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Thank you for inviting me here this afternoon to speak as a part of your Systems Engineering Design Colloquium.  I understand that the theme for these talks is “Systems Engineering Beyond Graduation”.  With that in mind, what I’d like to say to you this afternoon has to do mostly with how you can find the information you need once you’ve graduated and left UVA.  Along the way I’ll point out some useful resources and try to answer any questions you may have.  You can, by the way, use these resources while you are still students here as well.
For the past four years you’ve been living in an “Information Paradise”.  You’ve had at your finger tips all the resources of a 5-million volume library system plus online access to tens of millions of journal articles, technical reports, reference books, videos, music and web pages—all of it available 24/7 and seemingly for free.
I say “seemingly” because much of it is actually not really free.  You pay tuition and fees, of course, and part of that goes to support the library.  The University and the state also provide a lot of money to allow the library to purchase the books and journals and access to other materials that you use as students.  You almost never have to think about paying for any of the information you use while you’re a UVA student—but somewhere, somehow, somebody does pay for it all.
Once you’re out in The Real World, though, a lot of this “free” access will vanish.  And in many cases you may have limited or no access to some of the information you need, either because the provider of the information won’t supply to you, or because you are unwilling to pay for it, or because you aren’t physically close enough to make use of it, or simply because you don’t know where to look for it—or even if it exists.
What are you going to do?

Well (he said, tongue-in-cheek) you could become a librarian.  Then you would be fully trained in how to locate and obtain all kinds of information.  But seriously, obtaining a masters degree in library or information science as an adjunct to your engineering degree might be something you’d want to explore.  There is, in fact, a demand for librarians, information scientists and computer specialists with science and engineering backgrounds and experience, irrespective of how much such training might help you with your own information needs.  For example, a graduate of the UVA Systems Engineering Department is currently working in Alderman Library on a major database and automation project of worldwide scope and high potential for impact—an example of how someone applied his engineering degree to the field of library science.  Many libraries and information providers today are looking for similarly trained individuals to help them with their increasingly complex data processing and computer management needs.  Just something to think about as you go about your job hunting…
Or (he continued, also tongue-in-cheek) you could marry a librarian.  Then you’d have all the information seeking knowledge and skills right there in the family without having to obtain an MLS degree yourself.

But to return to reality, most of you will find the above options neither very practical nor desirable for various reasons—so you will need to educate yourself in how to identify and obtain the information you’re going to need, as well as utilizing some of the other options that I’m going to talk about in the rest of this presentation.

If you haven’t already noticed, I’ve mentioned the words “library” and “librarian” twelve times since I’ve been talking.  Although I’m obviously somewhat biased in my viewpoint regarding libraries and librarians, I have good reason to be.  Your future success in obtaining the information you need to do your best work may depend in large measure on how well you utilize the services of libraries and librarians.  It is not a complete stretch of credibility to say that in some cases lives could depend upon how well you are able to use libraries to find the information you need to do your jobs—just look at engineering-related aspects of the Hurricane Katrina disaster and its subsequent relief efforts.  Or think about the design issues involved in creating an intersection between two busy highways.  Or ponder how to minimize the response time of police and rescue workers responding to 911 calls.
A lot of your future access to information will depend on where you live and who you work for.  If you are fortunate to live in or near a large city, the chances are good that there will be several fine libraries there.

They may be public libraries; they may be college or university libraries; they may even be specialized corporate or private libraries.  But whatever type of libraries you have available to you, go visit them.  Introduce yourself.  Learn about their collections and services and what their policies are for serving members of the community such as yourself.  Then, when the time comes that you’re desperate for that binary phase diagram or the equation for the standard lognormal distribution, you’ll know where to go and who to ask for help.  And they will know who you are, too.
Most importantly, get to know the reference librarians in the libraries you visit regularly.  Take some time to introduce yourself and chat a bit about what you do and the kinds of information you usually need and use.  Over time, get to know the librarians as persons in addition to their professional role—and share with them things you like to do outside your work.  By and large, librarians are a friendly bunch of folks who thrive on being helpful to their clients—but like everyone else, they are more likely to go out of their way in times of emergency for persons they know as individuals rather than simply some frantic nobody who just dashed in off the street.  And even if no emergency ever arises, you still will have made some nice friends in a new town!
Obviously, public libraries by their very nature are available to you as a citizen of the city in which you live and work.  But also by virtue of the fact that they must appeal to a wide cross section of the population they serve, public libraries may not always provide the depth of technical information you will need as a practicing engineer unless you are visiting the very largest of them, e.g. the New York Public Library.  They may be able to borrow things from other libraries on interlibrary loan—and they may even be willing to buy things that you suggest for their collections, but these activities take time.  For more immediate needs, you should probably turn to your local college and university libraries, if you have one nearby.
A majority of college and university libraries likely make their collections and many of their online services available to non-student members of the communities in which they are located, as long as you are willing to visit them in person.  Some won’t, but most do.  The UVA libraries, for example, are available to any citizen of the Commonwealth of Virginia.  Such persons can generally borrow books, visit our reading rooms, and use our online resources from within any of the physical libraries on Grounds.  They do not have off-Grounds access to our journal article databases and full-text online services, but by and large the Virginia public, if they are willing to come to Charlottesville and visit the library in person, can use any of our resources.  So wherever you find yourself after graduation, check with the colleges and universities near you to see what privileges you may have in terms of making use of their collections and online resources.  And be sure not to overlook your local community college, which may have more technical materials in its library collection than the local public library.
What if you don’t live in a big city after graduation?  If this is the case, then your options become more limited and you may need to be more creative in solving your information needs.  First of all, find out where the nearest public library to you is located and visit it.  Again, get to know the staff and find out what they are able and willing to do for you.  There will almost always be at least one library in whatever county you live in.  Such libraries are often part of larger groups or consortia of libraries which share resources.  And almost all libraries of any size can provide interlibrary loan services.  But a key thing for you is learning what kinds of reference services they are able to provide.  And you may need to “educate” the local librarians about your own needs and places they can go for the information you require, for in small public libraries the staff is rarely likely to have much science or engineering experience.

Corporate and private libraries are another story, however.  Generally speaking, their use is restricted to employees of the company or to members of the group that sponsors the library.  Sometimes, other persons can gain limited access with prior permission, but you can’t count on that.  If there are such libraries in your area, check with their librarians to see what their policies are.  You may get lucky.  And if you are unsure what libraries exist in your vicinity, check with your local public library.  They will either know or have the resources available to help you find out.
Some of you, many perhaps, will be fortunate to go to work for companies large enough to have corporate libraries.  If this is the case, you may find that you’ve left one island of Information Paradise and landed on another one.  Corporate librarians are among the most talented and savvy of all, and they are used to working under pressure and tight time constraints.  Thousands and even millions of dollars sometimes ride on the outcomes of research projects, and corporate librarians will move heaven and earth to find what you need to complete your projects and proposals.  Time is money to a big company—and the librarians will do whatever it takes to help the company be successful.  But once again, like human beings everywhere, corporate librarians appreciate kindness and thanks.  Get to know them and let them get to know you.  Treat them fairly and praise them for what they do for you and you will find your life in the Big Corporation will go much more smoothly!
Okay, so you weren’t able to land that job with Hewlett Packard, Microsoft, or the Ford Motor Corporation.  You’re in a local firm of consulting engineers in a small community in southwest Virginia or some other state.  What now?  Now it becomes more important for you to take charge of your own information future.  You will need to become familiar with the tools and resources available to you in whatever situation you find yourself.  Educating yourself in this way is time well spent, for knowing where and how to obtain the information you need to do your best work paves the way to advancement and success in your job.
With any luck you have a small library of essential reference tools right there in your firm.  If nothing else, you may have your UVA textbooks.  And if you are a savvy information user yourself, you may be able to convince your firm to establish a small but pertinent collection of reference resources you and your colleagues can refer to as needed.  And if the firm won’t spring for it, you can—and should—build up your own personal library of essential materials.  Your success as both an information gatherer and a professional engineer is in your own hands.
But sometimes you will need other things.  The principal thing you probably WON’T have readily available once you leave UVA is online access to the full text of journal articles.  The commercial journal publishers simply don’t make this content available for free.  You may be able to find out that an article exists, but unless you can visit a library that has access to it, or unless you are willing to pay for a copy of the article, you will often not be able to read the full text online as you can here at UVA.

The exception to this is the so-called open access journals, in which authors publish free or nearly-free articles that you can access via the Internet.  There is a directory of open-access journals at http://www.doaj.org/ which you can use to identify OA journals in your area of interest.  Another large list of OA journals is available from the University of Colorado Libraries at http://ucblibraries.colorado.edu/dean/peer_reviewed.htm  
Again, some of the apparently “free” resources you often use here at UVA that aren’t really free and aren’t likely to be readily available to you in The Real World are the many online journal indexes such as Ei Compendex, Inspec, IEEE Xplore and the various Cambridge Scientific Abstracts (CSA) databases.  Can anything else replace them?  Perhaps not completely, but you do have some reasonable options, depending on your subject interests.  For biomedical engineering topics PubMed (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed ) is definitely an option.  For transportation-related topics the web version of TRIS (http://199.79.179.82/sundev/search.cfm ) is an extensive listing that’s freely available.  The NASA Astrophysics Data System (http://adswww.harvard.edu/ ) contains many articles of possible interest to aerospace engineers.  Others include the DOE Information Bridge (http://www.osti.gov/bridge/ ), STINET (http://stinet.dtic.mil/ ), the EPA (http://www.epa.gov/) and a host of others listed at http://www.library.ucsb.edu/istl/01-winter/internet.html 
Even though you may not be able to see the full content of a commercial publisher’s journals, you often can still find out at least about the existence of an article you may want to read.  Then, if you have time and you’ve got a good relationship with your nearby local library, you can ask them to order a copy of the article for you on interlibrary loan.  Be aware that out in The Real World this may involve paying a fee, especially if the library knows you are requesting the material for commercial rather than personal reasons.  Once you know about an article, another option might be to go to the nearest university that has a subscription and read the item there.  In any case, once you know the publisher of a particular journal of interest, you can visit their web site and usually be able to search for citations within their publications, even if you can’t read the full article online.  For example, the Scirus search engine (http://www.scirus.com/srsapp/ ) indexes content from the Elsevier group of publishers.  Most other major publishers have similar capabilities.
Note, too, that most major journal publishers these days have free or nearly free alerting services.  You can sign up to have tables of contents or information about new articles on specific topics E-mailed to you on a regular basis.  This is a useful and inexpensive way to keep up with new information appearing in areas of interest—but you will still have to make other arrangements to read the full content of any of the articles themselves.  See http://ieeexplore.ieee.org/xpl/tocalerts_signup.jsp for one example of such a service.  There are many others.
Be aware that many professional engineering societies are also book and journal publishers.  Most of them have online “book stores” through which you can search for items of interest.  If you find something interesting to you, you can order it and have it sent to you.  If you are a member of a particular society that provides such a service, you will often receive a discount on any items you buy from the society.  It often pays to belong to the professional society in your area of interest—not only in terms of buying society-sponsored books and journals but also in terms of keeping current with what’s happening in your field of interest.  Here are examples of online book stores for the American Society of Mechanical Engineers  (http://www.asme.org/catalog/ ) and the American Institute of Chemical Engineers (http://www.aiche.org/publications/ ).
For books you can, of course, also make use of online booksellers such as Amazon, Barnes and Noble, and Borders.  Specialty bookstores, such as Powell’s Technical Books (http://www.powells.com/technicalbooks ) are another excellent possibility.  These resources would be especially useful for identifying and obtaining current materials.  These vendors often offer brief excerpts from their books to help you decide if you want to buy a copy.  For older materials or comprehensive research you could also try the online catalogs of any of several major libraries specializing in engineering subject matter or that have extensive engineering collections.  In general, the online catalogs of most libraries are freely available for searching.  Good ones for engineering might include the Canada Institute for Scientific and Technical Information Catalogue (http://cat.cisti.nrc.ca/ ), the Linda Hall Library of Science, Engineering and Technology ( http://www.lhl.lib.mo.us/ ) and, of course, the Library of Congress (http://catalog.loc.gov/ ).  The online catalogs of major universities such as UVA and VPI are also always options.
A relatively new way to search for books is called the Open Worldcat Program.  This is a somewhat scaled back version of the full Worldcat service you have access to here at UVA. Open Worldcat takes the library catalog information for participating libraries and allows you to search that information using a Google or Yahoo! search.  When the search results are returned, you see a link to the library’s actual catalog, where you can go to find out more about the book and whether it’s currently checked out.  You can also query the system as to what libraries near you own the book.  (http://www.oclc.org/worldcat/open/tryit/default.htm)  Another similar service is called RedLightGreen, provided by a nonprofit membership corporation of universities, national libraries, archives, and other institutions with remarkable collections for research and learning.  It is located at http://www.redlightgreen.com/ .
Other things you may want to consider are listservs, newsgroups, blogs, RSS feeds and similar “current awareness” services.  Subscribing to any of these in the areas of your interest will help you stay current with news and trends in that field.  And, if it is an interactive resource, you will be able to ask questions of the other members of the group, if you are having trouble finding a resource or the answer to a particular question.  Use your favorite search engine to locate these kinds of resources in your areas of interest.

It’s been said that the largest producer of scientific and engineering information in the United States is the U.S. federal government.  The various branches of the federal government sponsor large amounts of research and every year produce thousands of reports and documents relating to that research.  Much of it is freely available, often over the internet, but also in the depository libraries of many major universities.  UVA is a depository library, for example.  And not only does it collect U.S. documents, it also collects many technical documents produced by foreign governments and international governmental agencies, as well as state and local documents for Virginia.  You can make good use of all of these resources and the reference expertise of the staff who work in the Government Information Resources section of Alderman Library.  Once you leave UVA, you may discover similar depository libraries in whatever city you move to.  These libraries will also have skilled staff available to help you navigate the maze of federal, state, and international publishing.  To find out what things the government makes available over the internet, go to Science.gov (http://www.science.gov/) which now indexes over 47 million government produced web pages, or visit the web sites of particular agencies that produce information in your field of interest, e.g. the Environmental Protection Agency (http://www.epa.gov/ ).
Another good reason to be conversant with the federal government’s web pages are that you will often be dealing with projects that will require you to adhere strictly to federal guidelines and regulations regarding safety, employment, procurement and standards.  A special section of Science.gov is devoted to just these sorts of things.  (http://www.science.gov/search/regulations.html)  A similar resource exists for the even more arcane world of military standards and specifications.  It’s called DODSSP or The Department of Defense Single Stock Point for Military Specifications, Standards and Related Publications.  (http://dodssp.daps.dla.mil/ )
Still another resource available to you is the United States Patent and Trademark Office database.  If you work for a business or corporation that is inventing new products, you will need to be certain that you are not infringing upon any existing patents.  Chances are, there will be corporate lawyers and staff who will largely handle this process—but you can still benefit by learning to search the USPTO database yourself and studying the processes and devices described therein.  (http://www.uspto.gov/patft/index.html) Similar services exist for most major foreign countries whose governments issue patents.
Many government agencies and most large companies all produce technical reports.  So do many academic departments and institutes.  These are essentially research papers on narrowly focused topics of use or interest to the group responsible for them.  Technical reports written for commercial businesses are usually proprietary and almost impossible to locate and obtain outside the company.  But you can find many other kinds of tech reports on the internet, depending on the subject matter.  The world of computer science produces lots of them and they are relatively well organized and findable.  An example is The Collection of Computer Science Bibliographies (http://liinwww.ira.uka.de/bibliography/Techreports/index.html ) And the National Technical Information Service or NTIS is a good resource for government-funded technical research.  (http://www.ntis.gov/ )  There are many other similar resources.

Some of you may find yourselves working for the military, either as a member of the armed forces or as a civilian contractor doing work for the military.  If this is the case, the chances are that you will have access to most of the classified or proprietary information you need.  But in some cases you may find it helpful to scan the military literature for information that would be useful to you in other settings.  Although much military information is classified, there is a large amount of freely available material as well.  There are a couple of military search engines out there (e.g. http://www.searchmil.com/ and http://www.defenselink.mil/search/ and http://www.military.com/ ) but each branch of the service maintains its own search capabilities as well, so you may want to drill down to one of them, if you are looking for something specific.  The Department of Homeland Security is another site that could be of interest (http://www.dhs.gov/dhspublic/ ).
Finally, there is the web itself.  You’ve probably been to enough library orientation sessions to know two things already:  not everything is available on the web, and Google is not necessarily the best—and certainly isn’t the only—place to search for web-based information.  There is a lot of proprietary information available within companies and research organizations that, for obvious reasons, never finds its way into Google and other search engines.  The specific content of many books, particularly reference books, is usually not available on the web without paying a subscription fee.  The abstracts of journal articles may be available via Google or another search engine, but the full text of the articles can only be had at a library or after paying a fee.  The main thing to remember is that if you are trying to be thorough in your information searching, you cannot do just a Google search and assume you have found all there is to find.
As for the search engines themselves, if you do use Google, its Advanced Search Screen will often help you pinpoint needed information more easily and quickly than the simple search box on Google’s initial screen.  You can easily limit your searching to academic sites or professional organization sites and cut out much of the junk a simple search typically returns.  You can also limit by date or language or file types.  You should also use more specialized science and engineering search engines, such as Globalspec (http://www.globalspec.com/ ) and EEVL (http://www.eevl.ac.uk/) and Athenus (http://www.athenus.com/) and Scirus (http://www.scirus.com/srsapp/) to improve the quality and specificity of the material you find on the web.  And for more general topics or an overview of an area you might try such sites as the Librarians’ Internet Index (http://lii.org/) or the Internet Scout Report (http://scout.wisc.edu/)
Speaking of Google, you may have heard of or used one of its tools called Google Scholar.  (http://scholar.google.com/)  This service “…enables you to search specifically for scholarly literature, including peer-reviewed papers, theses, books, preprints, abstracts and technical reports from all broad areas of research. Use Google Scholar to find articles from a wide variety of academic publishers, professional societies, preprint repositories and universities, as well as scholarly articles available across the web.”  In essence, it is Google’s own attempt to weed out irrelevant material from searches for “academic” information.  However, the library jury is still out on exactly how well Google Scholar actually does what it claims to do.  Some folks report that material that is clearly NOT scholarly still appears.  But perhaps more importantly for you, once you leave UVA, clicking on a Google Scholar link will not necessarily take you to full online content.  You may be taken only to a publisher’s or other website where you can buy the content, just as I mentioned earlier in this talk.  Furthermore, Google Scholar’s content is limited to just those libraries and publishers who are willing to allow their material to be indexed.  So once again, you can’t search just Google Scholar and assume you have found “everything” on a topic.  What you find may be good and useful—but always keep in mind that you may be missing something and that you may wind up having to pay for access to what you do find.
In conclusion you can see that even though you may be graduating from UVA and leaving the “free” Information Paradise behind, there is still plenty of information available to you out on the internet sea.  You will simply have to be proactive in learning how to seek it out effectively and in making the connections with librarians and others who can help you find and obtain what you need.  If you take the time to learn some straight-forward information seeking skills, you should have relatively little trouble acquiring whatever information you may need during the course of your career.  But always remember that, wherever you may find yourself, somewhere nearby is a library and librarians eager and willing to help you in any way they can.  Take advantage of what they have to offer.  Doing so will save you valuable time and help you succeed in your job, whatever it may turn out to be.
Best wishes for much success to all of you and thank you for letting me speak to you this afternoon.
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