
Abstract
In 1973 F. W. Lancaster published the first textbook about online 
information retrieval (with E. G. Fayen). That text and his later 
writings and books on the topics relating to online searching set the 
precedent for many books to follow. His early work also advocated 
many changes to the state-of-the-art systems and anticipated many of 
the characteristics of modern online information retrieval systems. 
Although the basic underlying structure of modern systems is still 
similar to what Lancaster wrote about thirty years ago, many of the 
changes he advocated have occurred. From an era of bibliographic 
databases on command-driven systems searched by library profession-
als, online systems have evolved to have friendlier interfaces, include 
full texts or links to full texts, and are targeted to the end users of 
the information. The information industry has evolved, as have the 
online search systems and tools that are so commonplace today.

Introduction and Lancaster’s Legacy
Information Retrieval On-Line by Lancaster and E. G. Fayen, published in 
1973, set the standard for a multitude of books that appeared throughout 
the ’70s, ’80s, and ’90s about online searching for information profession-
als. The winner of the 1974 Best Information Science Book Award, its sig-
nificance goes far beyond being a catalyst for other textbooks, however.

Ask college students today when online information systems first be-
came available and they are likely to point back only to the 1990s when 
the Internet and World Wide Web made online content ubiquitous. By 
the time Lancaster’s book on the topic was published twenty years before 
that, he had already worked for several years to shape the emerging online 

LIBRARY TRENDS, Vol. 56, No. 4, Spring 2008 (“The Evaluation and Transformation of 
Information Systems:  Essays Honoring the Legacy of F. W. Lancaster,” edited by Lorraine J. 
Haricombe and Keith Russell), pp. 816–829
(c) 2008 The Board of Trustees, University of Illinois

Online Systems for Information Access and 
Retrieval

Carol Tenopir



817tenopir / information access and retrieval

database industry. (The essay by Barbara Rapp describes his influential 
evaluation work for the National Library of Medicine MEDLARS.) This 
1973 book marked the historical moment in time when online systems 
(the term then still emerging as “on-line”) became the standard for in-
formation retrieval. First bibliographic databases, then directories, other 
reference books, full text journal articles, and electronic books, online 
information systems became the norm for searching and retrieving a wide 
variety of content. Today it is difficult to imagine scholarly research with-
out online resources, but Lancaster’s early works provided readers of the 
time a first glimpse into a new world.

Although the systems now look different on the surface and include an 
ever-expanding array of features, many of the tools and techniques that 
Lancaster and Fayen described in such detail in 1973 still form the basis 
for online retrieval systems of today. According to coauthor Emily Fayen 
(who was working with Lancaster at NLM when they wrote the book) “the 
book’s lasting legacy is its vision about what online information retrieval 
ought to be and how it might be achieved. Although the illustrations of 
the hardware are now very amusing, most of the systems concepts have 
not changed.”

Bourne and Hahn, in their History of Online Information Services: 1963–
1976 call Information Retrieval On-Line “a major milestone in the literature 
of online systems” and go on to explain that it was “more than just a narra-
tive, it functioned for years as a textbook, handbook, and encyclopedia on 
all aspects of online retrieval systems” (p. 2). The publication was listed 
as a milestone in the chronology of the history of information science 
in a book by Lilley and Trice that traced the growth and development of 
information science through the contributions of influential individuals 
(1989).

But it was not the first book on information systems by Lancaster. His 
1968 book Information Retrieval Systems: Characteristics, Testing, and Evalua-
tion combined with the 1973 online book morphed more into an online 
retrieval system text with the second edition in 1979. When it was updated 
and expanded in 1993 with Amy J. Warner as Information Retrieval Today, a 
Lancaster book once again became the standard text for online retrieval 
and the basis for online searching principles and practices.

Lancaster’s online texts never fell into the trap of attempting to be 
merely a tutorial on the ins and outs of specific online systems. Instead 
they used real systems such as MEDLARS, Dialog, and BRS to illustrate 
the fundamentals of all online systems. Boolean logic is clearly described 
in its practical applications to information systems (ironically, since, Lan-
caster was not a proponent of Boolean logic for information retrieval, 
instead advocating a partial match system that would use relevance rank-
ing) (Lancaster, 1972; cited in Bourne & Hahn, 2003, p. 217). His texts go 
beyond online searching to cover topics of controlled vocabulary develop-
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ment, system evaluation, and relevance as covered in more detail in this 
issue in the articles by Swartz, Rapp, Saracevic, and others.

Another irony is that these books were used by master’s students in 
schools of library and information science, often those who hoped for 
careers as online search intermediaries. Contrary to the pervasive wisdom 
of the 1970s, Lancaster was an early advocate of end user searching. The 
thought of end users doing their own searching was met by scorn or trepi-
dation by many others of the time (Bourne & Hahn, 2003, p. 218), but 
Lancaster’s detailed studies of NLM MEDLARS and other early systems 
convinced him that researchers should do their own online searching 
(Lancaster, 1972).

A list of the many online searching textbooks for information profes-
sionals that owe much to Lancaster would fill this paper; a selected sam-
pling is included at the end.

Much has happened in the online information world, certainly since 
the 1973 Lancaster and Fayen book, but even since Lancaster and Warner 
in 1993. The topics covered in Information Retrieval On-Line and Information 
Retrieval Today will form the organization of this article, excluding those 
topics mentioned above that fall more appropriately in other articles or 
those topics, such as equipment for online retrieval, that are so outdated 
as to be of historical interest only. (Topics of historical interest through 
1976 are covered in detail in Bourne and Hahn and through 1985 by Lil-
ley and Trice.) Lancaster’s influence and an overview of current develop-
ments in the following areas are covered here:

•	 Fundamentals or basics of online information systems
•	 The existing online information/database industry
•	 Users and intermediaries
•	 Future trends

This cannot be an exhaustive treatment of all developments in online sys-
tems over the past four decades; instead it provides a snapshot of change 
by comparing the two decades of the 1970s and the 2000s and Lancaster’s 
influence in the present and future of online information systems.

Fundamentals of Online Information Systems
More than any other topic covered here, the underlying basics of online 
systems have arguably changed the least over time. Lancaster’s overall sys-
tems approach, viewing information retrieval as a complex system that 
can be broken into many separate system components for better under-
standing, is the approach long favored by researchers who realize that 
each subsystem must be understood to understand or improve the whole. 
(Wang & Forgionne, 2006).

While the systems approach remains the preferred way to approach 
information retrieval system evaluation, the major change in this systems 
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approach in the last decade is to integrate the human aspects of the sys-
tem (beyond relevance judging), to focus on the cognitive and behavioral 
aspects of real users (Harter & Hert, 1997). Information retrieval is now 
seen as an interactive or social activity with the various situations and as-
pects of the user influencing overall system performance (Wang & For-
gionne, 2006; Saracevic, 1995; Kagolovsky & Moehr, 2004).

Lancaster is a master of clear explanation of concepts that are often 
unfamiliar or confusing to his readers, including Boolean logic, file struc-
tures, evaluation criteria, and vocabulary control. The need for informa-
tion professionals to know these fundamentals has not changed (Tenopir, 
2001), nor has continued reliance on these basics in information retrieval 
systems.

While the underlying technology of inverted file structure has im-
proved dramatically to provide efficient retrieval of massive full text da-
tabases, the importance was established in early online systems (Zobel 
& Moffat, 2006). Although often criticized and now faced with many al-
ternatives, Boolean logic remains the standard for information retrieval 
systems (Frants et al., 1999; Sparck Jones & Willets, 1997). The most com-
mon criticism of Boolean logic systems throughout the 1980s and 1990s 
was that end users had trouble understanding Boolean logic and thus 
query formulation is too difficult (Frants et al., 1999). Lancaster (and 
others, notably Gerard Salton [Salton & McGill, 1986]) anticipated these 
concerns as early as the 1960s by recognizing that Boolean systems were 
difficult for users to understand. Frants, et al. believe that criticism of the 
difficulty of Boolean query formulation is more criticism of existing op-
erational systems and interfaces, rather than of Boolean logic as the un-
derlying foundation of a system, however.

Lancaster was an early advocate of partial match systems coupled with 
relevance ranking of partial match results. This allows the user to make 
the decision of when he or she has found enough relevant documents, 
rather than presenting results as a complete unranked set that must be 
examined in total. Although many systems experimented with partial 
match from the 1960s onward (Frants et al., 1999), it was not until the 
Web search engines of the past decade when they became the rule rather 
than the exception in the information industry.

Frants, et al. point out that Boolean logic-based information retrieval 
systems do not preclude relevance ranking, and, indeed, in 1968 Lan-
caster described the use of weighted index terms to rank documents from 
a Boolean query. Many experimental systems that use statistical, linguistic, 
or other approaches to partial match, however, are more typically associ-
ated with relevance ranking (Belkin & Croft, 1987; Kinnucan et al., 1987; 
Sparck Jones & Willet, 1997).

One thing that had to be changed to make online systems friendlier or 
easier to use was to improve the interface (Ahmed, McKnight, & Oppen-
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heim, 2006). Today’s Web search engines have extremely simple inter-
faces that hide the inner workings of a complex system, and commercial 
information retrieval systems have improved over the decades, although 
interfaces for online information retrieval systems are still not considered 
user-friendly (Resnick & Vaughan, 2006).

Marchionini and Komlodi (1998) trace the development of interfaces 
for information retrieval systems from the 1970s through the 1990s; from 
interfaces “designed mostly for users who were highly specialized profes-
sionals” to those that “support casual, literate end users (i.e., average edu-
cated citizens) to the current emphasis on highly technical areas such as 
medical and scientific research to now include all areas of human inter-
est” (p. 92). Ten years after Marchionini and Komlodi’s descriptions, dif-
ferent interfaces continue to help a wide variety of users navigate and find 
a wide variety of textual, numeric, and graphical information.

Interface development has paralleled user-centered research and de-
velopment in information retrieval and the Web. Looking ahead, Marchio-
nini and Komlodi predicted today’s ubiquitous access that is “embedded 
in the larger information activities of life and customizable to individual 
preferences and abilities” (p. 115).

Best practices for future user interfaces as described by Resnick and 
Vaughan (2006) include considerations about the structure and metadata 
of the corpus, automatic vocabulary matching, user control in browsing 
and searching, search assistance in the interface, and special consider-
ations for mobile devices.

Many of these were considerations even in Lancaster’s early work, but 
even he did not anticipate the ubiquity in his lifetime of mobile informa-
tion retrieval devices smaller than a deck of cards! Information systems 
basics have gotten more complex, mingling the components of the past 
with new structures, features, and design considerations made possible by 
development in hardware, software, and communications technologies. 
In turn the information industry itself has gotten more complex.

The Information Industry
In the 1970s and into the 1980s the information industry was a world 
of secondary publishers of indexes and abstracts who leased their bib-
liographic databases to third party vendors or large library systems. The 
bibliographic databases and early search systems served as pointers to 
primary publications that remained in print containers such as printed 
journals. Today secondary publishers and third party vendors both still 
exist, but primary publishers are also electronic publishers and the lines 
between the three are less sharply drawn. Bibliographic databases pointed 
to printed content; today’s content is most often completely digital.

Linking through technologies such as OpenURL and cooperative ini-
tiatives such as CrossRef draws all parties together for a unified search 
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experience (Grogg, 2006). A library user may search on a bibliographic 
database such as PsychInfo that is made searchable by a third party ven-
dor such as H. W. Wilson or ProQuest, and click on a “full text” button to 
be seamlessly taken to a selected article held on a primary publisher’s full 
text e-journals platform.

Major scientific primary publishers, such as Elsevier, Wiley, Springer, 
etc. all have their own search and retrieval platforms in addition to partic-
ipating in the search and retrieval systems of others by linking and other 
agreements. Their articles are likely searchable from their own platform, 
from various secondary indexes, and by major search engines such as 
Google with links back to their own repository of articles. The July 2007 
issue of Fulltext Sources Online lists nearly 35,000 periodical titles available 
on average from nearly six different e-sources, including aggregators, pri-
mary publishers, and other online sources (Glose, Currado, & Orbanus, 
2007). The biggest drivers of traffic to e-articles today are Web search en-
gines, but the behind the scenes links to full texts are often a result of 
library and CrossRef linking (Grogg, 2006).

The growth and ups and downs of the database industry were moni-
tored in detail yearly by Martha E. Williams in her directory of Computer-
Readable Databases, published from 1976 through 1985, and Cuadra Asso-
ciates’ Directory of Online Databases published from 1979 through 1992. In 
1987 Gale acquired and consolidated the directories, changing the name 
in 1993 to the Gale Directory of Databases (Williams, 2004). As of 2004, the 
Gale Directory reported on over 18,000 databases (up from 301 in 1975), 
made available by nearly 2,000 database vendors. It was conceivable in 
1973 for an online searcher to know the characteristics of every available 
online database; today they may know well just those few in a specific sub-
ject area or on selected search services.

While government agencies still produce major databases and search 
systems (for example, the National Library of Medicine), the database 
industry now includes a majority of commercial organizations and profes-
sional societies. According to Williams:

In the 1960s and 1970s, the NFP [not for profit] (mostly professional 
society-based) publishers gained prominence because of their impor-
tance and increased use of those databases. Both government and 
NFP databases continue to be important resources, particularly in 
the sciences; however, while their numbers have increased a bit, they 
have a decreasing market share. Government databases decreased as 
a percentage of all databases [from 56 percent in 1977 to 11 percent 
in 2003]. NFP/Academe databases also decreased over the same time 
period, from 22% [in 1977 to 10 percent in 2003]. Commercial da-
tabases continue to climb, having increased from 22% in 1977 to [78 
percent in 2003]. (p. xxiv)

The lines delineating exactly what is a database and what is a website 
or a search platform is also somewhat muddy as the lines between vendors 
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and database producers grows muddier. The LexisNexis system tradition-
ally is counted as a single “database” by the Gale Directory, yet all of the 
individual full text, bibliographic, or directory files available through the 
Dialog system are counted as separate databases. This is an untidy infor-
mation world that was not even conceivable in 1973.

Not only is the number of databases growing, the amount of informa-
tion within each is growing. By Williams’ (2004) calculations, the number 
of records in databases increased by “a factor of 403” from 1975 to 2003; 
from a total of 52 million records to nearly 21 billion. There is, of course, 
much variation in both the number of records in databases and the aver-
age size of a record. According to Williams:

The entities counted as database records vary widely but generally range 
from 200 to 2,000 words (or, in the case of non-word-oriented records, 
they require a comparable number of bytes for storage.) Records may 
be citations, abstracts, news stories, magazine articles, biographical 
records, unique names of chemicals, unique chemical structures, prop-
erty data, recipes, time series, software programs, images, or descrip-
tions or listings of virtually anything. (p. xix)

The impressive growth of the information industry does not include 
the whole of the massive Web and does not begin to touch the annual pro-
duction of information. Lyman and Varion (2003) estimated that about 
5 exabytes of new information was created in 2002 or 800 megabytes for 
every person on earth. They go on to explain: “How big is five exabytes? If 
digitized with full formatting, the seventeen million books in the Library 
of Congress contain about 136 terabytes of information; five exabytes of 
information is equivalent in size to the information contained in 37,000 
new libraries the size of the Library of Congress book collections.”

General trends and issues in the database industry have been reported 
annually since 1996 in Library Journal’s annual Database Marketplace Sur-
vey (see, for example, Tenopir et al, 2006, 2007). Major recent trends 
include the continued consolidation of the information industry within 
a handful of major commercial players that are responsible for primary 
journal and book publications (Tenopir et al., 2007) and an acceleration 
of innovative search features, automatic indexing and abstracting tools, 
search platforms, and other software tools. Personal files, as envisioned 
by Lancaster, are now a reality, with a number of software tools that help 
researchers download and maintain personal files (Tenopir et al., 2006).

Databases of today often have millions of records and extensive full 
texts. Visualization and clustering of search results help searchers cope 
when they retrieve thousands or tens of thousands of potentially relevant 
items. Many commercial online systems have added clustering or visu-
alization techniques to their system displays recently after years of test-
ing and development (Zhu & Hsinchun, 2005). Add to that RSS feeds, 
podcasting, multimedia content and links to other software tools such as 
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spreadsheets, bibliography management software, etc. and online systems 
are at last beginning to go beyond the search and retrieval systems of the 
past decades (Tenopir et al., 2006).

Users and Intermediaries
Lancaster’s belief that end users could do their own searching was not 
a commonly held belief in the 1970s (by librarians or many end users 
alike.) Except for some discipline-based notable exceptions, such as law, 
the movement for end user hands-on searching did not pick up steam 
until widespread availability of personal computers starting in the early 
1980s. It was further advanced by CD-ROM databases in the mid-1980s, 
which helped change the common method of charging for online search-
ing by the time spent online (Misho & Lee, 1987). In 1985 and 1992, on-
line searching texts by Goldmann were among the first to target squarely 
the end user researcher and make it clear that intermediaries are not 
long for this world. Alex Meystel, in the foreword to Goldmann’s 1992 
text explains that “Goldmann warns against the use of an intermediary: 
they lose information because they do not understand the inquiry and 
because they cannot transform the inquiry into the procedure of search. 
As a result you lose vitally important information” (p. xv). Numerous re-
searchers have demonstrated that searching is an essential part of the iter-
ative research process (see for example, Ellis & Haugan, 1997; Beaulieu, 
2000; Kuhlthau, 1991).

Marydee Ojala (1986) (editor of ONLINE magazine) described online 
searching in the decade of the 1970s as “strictly for librarians and the 
term end user applied to people for whom librarians did searches” (p. 
197). Even by the mid-1980s it was a new and still controversial topic.

While nearly everyone does at least his or her own Web search en-
gine searching today, the controversy comparing the effectiveness and ef-
ficiency of end user vs. professional searching has not gone away. Because 
now, except in some special library settings, it is expected that end users 
will do their own searching, the focus of concern has turned to improving 
reference encounters, more effective education or training sessions, and 
the design of better systems. A problem-solving approach to reference en-
counters is one suggested improvement (Cottrell & Eisenberg, 2001), as is 
using the latest technologies to improve the reference interaction (Curry, 
2001). Systems are still viewed as too difficult, however, especially when 
compared with familiar general search engines and must be improved to 
improve the search experience for novices (Xie, 2003).

In the meantime, online system training has become a major focus 
of reference librarians and more training materials for users substitute 
for easier systems (Tenopir & Innes, 2001). Libraries use both face-to-
face and computer assisted instruction to help their users become more 
proficient in online searching of a variety of systems for specialized and 
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general users (Tenopir & Innes, 2001). Although most systems provide 
tutorials and help functions, evidence suggests that they are rarely used 
(Tenopir, Baker, & Grogg, 2007).

Lancaster’s focus on user needs foreshadowed the research focus on 
individual differences and the human side of information retrieval that 
got momentum in the 1990s (Kuhlthau, 1991; Wang, 1999; Sugar, 1995). 
Kuhlthau’s work that demonstrated both the cognitive and affective ele-
ments of human behavior influenced the entire research process helping 
to initiate a vigorous user-focused research agenda and the realization of 
the importance of the individual user in the ultimate success of an online 
system (Wang, 1999; Tenopir, 2003).

Future Trends in Online Information Retrieval 
Systems
Never one to avoid controversy, Lancaster and Fayen (1973) made four-
teen predictions of what the future of online systems might be. They 
recognized the danger of predicting the future and that “we may be just 
beginning to scratch the surface on the possibilities of applying techno-
logical advances to problems of information transfer” (p. 416). Danger 
aside, they were remarkably prescient in their predictions, which included 
(p. 412–416):

•	 a great increase in the number of information services that can be ac-
cessed from around the world, including large general purpose systems 
and systems for specialized subjects;

•	 specialized systems will be more “user oriented,” easily accessible, and 
require “comparatively little effort” to use;

•	 systems will exploit the interactive, heuristic, and browsing powers of 
the online computer more fully for practitioners in a field, rather than 
information professionals;

•	 they should be oriented to natural language rather than controlled 
vocabularies;

•	 vocabulary search aids at the time of searching will be incorporated, 
bringing together synonyms and semantically related terms;

•	 computer aided instruction should be incorporated into systems;
•	 systems should be capable of being searched by techniques other than 

formal Boolean expressions (including English language input, rel-
evance ranking, fractional retrieval (partial match);

•	 “On-line retrieval systems must certainly permit the ranking of out-
put”;

•	 “Future on-line systems must require less effort to use. They should 
adapt to the user rather than expecting the user to adapt to them”;

•	 online systems and the equipment to use them must be more widely 
accessible;
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•	 systems will provide online support to personal files;
•	 “Ultimately, on-line systems must interface with systems capable of re-

trieving and displaying complete text”;
•	 informal channels of communication will remain important and new 

communications technologies will “facilitate the transfer of information 
among scientists”;

•	 online systems will interface with other systems, such as statistical pack-
ages, text editing programs, etc.

None of these predictions is controversial anymore; indeed, for those de-
velopments that are still only partially achieved, most researchers would 
wonder why progress has not been swifter. The Internet, developments in 
computing and telecommunications technology, and great leaps forward 
in software, standards, and digitization, have made the online information 
world of today remarkably similar to Lancaster’s predictions, as described 
in these pages. Emily Fayen agreed in a 2007 interview, when she said “for 
the most part, we got it right. In some ways, we didn’t go far enough—but 
who could have predicted the Internet in 1972–3?” One thing she be-
lieves they got wrong is “where we said that controlled vocabularies would 
be used for searching, but not for indexing. This is just about the inverse 
of what has happened, namely that professional indexers still use con-
trolled vocabularies, but searchers almost never do.” And the projection 
“in which we advocated the use of natural language should have included 
the need for multi-lingual capabilities.”

Stephen Arnold, an information industry thought-leader, remarked in 
his keynote address to an online meeting in 2005, “Much of what is ‘hot’ 
or trendy in search is only slightly new. A bit of poking under the mar-
keting promises, one finds string matching, thesauri, statistical relevance 
ranking, and algorithms that run more quickly on today’s fast, cheap 
hardware.” Many of the present developments in online systems build on 
ideas of the past, with hardware, software, and telecommunications ad-
vances making all of Lancaster’s predictions at last possible.

Of course not every development in today’s online systems was pre-
dicted. The domination of large commercial Web search engines is chang-
ing user expectations and leading the way for system developments on an 
unexpected scale. Social networking, expectations of online interaction, 
and collaborative tools drive user experiences in new directions (Abrams; 
Casey & Savastinuk, 2007), although these phenomena are just beginning 
to influence “serious” information retrieval systems. For twenty-first-cen-
tury visionaries such as Abrams, these developments are a natural out-
come of a generation that has always had the power of online search sys-
tems in their own hands.

Joining people and the power of online communication can merge 
the formal and informal information networks in ways that are just begin-
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ning. Physicist Paul Ginsparg (2000), founder of the physics e-print server 
now at arXiv.org, articulates the future vision of a “global knowledge net-
work.” He prefers this term to “electronic publishing,” which connotes 
cloning a paper-based world rather than inventing a new way to commu-
nicate. In 2000 Ginsparg predicted: “In the next 10 to 20 years, it is likely 
that many research communities will move to some form of global unified 
archive system, without the current partitioning and access restrictions 
familiar from the paper medium, for the simple reason that it is the best 
way to communicate knowledge and hence to create new knowledge.” 
This vision incorporates many elements that Lancaster foresaw nearly 
thirty years previously.

Summary and Conclusions
Lancaster, with several different coauthors, was an early visionary and 
teacher in the practical aspects of online search and retrieval systems. 
From the earliest days of commercial online systems in the late 1960s and 
early 1970s he advocated better systems that would make online searching 
easier and more effective for those who have the information need.

It took over three decades for online systems to begin to fully live up to 
the expectations described by Lancaster and Fayen and another decade 
for systems to begin to move into realms and ideas that expand on their 
expectations. The underlying structure and content of online searching 
laid in the 1960s and 1970s (and before) still serve online systems today. 
But this underlying structure, coupled with great advances in hardware, 
software, and telecommunications, is allowing growth of online systems 
into much more than the systems described by Lancaster in 1973. End 
users not only have their hands on today’s systems, their needs and expe-
riences are driving developments and the future of information creation 
and retrieval as never before. All of these factors are leading the world of 
online search and retrieval closer to Lancaster’s visions of 1973—it just 
took over thirty years to get there.
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