Include"
This ambiguous word could mean "consists of" or it could mean "contains as a subset." 
Remember, it's the contractor who has the authority to interpret our specifications. Even though you meant "contains as a subset," the contractor may interpret what you wrote as "consists of" and be entirely correct as far as the law is concerned. The result is that you get only the items you spelled out in the list that follows "including." 
Even if you add "not limited to," you haven't solved your problem. The same goes for "as a minimum". You must explicitly state the requirements or they are not enforceable. 
To reword, sometimes you can fix this one by using the words "be equipped with," "consist of," or "have." Be careful of "comprise". 
[bookmark: limit]"Limited"
Make another jump for advice on: 
· "Limited" in general 
· "Not limited to" 
[bookmark: milspk]Military jargon
Military terms are not a problem in themselves. The problem is with certain words that have a different meaning in military usage from what they normally have in formal English. 
Here are some examples. 
"Operational" usually means "working," but in the military it denotes military operations involving troops and equipment. 
"Activity" usually means the state of being active, but in the military it sometimes means an organized group of people. 
[bookmark: Minimum]Minimum
There are two types of error likely when one sees the word "minimum" used in specifications. 
The first occurs when the writer says something like "The wire shall have a minimum ampacity of 20 Amperes." The logic of such a statement is ambiguous:  it could mean the ampacity shall be no less than 20 Amperes, or it could mean the ampacity of the wire shall not be greater than 20 Amperes. 
The other case is when the word appears in the phrase "as a minimum." 
[bookmark: or]"Or"
The simple word "or" is the most often misused word in drafts of engineering specifications. About 50% of the time when the word "or" is used, the author really intended the word "and." 
Remember, "or" may be read in its strictest logical sense, meaning one item OR the other, not both. The English language doesn't distinguish between inclusive and exclusive "or" as we do in logic design, so in specifications, "or" is taken in the sense that is cheapest to comply with. 
Whenever you swap an "or" for an "and" while reworking a sentence, be careful to recheck the meaning of the whole sentence after the swap. Make sure that it says exactly what you want it to. 
Be especially careful of sentences that contain more than one conjunction. Multiple conjunctions are a common source of ambiguity. 
[bookmark: upto]"Up to"
"Up to" is a particularly troublesome phrase in specifications. It can be interpreted three ways, depending on one's point of view. 
· It may mean "all numbers from the specified minimum to the specified number." This is what engineers usually intend when they write "up to." 
· It may mean "a single number between the specified minimum and the specified maximum, but not more." This is the way the contractor's attorney will interpret your spec. 
· In vendors' specifications it often means "sometimes as great as, but not necessarily." They're hoping you'll think they intended "all numbers from the specified minimum to the specified number," and buy their product without testing it. 
Avoid confusion. Write "no less than" or "from ___ to ___." Never write "up to." Be wary when you read "up to" in a vendor's specification. 
[bookmark: which]Usage of "which" and "that" in specs
If you've used "which" to introduce a relative clause, and you want the clause to be an essential part of a requirement, use "that" instead of "which."
"Which" may introduce either an essential or a nonessential clause. In the case of nonessential clauses, "which" must be preceded by a comma. Many writers fail to provide the necessary comma, and consequently, there are often disputes over whether or not a particular "which" clause was intended to be essential or nonessential.
Clauses introduced by "that" are always essential to the meaning of the sentence, and are not preceded by a comma unless the comma serves another purpose. To avoid confusion, avoid using "which" whenever "that" would fit.
You may use ", which" to introduce a relative clause stating a fact that is not essential to the meaning of the sentence, but such cases should not occur often in specs. Specifications specify; they do not explain. For an explanation of why specifications should not try to explain, read the article on contextual ambiguity, which presents an example where the writer intended to explain, but succeeded only in confusing.
When "which" is used, its preceding comma is the only indicator of whether the writer intended the clause to be essential or nonessential. In specs, avoid using "which" whenever possible. Otherwise, a comma, or lack thereof, is all you may have speaking on your behalf.
Here's a sentence with a nonessential relative clause introduced by "which":
The compressor shall be driven by a 12-inch pulley, which is dynamically balanced.
In this case, the pulley is not required to be dynamically balanced. The clause ", which is dynamically balanced" merely states the writer's opinion that 12-inch pulleys are dynamically balanced. Changing ", which" to "that" yields a sentence clearly requiring that the pulley be dynamically balanced:
The compressor shall be driven by a 12-inch pulley that is dynamically balanced.
The clause ", which shall be dynamically balanced" would clearly state the requirement also.
Avoid confusion. Write "no less than" or "from ___ to ___." Never write "up to." Be wary when you read "up to" in a vendor's specification.
[bookmark: vads]Vague adjectives and adverbs
Remember, you are writing specifications. The words you use will have a great deal of influence on the finished product. You are directing the work of a large number of people. Individuals may have differing opinions of what the product should be. If you use words that allow a broad range of interpretation, you may be in for an unpleasant surprise when it's time for inspection. 
Because they may be interpreted however the reader sees fit, such words, unless accompanied by additional details, may actually be meaningless in the context of specifications. Sometimes standardization brings meaning to them. For example, a large egg must be within certain limits of size or US Department of Agriculture regulations say it can't be called "large." On the other hand, the size of a large ice cream cone may differ from vendor to vendor. 
Listed below are some vague adjectives and adverbs that have been found in draft specifications. There are many, many more of them in the English language. 

	about
	acceptable
	accurate
	adequate

	adjustable
	affordable
	applicable
	appropriate

	average
	better
	careful
	deep

	dependable
	desirable
	easy
	economical

	efficient
	essential
	excessive
	good

	high
	quality
	immediately
	improper

	instant
	insufficient
	known
	less

	low
	major
	neat
	necessary

	normal
	optimum
	other
	periodically

	pleasing
	possible
	practicable
	practical

	proper
	quick
	reasonable
	recognized

	relevant
	reputable
	safe
	secure

	significant
	similar
	simple
	smooth

	stable
	substantial
	sufficient
	suitable

	temporary
	timely
	typical
	variable

	various
	wide
	worse
	 


[bookmark: legal]Words with legal meanings different from common usage
These words are special cases of ambiguous words - words with more than one meaning. You must be especially careful how you use them because your documents may be read by a someone who seeks to take advantage of them. Here's a list of a few: 
· consideration 
· cause 
· substantive 
· cure 
· material (as an adjective) 
· harmless 
· several 


[bookmark: related]Related Topics - Specification Writing Guide

	If you have read the previous sections of this guide you will have already encountered the following articles. These articles are accessible via secondary links embedded throughout the various sections of this guide.

	1. Restrictive and nonrestrictive dependent clauses 
2. Chains of prepositional phrases 
3. The Paperwork Reduction Act 
4. Other deliverable data 
5. Fairness to competing vendors 
6. Paragraph cross reference 
7. Acronyms 
8. Warranting fitness for a purpose 
9. Ambiguous words 
10. Contextual ambiguity 
11. Syntactic ambiguities 
12. Punctuation to resolve ambiguities 
13. "Front end" work 
14. Ellipsis 
15. Specifying by make and model number 
16. Tiering of specifications 
17. Government specifications and standards 
	18. How to avoid citing military specifications or standards 
19. Industry standards 
20. Canceled specifications 
21. Performance specifications 
22. Design specifications 
23. Government policy on industry standards and performance specifications 
24. Getting your specifications approved for release 
25. statements_of_objectives 
26. Referring to other documents in the RFP 
27. Personal services 
28. Pronoun references 
29. Waivers 
30. Operationalism 
31. Deconstructionism 
32. Gender specificity 
33. bureaucratic_prose 
34. Doing it right the first time 



[bookmark: restr]Restrictive and nonrestrictive dependent clauses
When referring to clauses, the terms "essential" and "nonessential" are interchangeable with the more commonly used terms "restrictive" and "nonrestrictive." We have used the terms "essential" and "nonessential" for most of this text because they seem to express the distinction more simply. 
An essential clause is essential to the meaning of the entire sentence. If you take away an essential dependent clause, the main meaning of the sentence is altered. Doing so to a nonessential clause, while removing information, does not change the core meaning of the sentence. 
Whenever someone says that a knowledge of grammar is not needed in order to accurately express meaning, the distinction between restrictive and nonrestrictive clauses is sure to be mentioned in the argument that ensues. If you wish to be a credible writer, you must master this distinction. 
[bookmark: conpp]Chains of prepositional phrases
When you write a sentence containing a series of prepositional phrases all in a row, you are running a risk of creating a syntactic ambiguity.   The most common textbook example is "He saw the man on the hill with the telescope." 
An example that hits closer to home was found in an actual statement of work: "The instructional materials shall be prepared for use by Navy instructors."  Who was supposed to prepare the materials, the contractor or the instructors? 
Granted, sentences with nested modifiers are often necessary in specifications, but when you need to use one, be careful. Pay attention to which word each phrase modifies. By some stretch of your imagination, if it possible for a reader to attach one of the phrases to a different word than the one you intended, then you must restructure the sentence. Remember, your readers may be very creative. 
[bookmark: pw_reduc]The Paperwork Reduction Act
The Paperwork Reduction Act requires that all Government data purchases be overseen by the Office of Management and the Budget (OMB). This oversight is implemented in practice by OMB's placement of authorization numbers on documents they have authorized for data purchases. In order to handle the volume of purchases done by the armed forces, a standard set of Data Item Descriptions (DIDs) has been authorized by OMB, and the DID numbers they bear are the OMB authorization numbers. Hence, only the data requirements explicitly stated in the DIDs are authorized. You may not expand the scope of a DID, but you may tailor the DID's requirements by deleting items from it. Specifications for data that do not appear on the authorized DIDs are unenforceable because they do not bear an officially assigned OMB authorization number. 
By the way, the official status of the DID numbers is why we don't put them in our specifications or SOWs. Policies on this matter appear to differ from one purchasing agency to another. However, if one were to read the language of the Act itself, it would be quite clear that the authorization numbers belong only on the DIDs and on the DD 1423 forms that cite the DIDs. 
[bookmark: detail1]Other deliverable data
Certain other data items are also deliverable in addition to those items specified in the CDRL. They are items deliverable under contract clauses of part 52 of the FAR, the DoD FAR Supplement, and NARSUP which may be made a part of the contract. See also Data requirements in specifications and SOWs. 
[bookmark: fair]Fairness to competing vendors
Being fair to all vendors is important for three reasons.  The most obvious when we are writing specifications for a public contract is that everyone has a right to be treated equally by government.  Requiring one vendor's product to the exclusion of others would serve to deny the others an opportunity to benefit by receiving the order.  The remaining two reasons apply to private business transactions as well as public ones.  First, it's good business to encourage competition; without it we pay higher prices.  Second, having several independent sources for a given product ensures a reliable supply of needed goods, and often permits larger quantities to be obtained on short notice. 
[bookmark: xrefs]Paragraph cross references
Paragraph cross-references cite other paragraphs within their own document. Such citations are highly prone to error. It is not unusual for a reviewer to find a reference either to the wrong paragraph, or to a paragraph that doesn't exist. Two ways to avoid making such errors are: 
· Use a really good word processor that keeps cross- references up to date automatically. 
· Hold your cross-references to a minimum. 
[bookmark: acro]Acronyms
Acronyms are words like RADAR and SNAFU, which are made from the initial characters of an often repeated phrase. Usually they are capitalized, but in the case of radar and snafu, they have become so widely used that they have been demoted to the status of ordinary English words. When the initial characters don't form a word, they are more properly called "initialisms," but for engineering purposes they're the same. If you're reading this, the chances are that you're quite familiar with the engineering profession's love affair with acronyms.
The standard way of defining acronyms is to capitalize the words they represent, and then follow those words by the acronym enclosed in parentheses.
Acronyms make documents hard to read, since the readers often have to stop and refresh their memory of what some of the acronyms mean. When the document is only a page or two long, it's easy to scan backwards and find the places in the text where the acronyms are defined. In a hundred-paged document, it's not so easy, and it sometimes takes a reader hours of searching to find just one definition.
The ways to avoid this problem are to avoid using acronyms, especially ones that are project-specific, and to put a glossary of acronyms in your document. Make the glossary easy to find, and make sure each acronym is defined. 
[bookmark: wsuit]Warranting fitness for a purpose
When the Government warrants the fitness of something, contractors may rely upon the Government's word in preparing their bids. They are not expected to find out whether or not the Government engineer's opinion is correct. 
When the cost of doing the job is greater than estimated because the warranted item is unsuitable, the Government may have to pay all of the contractor's added costs to use a replacement item. 
[bookmark: ambw]Ambiguous words
	[image: Brass]
	These are words that may have more than one meaning. Most English words have multiple meanings. In normal reading we usually can tell from the context which meaning was intended. We really get in trouble when someone goes looking for ways to misinterpret our words. 
An example of an ambiguous word is "run," which could have any of 67 different meanings. 


The ambiguous words "any" and "include" are so often misused by engineers that they deserve special articles of their own in this knowledge base. 
Adjusting your point of view will help you catch ambiguities. 
Oh, by the way, you structural engineers, do you know what buildings often have foundations on their second floors?   Look at the last page for the answer.

[bookmark: conamb]Contextual ambiguity
	[image: Chicken]
	Sometimes we find a sentence that has no ambiguous words and can be reasonably diagrammed in only one way, but still leaves its reader confused about its meaning. Consider the sentence: 
All surfaces... shall be painted white to increase reflectivity.
Does it mean "paint all surfaces white"? Or does it mean "determine which surfaces have lower reflectivity than white paint, and then paint them white"? We know from other sources that the writer really wanted all surfaces painted.


The infinitive phrase, "to increase reflectivity," was added to explain the specifier's general intentions. In addition, it gave the reader two ways to interpret the words. 
Generally speaking, it is unwise to make explanatory statements in specifications. They tend to cause results like the example. The example sentence is taken from a real case. The Government won, partly because the contractor did not have data to prove that some of the surfaces were already more reflective than white paint. Even though the Government won, the dispute caused time and labor to be wasted. 
The only way you can avoid making errors of this type is by adjusting your point of view and playing "what-ifs" in your head when you read the text. The ability to catch conceptual errors in specifications and foresee their possible effects comes with many years of experience. 
[bookmark: synamb]Syntactic ambiguities
This type of ambiguity occurs when there are two or more ways to read the structure of a sentence. Take, for example: 
Flying aircraft may be hazardous.
This is an often-used example, and is attributed to a famous linguist named Noam Chomsky. Does it mean the act of flying may be hazardous? Perhaps it means that airplanes themselves may be hazardous. Maybe it means they're hazardous only when in flight. Regardless, it cannot be resolved from the content of the sentence since "flying" may act as a noun, an adjective, or a verb. Things your English professor called "misplaced and dangling modifiers" also cause syntactic ambiguities. In spoken English, ambiguities are resolved by raising the pitch of a word. The rise in pitch is called intonation. If you need to add intonation to a sentence to make the meaning clear, the sentence most likely has an ambiguity. 
Other types of syntactic ambiguities happen when pronouns aren't clearly tied to a single noun phrase, in strings of prepositional phrases and in sentences with multiple conjunctions . Sometimes syntactic ambiguities can be resolved by punctuating the sentence correctly. 
[bookmark: punct]Punctuation to resolve ambiguities
Hyphens tie together chains of words that serve as units, usually adjectival phrases. Most engineers tend to neglect hyphens when they are needed. 
Commas sometimes play a syntactic role in grouping clauses to indicate their effectivity. For example: 
"The flange shall be fastened by three round-head screws, three flat-head screws, and three fillister-head screws all of grade eight."
means you've specified that three of the screws must be of grade eight. 
If you add a comma before "all," then you've specified nine grade-eight screws. 
A comma preceding a dependent clause often indicates whether or not the writer intends the clause to be essential to the meaning of the sentence. In such cases, the presence of a comma may change a firm requirement into a mere statement of fact . Note well: commas in specifications demand extreme care. 
[bookmark: fend]"Front end" work
Before you specify something, you must know what is really needed, and whether or not building it is commercially practicable. Supposedly, a great deal of front-end work has been done before you were assigned to write the specifications. We know, however, that sometimes requirements are overlooked or misidentified during these early phases of the project, and the errors may impact the project in its later phases.  Such is quite likely, since keeping track of numerous requirements can be very difficult.  Large projects often collect their requirements in a database to help them cope with the very large number of requirements. 
We have ways to protect ourselves from errors in requirements. These are to make sure that the end user reads, understands, and approves of the specifications, and that the specifications are checked by knowledgeable technical staff people before they are released. 
Remember, competent professionals know the limits of their own technical knowledge. They are never hesitant to seek help from other professionals with different specialties. That's teamwork. 
[bookmark: parana][bookmark: ellip]Ellipsis
When speaking in English, we often leave out a word or short phrase without interfering with the understanding of cooperative listeners. This practice is also permissible in casual written English. We say the missing words are "understood." 
When reading specifications, however, nothing is understood. Readers are not necessarily cooperative, and may actually be looking for a way to rationalize failure on their part to deliver acceptable goods. 
Examine your sentences for cases where words are "understood" and insert the missing words where they belong. 
Example: 
"The generator shall supply the processor with 10.5 amperes and the batteries 8.5 amperes."
A "Shall supply" has been left out, and it is not clear whether the understood phrase belongs after "and" or after "batteries." The resulting statement is ambiguous. 
[bookmark: make]Specifying by make and model number
You should be very careful about specifying equipment by make and model number. 
The practice is not considered proper in public contracts since it is unfair to competing vendors. You can't put yourself in the position of deciding what offeror gets the subcontract for an item. If you say "or equal" you've passed that wicket, but you're stuck with someone else's idea of equality.  If you can define what you mean by "equal" in terms of the salient features that are needed for your application, then, if you're brave, go ahead. 
-- BUT!!! 
If the item you're specifying is a part, and not the whole product, you're warranting the specified part as suitable for the purpose . If the part needs to be integrated with other equipment, and the contractor unknowingly integrates it in a way that the resulting system doesn't meet specifications, then you can expect an ECP or a claim . 
[bookmark: tier]Tiering of specifications
This term describes the way specifications cite other specifications, which cite other specifications, ... ad nauseam. 
For the practical specification writer, this has three consequences. 
· When you cite a specification or standard, you may actually be citing a lengthy and voluminous chain of documents. 
· Some of them may be obsolete or canceled. 
· There may be requirements in them that you are not aware of that have a bearing on your product. They could cause impossibility of performance . 
· Policies vary about putting a statement in your specification limiting the effectivity of documents below a certain tier. Find out what current policy governs tiering under your specification and follow it. 
[bookmark: govdoc]Government specifications and standards
The Government specifications and standards contain a very large and valuable body of knowledge about a wide variety of topics. Several series of documents are in this group. They are the Military Specifications, the Military Standards, the Federal Specifications, the Qualified Products Lists, the Military Handbooks, the DOD-adopted Industry Standards, and the International Standards.
The official source of DoD specifications and standards is the Acquisition Streamlining and Standardization Information System (ASSIST). Thousands of documents are listed in the ASSIST. They cover nearly all types of supplies and services that the U. S. Government buys. The documents in ASSIST can be downloaded for free. Paper and CD-ROM versions are also available for free via the ASSIST Shopping Wizard.
It is worth your while to find out what existing documents relate to the item you want to specify, and read them. You will probably learn a great deal, and be better able to write your own specifications. Citing Government specifications is no longer as easy as it used to be: to do so in most cases, Government engineers will first need to obtain a waiver. Usually it is easier to work around the need for a waiver than to obtain one. 
[bookmark: avoid]How to avoid citing military specifications or standards
The easiest way to avoid citing a military specification is to go look up the specification you wish to cite, read it carefully, and then decide whether you really need to cite the specification in whole. If your real need can be boiled down to a few pages or less, then just copy that part of the specification's text into your own document. You are perfectly free to do so, since Government specifications and standards are in the public domain and not subject to copyright protection. Experience has shown that nearly all citations of military specifications can be eliminated by this method, and that the sections you need to copy usually amount to no more than a few lines of text. 
In cases where the above method does not work, you will have to go hunting for an industry standard that will suffice. Initially, when the new policy on industry standards was first adopted, the search for such substitutes was often futile, since many of the foundation military standards were in wide use as industry's standards as well. Why not? The Government paid the cost of developing them, they were well done and they were not copyrighted! However, in the interest of doing the right thing, many of them have been canceled. Some standards were converted to handbooks, like MIL-STD-454, one of the best sources of information on the design of electronic equipment. Still, some important documents were canceled outright without replacements. Private enterprise has since filled the void in most cases with new industry standards, many of which unfortunately carry hefty price tags. Often these new standards are patterned very closely after their public-domain military predecessors. One example is EIA/IEEE J-STD-016-1995, which is almost a verbatim copy of canceled MIL-STD-498. The same information used to be free, but now it costs over $150 per copy. Citing it is still free. 
[bookmark: indstd]Industry standards
DoD has directed their engineers to cite industry standards rather than Government standards whenever it is possible. Beginning in 1995, projects wishing to cite military specifications and standards have to obtain waivers. 
This policy is based on the common-sense premise that industry-standard materials, like aluminum alloys for example, are easier to obtain and less costly than government-standard ones. We also know that routine industrial processes are usually the cheapest and most efficient. Pursuant to this policy, many industry-standard documents have been officially adopted by DoD, and can be easily obtained by armed-services personnel from the DoD Single Stock Point (DODSSP). The words "DoD-adopted" mean that the Defense Department has pre-paid the royalties for all the copies that their people need to make. 
Copyrighted industry standards, on the other hand, are not as easy to obtain as the public-domain standards issued by the U.S. Government, since the sources are diverse, and the price per copy may be quite high. Furthermore, working engineers usually have no time to place orders and wait for their standards to arrive: they need the documents right away. If you find yourself in such a situation, my suggestion is that you check one of the larger public libraries, which often have information-retrieval systems equipped with images of the standards you seek stored either on microfilm or CD-ROM. 
[bookmark: canc]Canceled specifications
You can check for canceled specifications by looking up each cited specification in the DODISS or in the NSSN page on the World-Wide Web. The index is updated each month. Several such commercial services are offered, including a few that are published on CD-ROM. 
When a specification is canceled, manufacturers stop making products that meet it. I once reviewed a sizable claim filed by a contractor because one of our engineers had specified a type of material that was no longer in production since its military specification had been canceled. We could have avoided the claim by looking up the MIL-spec the first time the contractor's people drew our attention to their difficulties in obtaining the material, and then participating in a decision about what kind of industry-standard cable the contract could substitute. The cancellation notice would have made clear the futility of pressing the contractor to use the specified material. 
[bookmark: performance]Performance specifications
Performance specifications say what the product must do or what end result will be produced. 
Be careful when you see or hear the word "performance," because it's used in two senses in this context.  The first sense is the one we've been using here, meaning performance of the product.  The other sense means performance of a person or company:  that's the sense intended when lawyers talk about "impossibility of performance."  In statements of work, the two are usually the same, but in product specifications there may be a difference. 
By the way, SD-15 is a good guide on how to write performance requirements. 
[bookmark: design]Design specifications
Design specifications state what materials or methods must be used, or tell the contractor how to go about doing the work. 
All it takes to turn an otherwise performance-type specification into a design specification is ONE design requirement. 
[bookmark: perf_policy]Government policy on industry standards and performance specifications
The preference for performance specifications over design specifications was set forth in the Federal Acquisition Streamlining Act of 1994. Various agencies have adopted their own policies in compliance with the Act. The Act itself permits design specifications to be used in some cases by saying ". . .to the maximum extent practicable." 
The Defense Department took a very stringent approach to compliance by forbidding design specifications unless special, high-level authorization is first obtained. This approach rescinded the authority of nearly all officials to decide upon what was "practicable." The document that imposed this restriction, known as the "Perry Memo," also imposed similar restrictions on citing military specifications and standards. Both of these restrictions were absolutely necessary, since a DoD policy to use performance specifications and industry standards had been in effect for many years, but had been largely ignored in practice. 
DO NOT presume that the Government's act of constraining you to write only performance specifications has relieved you of the responsibility for fully understanding the design of products that may meet your specifications.  To the contrary, the constraint requires you to be familiar with a much broader range of possible design alternatives, along with their relative advantages and disadvantages. 
[bookmark: spec_approval]Getting your specifications approved for release
Review cycles for outgoing documents are a standard practice in all well run organizations, both public and private. 
Many people are very sensitive about having their writing criticized, and engineers are no exception.  The important thing to remember in dealing with all the criticism your specifications will bring is that you are writing on behalf of the Government, and they really aren't YOUR specifications.  Consequently, they have to represent a consensus of the opinions held by all the officials affected by them.  Consider the changes the reviewers request to be their best professional advice on how to deal with matters in which they specialize.  If they catch errors in spelling or grammar, be especially thankful, since releasing a document containing such errors would cause your audience to doubt your authoritativeness. 
[bookmark: statements_of_objectives]Statements of Objectives
The directives permitting the use of Statements Of Objectives (SOOs) rather than specifications and statements of work have had a dramatic influence on the speed with which projects have been gotten under contract in recent years.  The documents themselves consist of a very general statement of what the Government needs.  They provide guidelines so that the contractors, instead of the Government, may develop the specifications and statements of work that become incorporated in the contract.  When the SOO method is used, the Government is delegating the task of specification writing to the offerors.  One might think such an approach would eliminate the need for the Government to employ as many engineers as specification writers, and one might also think that this very guide would become obsolete.  However, such is not the case.  Those who used to be writers are now critics and editors, since it has become more important than ever to do a thorough job of checking the resulting specifications and statements of work. 
Detailed instructions on how to prepare SOOs is given in MIL-HDBK-245D. Additional guidance on preparing SOOs is also available in the NAWCTSD Acquisition Guide. 
[bookmark: pckage]Referring to other documents in the RFP
The important thing is consistency. When you refer to the Statement of Work, the Contract, or the CDRL, it is extremely important that you check them to make sure they say what you think they say. 
Since these documents are often revised during the review cycle, you should go back and check all the cross-references just prior to release of the package. 
[bookmark: pers_serv]Personal services
	[image: personal]
	The words "personal services" ordinarily refer to things done by businesses for individuals. We often see them in ads for banks, hairdressers, car dealers and the like. However, this is NOT what those words usually mean when they appear in laws or regulations. Instead, they refer to the types of services ordinarily expected by employers of employees, which require the physical presence of the workers and not just the production of completed work products. By the way, there are several (pun intended) other terms you'll see in acquisition work that likewise may have special legal meanings.


There is a long-standing public policy that personal services are to be obtained in accordance with applicable personnel procedures and not by contract. Generally speaking, personal services are those rendered under supervision by their recipient, often with the use of the recipient's facilities or equipment. Hence, a farmer who contracts with a group of laborers to harvest the crop in his field with his equipment, while he supervises, is actually hiring employees to perform personal services, and not really contracting for the work.  
The Government's ban on personal-services contracts was instituted for two reasons:  first to ensure that inherently governmental functions are done only by Government workers, and second to maintain Congressional control over the personnel ceilings. Guidance in deciding whether or not a service is personal or non-personal can be found in FAR 37.104. 
While the private sector has not been quite so discriminating about categories of service labor in the past, eventually the tax regulations may force private firms into specifying labor in a similar manner to the way it's done by the Government. The reason is that many firms have taken to calling their workers "subcontractors" in order to avoid paying payroll taxes. In many cases, such firms have been told that their so-called subcontractors are actually employees because they were performing personal services. 
[bookmark: pro]Pronoun references
The words "it," "they," "them," and "their" are hazardous. When a pronoun is preceded by more than one noun phrase, people may argue over which noun phrase the pronoun refers to. 
Consider the following example taken from a SOW. 
Prior to accepting software or documentation developed by subcontractors, the Contractor shall evaluate them for completeness, technical adequacy, and compliance with Government contract requirements.
What is to be evaluated? Is it the products, or is it the subcontractors? 
Note that pronouns often refer to nouns in preceding sentences. Check a few sentences to the left of each pronoun for nouns that the pronoun may refer to. 
[bookmark: waivers]Waivers
Waivers to specify design or to cite Government standards are ordinarily obtained from the Milestone Decision Authority by program managers as part of the approval of their Acquisition Plan.  Those who prepare Acquisition Plans should solicit inputs from Engineering regarding whatever waivers will be necessary in the course of their project. 
[bookmark: operationalism]Operationalism
The practice of using physical operations to define obscure phenomena was introduced in the late 1920s by the Nobel laureate physicist P.W. Bridgman, who was faced with difficulties in communicating scientific concepts to his students and colleagues.  The history of science in the decades that followed indicates that Bridgman's method was extremely successful.  The doctrine of operationalism has been applied in many other fields of science, particularly in the social sciences, where notions are hard to quantify and research findings are often subject to dispute. 
The essence of Bridgman's teaching was that actions speak more clearly than words, and that the only way to be sure of communicating an idea was by couching it in terms of a procedure that one can actually perform.  For example, the operational definition of a cake is its recipe.  Another good example was given by the psychologist E.G. Boring when he offered the definition of human intelligence:  "Intelligence is what intelligence tests test."  In both cases, a precise definition is provided by indication a procedure by which the phenomenon can be demonstrated.  Note that neither is a definition in the sense that one normally thinks of definitions.  In this context, ordinary definitions are called "conceptual" definitions to distinguish them from operational definitions.  An operational definition may not be very useful in the usual sense, but when it comes time to gather data or make consistent decisions based on an observations, an operational definition is absolutely essential. 
In the field of engineering, design specifications are prone to be operational definitions by their very nature.  This may be seen in the operational definition given above for the cake, since a recipe is a perfect example of a design specification.  Performance specifications are not necessarily operational unless they contain a test method description for each performance requirement.  Hence, the test method descriptions communicate precise criteria for acceptance more clearly than the statements of requirements do by themselves. 
[bookmark: deconstruct]Deconstructionism
There is a whole philosophy based on the notion of finding alternate interpretations of peoples' words.  It belongs under the more general topic of "postmodernism," and its originator is a French philosopher named Jacques Derrida.  Derrida seems to believe that all communication is impossible because the meaning of every text is dependent on the context in which it is interpreted.  He seems to take joy in picking apart the works of other authors by looking for things in their writings that can be interpreted differently from what was intended.  Typically, he and his followers seek to reveal what they think are sinister uses of language by those in power to maintain their dominance.  Like Marxism, deconstructionism is a philosophy for the disaffected. 
Many people at major universities, accomplished as they were in their educational endeavors, embraced deconstructionism during the 1980's, and it reigned for several years as a dominant force influencing many who teach our impressionable young people.  In the late 80's and early 90's many of the academic mailing lists on the Internet were abuzz with lengthy and often incomprehensible messages written by deconstructionists, preaching doctrine from Jacques Derrida and Michel Foucault, his colleague. 
A simple example of deconstructionist behavior happened several years ago when someone posted a message to the technical writers' mailing list, TECHWR-L, containing the familiar quotation from Thoreau, "The mass of men lead lives of quiet desperation."  The quotation was attacked by a feminist deconstructionist in words like: "I can see that your real intention was to say that most women lead lives of noisy elation."  Nonsense, yes, but it illustrates what people may do with your words.  In this case the reader took advantage of the writer's unintentional gender-specific wording to twist the interpretation of his intent.  With engineering specifications, a deconstructionist would probably be angling for constructive changes, knowing that the customer would be forced to correct an obviously wrong interpretation. 
[bookmark: _Hlt447952154]What appears to have been the decisive battle against radical postmodern theorists, including deconstructionists, was fought very cleverly by a physicist named Alan Sokal on the pages of two academic journals.  It has become known as the "Sokal Affair," and you may find it interesting to read about. 
Why have I gone to such lengths at discussing a topic only indirectly related to specifications?  I want to make sure you are aware that there are a lot more people than most of us engineers realize who are highly skilled and eager to misinterpret the things we write.  There are two names for them:  deconstructionists and lawyers. 
[bookmark: gender]Gender specificity
It pays to make all the things you write gender-neutral.  Avoid words like "man," "he," "him," and  "his," which might indicate that you haven't considered that the person involved might be a woman.  Instead, use "person," "they," "them," and "their," and refer to people by their currently correct job titles like "firefighter" and "server" instead of the obsolete "fireman" and "waiter." 
[bookmark: bureaucratic_prose]Bureaucratic prose
You write with ease to show your breeding, 
but easy writing's curst hard reading. 
Richard B. Sheridan,
(1751-1816) 
Bureaucratic prose is a holdover from the 18th century, and the Government has been trying for many years to put an end to it.  It is stuffy and impersonal; it uses needlessly difficult language and is often written in the passive voice.  These traits are so distracting that readers have a hard time staying focused on important things the writers have to say.  Often, people who read a document written in bureaucratic prose end up knowing very little about the document's content.  No wonder, then, that important laws and regulations are sometimes inadvertently violated. 
Take the time to go over your drafts, looking for ways to say the same thing in fewer words, simpler words, and shorter sentences.  The labor will pay off in terms of fewer misunderstandings and less chance of constructive changes. 
For some good guidance on how to avoid writing typical bureaucratic prose, visit the Plain Language Action Network's (PLAN) Web site.  Note that guidance given on the PLAN Web site is intended primarily for those who work in Government regulatory agencies, and presents ways of improving the readability of regulations and letters that must be understood by the public.  There are some notable differences between what is presented on the PLAN site and what we must do when we write specifications to be read by contractors.  For example, correct usage of the words "shall" and "will" is still necessary in specifications, despite PLAN's advice to use "must."  Nonetheless, the PLAN site is a very good source on how to improve your writing. 
[bookmark: do_it_right]Doing it right the first time
I chose these exact words because they echo a slogan created by Phil Crosby, the well known quality-management authority.  Crosby has written several excellent books and made a fortune teaching managers the very same principles upon which this guide is based. 
By the way, the Government has recently taken steps to solve the problem of having contractors increase their profits by exploiting unclear specifications and thereby generating a need for rework.  This has come in the form of contractor performance evaluations prepared by Government workers and used as determining factors in decisions about future contract awards. 
[bookmark: ods]

[bookmark: grammarcheck]Grammar Review

For most of us, the word "grammar" evokes painful memories of tedious exercises done many years ago while we were sitting on a hard seat and eagerly awaiting the bell. The subject matter is forgotten, and all we remember is the pain. 
Unfortunately, grammar is a foundation for further learning. Without it we would have no terms in which to describe and discuss language, and that's why this section has been included. 
I shall try to cover the topic as quickly and painlessly as possible while nonetheless conveying an explanation of all the grammatical terms used elsewhere in this guide. We'll briefly cover only the topics you need right now. Consequently, I have left out a great deal of information that you may wish to review in your pursuit of better writing skills. For that information, you may refer to Web pages posted by some genuine English teachers:
· http://www.ucl.ac.uk/internet-grammar/intro/intro.htm 
· http://www.edunet.com/english/grammar/index.html 
In the way of a warning, real grammarians may have fits over some of the things I've said below. That's because I've ruthlessly simplified a topic that properly should consume many megabytes of disk storage, and could take years to master.

[bookmark: part]To begin, we review the main parts of speech:
Nouns and related types of words,
verbs and their helpers,
prepositions, and
conjunctions.
Then we finish up with a few words about clauses. 
If you've followed all the links and understood it all, then you've had enough grammar. Go back to learning about specifications. That's imperative!

[bookmark: nouns]The noun family
A noun is the name of a person, a place, a thing or an idea. Nouns have properties, like:
case (nominative, objective or possessive),
number (singular or plural),
gender (masculine, feminine, or neuter), and
countability (mass or countable).
[bookmark: pronouns]Pronouns, like it, she and they take the place of a noun so you don't have to repeat the whole noun or noun phrase. The relative pronouns, which, that, and who perform the special function of introducing relative clauses.
[bookmark: function_words]By the way, words that perform special functions like relative pronouns are often called function words by modern grammarians. The function words are the very core of the English language; to them we attribute the fact that Lewis Carroll's famous line:
'Twas brillig and the slithy toves did gyre and gimble in the wabe.
is obviously an English sentence, even though it makes little sense.
[bookmark: adjectives]Adjectives, like slow, modify nouns. Adjectives, in turn, may be modified by adverbs like painfully. More about adverbs in a few minutes.
Articles, like the and an alert readers to the fact that that a noun follows. Sometimes they're called determiners.
When nouns are grouped with their associated articles, adjectives, and modifying clauses, the combination is sometimes called a noun phrase.
[bookmark: noun_sandwiches]Often found in technical English are strings of nouns grouped together, like software life cycle model. I don't know the formal grammatical term for such constructions, but in technical writing texts they're often called noun sandwiches. Thank goodness we don't have to write our specifications in German, because in German the noun sandwiches are more like noun sausages, all strung together into one great big word, like datenverarbeitungstechnik.

[bookmark: verbs]The verb family
Verbs are action words. Two good examples are go and write. 
This is a good time to mention that a given word in English often may appear in some places performing one function and in other places performing another. An example would be the word paint, which can function as either a noun or a verb. 
You should paint your house every five years.
Sally sells paint and varnish.
Now back to verbs. Verbs are often made up of a main verb plus one or more adjoining words known as auxiliary verbs, or simply auxiliaries. They help to convey the author's intended properties of the verb, like:
tense (the time when the action occurs),
mode or mood (a very complex property that affects the manner in which the verb is applied), and
voice (the party who performs the act or the one on whom the act is performed).
There are numerous tenses in English, but the one we use almost exclusively in specifications is the future tense. Thank goodness I don't have to cover the topic of English tenses: it's a dilly!
[bookmark: mode]Mode in specifications is a slightly more complicated and very relevant topic. The main subdivisions of mode in English are the indicative and imperative. There's also another, called subjunctive, but it's so rarely used correctly these days that we could safely say it's no longer a part of the language. Here's an example of verbs in the imperative mode:
Go to the store and get me a loaf of bread.
Simply stated, imperative verbs are commands. Nearly all other verbs are indicative.
[bookmark: voice]The voice of a verb is either active or passive. Active voice is straightforward:
Deborah bought a loaf of bread at the store.
First the actor, then the verb, and then the object acted upon.
Passive voice reverses this order:
A loaf of bread was bought at the store by Deborah.
Note that I could very well have left "by Deborah" off the end of the passive-voice sentence.
Writing in passive voice has two effects: 
· It puts the object of the action up front where it gets special attention. We do this often in specifications because the emphasis in specifications belongs on the product we're trying to describe.
· It subordinates or eliminates the mention of who performs the act. For this reason, bureaucrats often couch their statements in the passive voice in order to downplay their responsibility. In specifications, it permits us to leave off endless repetitions of "by the contractor."
All of the above are accomplished by the addition of auxiliary verbs, which can also serve to shade the meaning of verbs. Preceding a verb with a modal auxiliary like shall, will, should, may, might, ought, and so on changes the way in which the verb behaves. For example, correct usage of shall and will in specifications is crucial: it determines which party, the contractor or the Government, is responsible for fulfilling the requirement.
[bookmark: adverb]The category "adverb" is a catch-all for words that don't fit very well in any other category. Most of them modify verbs or adjectives, and most are formed by adding "ly" to an adjective, but some of them are harder to describe. The word "just" in the next example is such an adverb, and it seems to modify either the verb "works," or the preposition "like," but I would refer you to a genuine grammarian for an explanation of exactly how it operates.

[bookmark: Prepositions]Prepositions
Prepositions are function words used in front of noun phrases to express relationships. Most of them are very short words. For example:
John works in a cubicle, just like Dilbert.
Phrases formed by prepositions and their adjacent noun phrase are called prepositional phrases, and they act as modifiers. They often appear chained together, as in
He saw the man on the hill with the telescope.

[bookmark: conjunctions]Conjunctions
Conjunctions are words like and, or, and but that tie things together. Coordinating conjunctions tie together words or clauses of equal rank. They correspond to the logical operators, and perform a similar function. Therefore they must be used very carefully in specifications. Subordinating conjunctions tie dependent clauses to main clauses.

[bookmark: Sentences]Clauses
Having already said a little bit about sentences written in active and passive voices, the clause is the only notion about sentences that's necessary to explain here. Clauses are either independent or dependent. For example, in
John gained weight while he was eating his breakfasts at restaurants.
the independent clause is "John gained weight," because it can stand on its own and expresses a complete thought.
The remainder of the sentence is a dependent clause, since no one would say such a thing unless it were part of another sentence. The subordinating conjunction "while" indicates that it's not a complete thought, so even though it contains a complete sentence, it's not an independent clause. In this case, the dependent clause acts as a modifier to the verb "gained."
Subordinate clauses can be either essential or nonessential. Another pair of terms for the same notion is restrictive and nonrestrictive. A restrictive dependent clause changes the meaning of the independent clause, while a nonrestrictive clause does not. The difference between the two is often indicated only by the presence of a comma. For example,
David has not seen Mary since she dyed her hair.
means something totally different from 
David has not seen Mary, since she dyed her hair.
David's and Mary's problems are trivial in comparison to the havoc that this linguistic phenomenon can play on your specifications.


	[bookmark: departmentstore]
DEPARTMENT STORES,
of course!
This is a fine example of a word with two meanings, isn't it? A great deal of humor is based on ambiguities. We can guarantee, however, that no one will laugh (publicly, that is) about ambiguities in your specifications.
	[image: found4]
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A SPOTTED DOG AND CAT RAN ACROSS THE LAWN.
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