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Holistische Modellbildung als eine Antwort auf die
Herausforderungen der Informationswirtschaft

Jurgen Krause

Universitat Koblenz-Landau
Institut far informatik

Informationszentrum Sozialwissenschaften
Lennéstr. 30, 53113 Bonn
Tel.: (0228) 22 81 145/ Fax: (0228) 22 81 120
e-mail: jk@bonn.iz-soz.de

ISP'96 setzt eine Tendenz der vorangegangenen Tagungen des Hochschulverbands Infor-
mationswissenschaft zu einer starkeren Marktausrichtung fort. Sie deutete sich bereits in
den bisher gewahlten Tagungsschwerpunkten an. Stand {Si‘90 noch im Zeichen des prag-
matischen Primats als Kernpunkt der theoretischen Ausrichtung der Informationswissen-
schaft (Herget/Kuhlen 1992), befaf3te sich ISI'91 - neben Grundiagenkonzepten der Wis-
sensverarbeitung - mit dem Informationsmarkt und Aspekten des Informationsmanage-
ments (Killenberg/Kuhlen/Manecke 1991). Mit dem Schwerpunktthema Professionalisie-
rung der Informationsarbeit leitete 1SI'94 (Rauch et al. 1994) zum Motto der 1SI’96 in Berlin
Uber, zur Thematisierung der Herausforderungen an die Informationswirtschaft. Angefordert
wurden vor allem Arbeiten, die dazu beitragen, in der ,klassischen® Informationswissen-
schaft gewonnene Erkenntnisse in markt- und bedarfsgerechte Arbeiten umzusetzen. Die
vorgegebenen Schlagworte waren Informationsverdichtung, Informationsbewertung und In-
formation filtering, die durch die eingereichten Arbeiten um Aspekte der Softwareergonomie
und Visualisierung erweitert wurden. Das Programmkommitee hielt auch diesmal wieder -
wie bei den vorangegangenen Tagungen - an dem Prinzip fest, gute Beitrdge auch dann
aufzunehmen, wenn sie nicht der vorgeschlagenen Schwerpunktsetzung entsprechen. Den-
noch spiegelt sich die Haupttendenz in den 27 angenommenen Beitrdgen (von 46 einge-
reichten aus 11 Landern) und den 8 eingeladenen Vortrdgen deutlich wieder.

DaB die in den ISI-Tagungen vorgenommenen Schwerpunktsetzungen in den aktuellen Ak-
tivitaten der deutschen Bundesregierung und ihrer Ministerien ihre Parallele findet, ist sicher
kein Zufall. Informationswirtschaft bzw. Informationsgeselischatft sind die Schlisselbegriffe
der von der Bundesregierung gestarteten ,Initiative Informationsgesellschaft Deutschiand*
(cf. INFO 2000:7). Auf der européischen Ebene entspricht die hier behandeite Thematik dem
Programm INFO2000 (cf. European Comission 1996).

Der im Kontext der 1SI-Tagungen besonders interessierende Schwerpunktbereich informa-
tion Retrieval und Informationsdienste hat das deutsche Wirtschaftsministeriumin einem ge-
sonderten Bericht \Wissenschaftlich-technische Information tir das 21. Jahrhundert” noch-
mals gesondert und wesentlich praziser als im Kontext von INFO 2000 behandelt (cf. auch
den Bericht der Sachverstandigenkommission ,Elektronische Fachinformation (EFI)“an den
Hochschulen in Bayern 1995).

Uberzeugend - und ganz im Sinne der Informationswissenschatft - findet sich in allen Pro-
grammen die Erkenntnis, daf3 der Weg in die Informationsgeselischaft unvermeidlich ist und
ihre innovative Ausgestaltung und Férderung Uber den Wohlstand der nachsten Jahrzehnte
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wesentlich mitentscheiden werden. Es ist zu hoffen, dal3 die praktische Umsetzung der Pro-
gramme die geauBerten Intentionen nicht konterkariert.

Nur am Rande sei auf eine Kurositat deutscher Wissenschaftsrezeption hingewiesen.
Das Wort ,Informationswissenschaft” als eigentliche Stammdisziplin der behandeiten
Thematik kommt in den Regierungsprogrammen praktisch nicht vor. Der Informati-
onswissenschalft scheint es tendenziell wie friher der Kybernetik zu gehen. thre Ideen
und Grundsatzprogramme werden von Nachbardisziplinen und Politikern aufgegriffen
und sind insofern recht erfolgreich, dem Fach selbst kommt dies jedoch kaum zugute.
So sind die Jahre 1995/96 durch eine Reduktion der Informationswissenschaften an
den Universitaten gekennzeichnet, ein Kontrast zu den Regierungsveriautbarungen,
der kaum krasser ausfailen kann. An der FU Berlin (Prof. Wersig) wurde der Studien-
gang ,Informationswissenschaft” endgiiltig eingestellt und die seit Jahren immer wie-
der geforderten Konsolidierungen an den anderen Universitdten kommen nicht voran.
Eine akzeptabel ausgestattete eigenstandige Informationswissenschaft mit mehreren
Professuren gibt es weiterhin nur an der Universitat Konstanz. Die Professur der Re-
gensburger Informationswissenschaft wird - nach einer gescheiterten Ausschreibung
- auch im WS 1996/97 unbesetzt bleiben. Aber vielleicht Andert sich hier unter dem
Eindruck der gebaliten politischen Willenserkldrungen bis zur ndchsten I1SI-Tagung ei-
niges (cf. auch das HI-Memorandum 1996).

Ob man dies fur richtig halt oder nicht: Die in den politischen Programmen zusammengetra-
genen Fakten, Meinungen und SchluB3folgerungen werden die anwendungsnahe informati-
onswissenschaftliche Forschung und die sich bisher herausgebildete Struktur der Informati-
onsdienste wesentlich mitbestimmen. Zum Teil handelt es sich hierbei um gute Analysen der
veranderten technologischen und geselischaftlichen Rahmenbedingungen (z.B. Internet,
Veranderung der Publikationslandschatft), zum Teil um Meinungs&uBerungen und um die
Ubertragung globaler politischer Thesen, die derzeit das gesellschaftlich-politische Handeln
bestimmen, auf die Informationsgesellschaft (Beispiel Deregulationsthese als reine Kom-
merzialisierung, cf. die Abschnitte 1 und 3).

Die Anderung der informationstechnischen, wirtschaftlichen und geselischaftlich-politischen
Rahmenbedingungen wird besonders deutlich an den informationswissenschatftlichen Mo-
dellvorstellungen, auf denen heutige Informationsservicestellen basieren, und an ihrer sich
in den letzten 20 Jahren herausgebildeteten organisatorischen Form. Zu fragen ist (im fol-
genden beispielhaft fiir die professionelien Informationsservicestellen), ob die Informations-
wissenschaft - neben der Lésung von Einzelproblemen - neue holistische Modelle entwik-
keln kann, die den geadnderten Rahmenbedingungen Rechnung tragen. Gelingt dies nicht,
durften die Veranderungen ohne soiche Leitlinien stattfinden, zwar punktuell wissenschaft-
lich begrindbar, im Gesamtzusammenhang jedoch eher durch politisch-gesellschatftliche
und wirtschaftliche Heuristiken, Vorurteile und Zweckmé&Bigkeiten als durch informations-
wissenschaftliche Modelle geleitet.

1 Deregulation durch Kooperation und Internet

luD-Stellen, wie sie in den 70er Jahren gegriindet wurden, waren sowohl technisch als auch
in ihrer Philosophie der InformationserschlieBung weitgehend zentralistisch und monoli-
thisch. Ein zentral aufgestellter GroBrechner verwaltete die Daten. Die Klientel wurde Gber
Terminals oder offline (ber Anfragen an eine Zentralstelle bedient.

Dem entsprach die theoretische Grundlage der inteliektuellen InhaltserschlieBung. Nach ei-
nem normierten, intellektuell kontrollierten Verfahren, das die Zentralstelle entwickelte und
durchsetzte, erfolgt eine einheitliche Erfassung der Literatur. In diesem Denken kommt der
Datenkonsistenz die héchste Prioritat zu.
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Auch die Auswahl der Dokumente folgt diesem Prinzip. Zwar unterstitzt von Fachwissen-
schaftlern, aber letztlich wieder mit Stichentscheid der zentralen Qrganisation, wird z.B. die
Liste der auszuwertenden Zeitschriften festgelegt.

1.1 Stellung der Kooperationspartner

In diesem Denken bedeutet die Ausdehnung der Dokumentationstatigkeit auf ein neues Ge-
biet, daB3 die Zentralstelle um die entsprechenden Fachwissenschaftler aufgestockt werden
solite. Kooperative Strukturen mit Partnern, die ergdnzend zur Zentralstelle Dokumente in
anderen Organisationen erfassen, sich aber an die Normen der Zentralstelle halten, und de-
ren Daten in einen Gesamtdatenbestand integriert werden, sind die ersten Aufweichungen
des zentralistischen Grundansatzes. ldealiter gehen sie in nationale und internationaie Ko-
operationen {iber, deren gleichberechtigte Partner sich an gemeinsam ausgehandelte Uber-
einkdnfte und Normierungen halten.

Diese Art der Deregulation schiebt heute eine Fiille ungeléster Probleme vor sich her:

* Kleinere Kooperationspartner sehen sich emotional immer mehr als reine ,Zulieferer der
Zentralstelle, ohne direkten EinfluB3. Da ihnen der technologische Fortschritt - im Gegen-
satz zur Epoche der GroBrechner - durchaus erlaubt, einfache Spezialdatenbanken z.B.
auf CD-ROM selbst zu vertreiben, verstarken sich die Aufldsungserscheinungen.

¢ Kleinere Kooperationspartner stehen wie die groBen Informationsservicestellen unter
dem Druck, ihre Einnahmen zu erhéhen und eigenstandiges Profil zu zeigen. Vordergrin-
dig scheint dies mit Alleingangen schneller erreichbar.

¢ Auf den allgemeinen Kostendruck reagieren viele Institutionen mit der Auflésung ihrer In-
formationsabteilung. Fir die grof3en informationsservicestellen entsteht dadurch eine
Liicke bei der Dokumentenerfassung, die sich nicht mehr schlief3en laBt.

Die Summierung der psychologischen, politischen und wirtschaftlichen EinfluBfaktoren er-
héht derzeit den Aufwand, Kooperationen funktionsféhig zu erhalten, deutlich, ohne gleich-
zeitig bei Beibehaltung der herrschenden luD-Philosophie langerfristig die Strukturen ver-
nunftig stabilisieren zu kdnnen. Die Datenkonsistenz und die llickenlose Erfassung der rele-
vanten Dokumente ohne Zeitverzug sicherzustellen, wird im gegenwartigen Umfeld immer
schwieriger. Die Gefahrdung beider Kriterien, Vollstandigkeit und Aktualitat, trifft jedoch den
Kern der oben geschilderten luD-Philosophie.

1.2 Internet

Der breite Zugang zu den Netzwerken wirkt einer zentralistischen Doktrin der Informati-
onserschlieBung per se entgegen. Uberall auf der Welt kénnen Gruppen auftreten, die zu
Spezialgebieten informationen gesammelt haben. Der Benutzer wird auf sie zugreifen wol-
len, gleich nach welchen Verfahren und in welcher Qualitat sie inhaltlich erschlossen oder in
welchem Zugriffssystem sie angeboten werden. Das obige Kooperationsmodell wiirde ver-
langen, daR die zustandige Informationsservicestelle mit diesen Anbietern Kontakt aufnimmt
und sie Uberzeugt, bestimmte Normen der InhaltserschlieBung einzuhalten. Das mag im Ein-
zelfall funktionieren, jedoch nie als generelle Strategie. Es wird immer eine Fille von Ange-
boten geben, die sich vorgegebenen Leitvorstellungen nicht unterordnen lassen. Friher
lehnten die zentralen Informationsservicestellen Dokumente ab, die bestimmte Regeln der
ErschlieBung nicht einhielten, wodurch der Benutzer (idealiter) immer einem homogenisier-
ten Datenbestand gegeniberstand. Darauf ist die gesamte luD-Methodik, einschlie3lich der
Verwaltungsstruktur der Zentren ausgerichtet. Ob man dies far richtig oder falsch hélt, diese
Ausgangssituation ist in einem System weltweiter Vernetzung nicht mehr gegeben. Das Po-
stulat der Datenkonsistenz als wesentlicher Eckpfeiler heutigen luD-Handelns erweist sich
schon aus diesem Grund als lllusion.
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Auf diese Veranderung muf3 die heutige luD-Landschaft reagieren. Es sind inhaltliche und
auch organisatorische Konzepte zu entwickeln, die mit statt gegen diese Deregulation arbei-
ten.

1.3 Meinungen Gber die Datenkonsistenz intellektueller ErschlieBungsverfahren

Als generelle Kritikpunkte werden genannt:
* Die Kosten der intellektuelien Aufbereitung sind zu hoch.
Haufig Gberschatzen AuBBenstehende die tatsachlich anfallenden Kosten. Im Schnitt lie-
gen sie flr die intellektuelle Deskriptorenvergabe bei 22.- DM pro Dokument. Das Einspa-
rungspotential ist somit bei einem Systemwechsel hin zur automatischen Indexierung be-
grenzt, da auch sie nicht zum Nulltarif zu bekommen ist. Mehr lieBe sich bei der Abstract-
erstellung sparen (etwa 35.- DM pro Dokument). Solange es sich nicht durchsetzen 1aB3t,
daB im Anwendungsgebiet der Datenbank zumindest Autorenzusammenfassungen b-
lich sind, kann dieser Posten aber nicht eingespart werden. Auch eine automatische Inde-
xierung braucht zumindest diese Textgrundlage. Der Anteil von Zeitschriftenaufsatzen mit
Autorenreferaten liegt aber z.B. bei den Daten der sozialwissenschaftlichen Literaturda-
tenbank SOLIS des Informationszentrums Sozialwissenschaften (IZ, cf. Krause/Zimmer
1996 als Uberblick) nur bei 20 %. Die Alternative Volltextindexierung kommt wegen der
Rechtslage derzeit in vielen Bereichen als globales Konzept nicht in Frage. Die Verlage
erlauben die Wiedergabe vollstandiger Zeitschriftenaufsatze und Blcher nicht, weil sie
um den Absatz ihrer Printprodukte flrchten. Mittelfristig gesehen kdnnte sich bei beiden
Alternativen rasch etwas andern. Es sollte auch versucht werden, diese Verdnderungen
zu induzieren.

* Die hohe Qualitét und vor allem die Datenkonsistenz der intellektuellen inhaltlichen Er-
schlieBung durch Fachwissenschaftier an Informationszentren wird bestritten:

— Jeder Fachwissenschaftler indexiere nach eigenen Kriterien und Wissenshintergrund.
Die Konsistenz werde postuliert, aber in der Praxis nicht erreicht.

— Fachwissenschaftler an Informationsservicestellen verlieren die Verbindung zu neue-
ren Entwicklungen. Zumindest indexieren sie im Geist friherer Ansichten, was die
Thesaurusvorgabe noch unterstiitzt. Deshalb sollte eine zentrale informationsstelle
zumindest weitgehend die fachwissenschaftliche Kompetenz universitdrer For-
schungsstellen nutzen, um einer wachsenden Fachferne entgegenzuwirken.

* Benutzer sehen in der Regel nicht im Thesaurus nach, sondern formulieren ihre Anfrage
direkt. Wird der Thesaurus nicht standig gepflegt und um neue (Mode-)begriffe eines
Fachgebiets erweitert, ergeben sich zu gro3e Diskrepanzen zwischen den vom Benutzer
gewdbhlten Begriffen und den Thesaurusstrukturen.

Interessant ist, daf3 all diese Argumente nicht prinzipieller, sondern wirtschaftlicher Natur
sind. Bei einem héheren Geldeinsatz und veranderten Organisationsformen lieBen sich die
angegebenen Nachteile durchaus beseitigen, ohne das zugrunde liegende Postulat der in-
tellektuellen Indexierung aufzugeben.

Interessant ist auch ein Vergleich mit Anwendungsgebieten, bei denen die intellektueile Auf-
bereitung aus Kostengriinden durch automatische Freitextverfahren abgeldst wurde. Hier
nehmen Thesauri und eventuell computerlinguistische Methoden (z.B. Grundformenrick-
fihrung) nur noch in Teilbereichen eine Bereinigung der sprachlichen Vielfalt der Ausgangs-
texte vor. Die DATEV-Datenbanken sind ein Beispiel fur die ,Reinform” traditioneller auto-
matischer Freitextsysteme (cf. DATEV 1994). Mit Ausnahme einiger aspektgebundener
Deskriptoren regelt nur eine Stopwortliste die Auswah! der Deskriptoren. Ein weiteres Bei-
spiel sind die JURIS-Datenbanken (Basis GOLEM/PASSAT, cf. Mdller 1993). Hier ist inter-
essant, dal3 nach Uber 15jahriger praktischer Erfahrung vehement die bei Entwicklungsbe-
ginn abgelehnte intellektuelle ErschlieBung wieder als Heilmittel fir die empirisch beobach-
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teten schlechten Retrievalleistungen von JURIS angesehen wird (cf. Wolf 1992; Moller
1993).

Generell muB die Frage nach der effizientesten Art der InhaltserschlieBung heute als offen
angesehen werden. Sie ist zudem stark mit der Verbreitung von Autorenabstracts in einem
Fachgebiet und der rechtlichen Ausgangssituation bei der Verwertung von Volltexten ver-
knupft (cf. auch Fuhr/Miller 1986, Krause 1996, Womser-Hacker 1996). Klaren 148t sich die
Frage nur durch anwendungsbezogene, vergleichende Evaluationen der verschiedenen
vorgeschlagenen Verfahren. Ob den Informationseinrichtungen, die heute intellektuell inde-
xieren, noch die Zeit zu solchen Klarungen gelassen wird, ist allerdings fraglich. Die Meinung
der politischen Entscheidungsinstanzen paferiert deutlich die Gegenargumente, wie das fol-
gende Zitat aus dem Programm der Bundesregierung 1996-2000 ,Wissenschaftlich-techni-
sche Information fiir das 21. Jahrhundernt“ vom Dezember 1995 zeigt (5.36):

»Die nach wie vor exponentiell wachsende Menge an Literatur und Fakten kann mit
den bisherigen Produktionsverfahren zur Erstellung von Datenbanken nicht mehr be-
wiéltigt werden. DalB3 hochqualifizierte Wissenschaftier und Dokumentare die wissen-
schaftlich-technische Literatur noch einmal lesen und aufarbeiten, ist zu teuer und
entspricht nicht mehr den technischen Méglichkeiten®.

Nicht unerheblich flr die Abiehnung der intellektuellen Indexierung dirfte zudem die globale
Dominanz der Deregulationstheorie in allen Bereichen wirtschaftlichen und politischen Han-
delns sein, die sich heute bei politischen Entscheidungen in den Vordergrund schiebt.

Inteliektuelle ErschlieBung ist zweifellos die von allen Ansatzen weitestgehende Regulation,
deren Regeln wiederum eine zentrale Instanz vorgibt. An sie ist die intelliektuelle Indexierung
in Bezug auf die Durchsetzungsfahigkeit gebunden. Deshalb gilt hier das gleiche wie bei
dem generellen Internet-Beispiel. Alle ,Mitspieler eines Anwendungsgebiets mifRten von
der Richtigkeit dieses Vorgehens uberzeugt werden. Weltweit gesehen, eine lllusion.

2 Informationstechnologischer und informationswissenschaftlicher Wandel

Die derzeitige Situation kommerzieller und 6ffentlich geférderter Informationszentren ist
durch einen tiefgehenden Wandel in der gesamten zugrundeliegenden Informationstechno-
logie gepragt (Beispiele: Internet, Multimedia, verteilte Datenbanken, integrative Recherche
verschiedener Datentypen wie Fakten und Literatur, Print on demand).

InformationserschlieBung und -bereitstellung kann heute nicht mehr nur in der Anwendung
standardisierter Literaturdatenbanken bestehen oder sich auf Buchpublikationen und das
Knipfen fachwissenschaftlicher Kommunikationsnetze auf der Basis von Zeitschriften, Ta-
gungen und Telephongesprachen beschranken - so wichtig all diese konventionellen Metho-
den der Informationsgewinnung auch heute noch sind.

Akzeptiert man diese Uberlegungen, wird ein Strukturproblem sichtbar. Griindungen der
70er Jahre sahen den personellen Hauptbedarf bei den Fachwissenschaftlern. Dokumenta-
re verstanden sich vor allem als Fachleute fir InhaltserschlieBung nach dem Muster der in-
tellektuellen Verschlagwortung. Die Vorstellung war, daf3 ein kleines Rechenzentrum mit
dem f(ir die Anwendungsindustrie Gblichen 5 % Personalanteil Fremdsoftware (vor allem das
Datenbanksystem) einkauft und installiert, auf die Fachwissenschatftler und Dokumentare
ohne vertiefte EDV-Kenntnisse zugreifen. Die Personalzusammensetzung spiegelt noch
heute diese Ausgangssituation wieder.

Diese Struktur ist den heutigen Anforderungen zweifach nicht gewachsen:

* Die technologischen Probleme lassen sich nicht mehr nebenbei erledigen. Dies scheint
ein Widerspruch, da z.B. die Installation und der Betrieb eines Datenbanksystems heute
fraglos wesentlich einfacher ist als vor 20 Jahren. Heute gibt es jedoch eine Fiille neuer
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Maoglichkeiten mit spezifischen Problemstellungen (das internet ist nur ein Beispiel), die
fur hochwertige Informationsdienstleistungen zu nutzen sind. Ohne weitergehende
Informatikkenntnisse bei 10 - 20 % der Belegschaft, zuséatzlich zum heutigen Rechenzen-
trumspersonal, bleibt jede Beteiligung an den neuen Informationsmedien - sei sie auch
noch so gut gemeint und fachwissenschaftlich wertvoli - zwangsiaufig dilettantisch.

¢ Der Informationswissenschatft ist es nicht gelungen, sich mit inrem Know how in den kom-
merzielien und 6ffentlich geférderten Informationsservicestellen zu verankern. Vergleicht
man die heute in Informationsservicestellen eingesetzten Verfahren, z.B. die der Inhalts-
erschlieBung, mit den Themen der informationswissenschaftlichen Literatur, wird die Kluft
zwischen Forschungsansatzen und in der Praxis eingesetzten Verfahren deutlich. Ein
Beispiel sind die statistisch-quantitativen Recherchealgorithmen, die bisher kaum Ein-
gang in die Praxis gefunden haben. Anwendungen aus der Praxis verwenden vorwiegend
die Deskriptorensuche auf der Basis der Boole’schen Algebra. Das hier zugrunde liegen-
de Modell der Informationsverarbeitung gilt in den Informationswissenschaften seit min-
destens 10 Jahren als konzeptuell Giberholt (cf. auch Krause 1996). Ein anderes Beispiel
sind Erkenntnisse der Softwareergonomie, die direkt die Benutzerakzeptanz beeinfius-
sen.

Generell gilt deshalb: Moderne InformationserschlieBung und -bereitsteliung muB heute
gleichgewichtig auf drei Saulen ruhen, auf der informationstechnologischen, der fachwis-
senschaftlichen und der informationswissenschaftlichen.

3 Schichtenmodell und Deregulation als L6sungsansatz

Uberlegungen zu einer Umgestaltung miissen die Argumente der verschiedenen Ebenen
bericksichtigen, die in den Kapiteln 1-2 genannt wurden. Es geniigt z.B. nicht, eine informa-
tionswissenschaftlich akzeptable Losungsstrategie zu haben, wenn sie nicht politisch und
gesellschaftlich durchsetzbar ist und die wirtschaftlichen Rahmenbedingungen auf3er Acht
I&Bt. Als Faktoren sind zu berlicksichtigen:
* Uberzeugungen im politischen, fachwissenschaftlichen und gesellschaftlichen Umfeld:
— Vorherrschen von Deregulationsiiberzeugungen (Riickzug des Staates aus dem Infor-
mationsmarkt)
— Zweifel am Konzept einer rein intellektuellen InhaltserschlieBung in einer zentral ver-
walteten Gesamtstrukutur (Kostengriinde, wachsende Fachfremdheit, nicht erreich-
bare Datenkonsistenz)

— Wachsende Schwierigkeiten des Erhalts und des Aufbaus neuer Kooperationsbezie-
hungen im Rahmen einer zentral gelenkten Informationsstruktur

* Veranderungen durch die neueren technologischen und informationswissenschaftlichen
Entwicklungen (genereller Entwicklungsrickstau, neue Moglichkeiten von Informati-
onserschlieBung und -bereitstellung, Veranderung bestehender Strukturen durch die Er-
weiterung auf weltweite Informationssuche)

¢ Uberfuhrungsmdglichkeiten fir die bisher bestehenden v. a. personellen Strukturen (Wei-
terqualifizierung, integration neuen Know hows)

¢ Steigerung der Wirtschaftlichkeit {Kostenreduktion pro Informationseinheit)

Zentral fiir viele der obigen Problembereiche scheint die Deregulationsthese. Es soll ver-
sucht werden, sie einem Lésungsansatz zugrundezulegen, der Deregulation adaquat, d. h.
mehrschichtig, operationalisiert. Deregulation einer bisher vor allem zentralistisch tradierten
InformationserschlieBung und -bereitstellung ist sowohl aus informationstechnologischen,
aus fachwissenschaftlichen, informationswissenschaftlichen und politisch-wirtschaftlichen
Gegebenheiten und geltenden Uberzeugungen meines Erachtens zu empfehlen. Deregula-
tion allein durch strikte Kommerzialisierung - wie sie in politischen Diskussionen vorherrscht
- greift jedoch zu kurz. Sie erreicht das Gegenteil von dem,; was als Ziel vorgegeben wird.
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Deregulation muB3 so interpretiert werden, daB sinnvolle neue Strukturen entstehen, die
auch in Zukunft Informationsdienstieistungen auf hohem qualitativem Niveau ermdglichen.

Deregulation ohne Koordinationsinstanzen fiihrt zu anarchischen Strukturen. Je starker auf
allen Ebenen dereguliert wird, um von zentralistischen Strukturen wegzukommen (perso-
nell, informationstechnologisch. oder beim informationswissenschaftlichen Modell der Infor-
mationserschlieBung und -bereitstellung), um so wichtiger werden Kontrollinstanzen. Die
zerfallenden Einheiten und neu hinzukommende Gruppen mussen flexibel aufeinander be-
zogen werden, ohne daf3 der Herrschafts- und Normierungsanspruch der (berwundenen
Modelivorstellungen unter einer neuen Terminologie wieder auflebt.

Schalenmodell

Schalen

z.B.
Schale 2 |- e

- ainfache automatische
indexierung

Transferprobleme
Schale ndPm

zB.

- geringe Relevanz
Schale 1 | ke Abstrakt aber
1Z-Deskriptoren

Koordinationsstelle
- Entwicklung

Hohe Relevanz, o Informationstechnologie
tiaf und qualitativ » - inf. wiss. Losungen
- hachwertig srschiossen - Transferprobleme fir

alle "Mitspieler"

Ein Schalenmodell der InformationserschlieBung scheint diesen Grundiberlegungen und
vielen der genannten Probleme gerecht zu werden. Es soll am Beispiel des Datenbankauf-
baus und der InhaltserschlieBung von Literaturdatenbanken diskutiert werden.

Generell 4Bt das Schalenmodell verschiedene Niveaus der Datenrelevanz und Inhaltser-
schiieBung zu, die in einem gemeinsamen Informationssystem aufeinander bezogen wer-
den. Normierung und qualitative Anforderungen werden nicht zentralistisch durchgesetzt,
sondern koordiniert und verwaltet. Dies fihrt zu der Méglichkeit, Gruppen und Datenbestan-
de zu integrieren, die in einem zentralistischen Modell abgelehnt wiirden.

Die Aufgabe der Informationsservicestelle verschiebt sich von der Rolle als Durchsetzungs-
instanz und Anbieter einer einheitlichen Datenbank zum Koordinator verschiedener nicht-
hierarchisch miteinander verbundener Gruppen, der die informationswissenschaftlichen
und informationstechnologischen Hiirden der InformationserschlieBung und -bereitstellung
fir alle Partner 16st und fir eine organisatorische Koordination sorgt.

Bezogen auf die sozialwissenschaftliche Literaturdatenbank SOLIS des IZ ergabe sich z.B.

folgender Aufbau:

* Die innerste Schale enthalt den Kern der hochrelevanten Literatur. Er wird méglichst tief
und qualitativ hochwertig erschlossen. Die Qualitatskontrolle liegt in der Hand der koordi-
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nierenden Informationsservicestelle.

Auf diese Schale kann weder aus fachwissenschaftlich-dokumentarischen noch aus or-
ganisatorischen Griinden verzichtet werden. Erst die dadurch entstehende Datenkonsi-
stenz eines Kernbereichs schafft den Anreiz fir weitere Partner, die folgenden Schalen zu
bedienen.

* Die folgenden Schalen lockern die Relevanzbedingungen und parallel dazu die Anforde-
rungen an die Qualitat der InhaltserschlieBung. Fir den Bereich der Kommunikationswis-
senschaften in SOLIS ware Schale 2 z.B. die Menge an Dokumenten, die zwar nach dem
1Z-Thesaurus verschlagwortet, aber ohne Abstract angeboten werden.

* Schale 3 kdnnte alle Dokumente enthalten, deren Relevanz gegeniber den Schalen 1
und 2 niedriger ist und die nach anderen Normen erschlossen sind (z.B. anderer Thesau-
rus).

* Schale 4 enthielte die Ansetzung der Bibliotheken. Neben den gebundenen Deskriptoren
(Beispiel Autor) steht fiir die InhaltserschlieBung nur der Titel zur Verfligung, der automat-
isch indexiert wird.

Wie viele Schalen angesetzt werden und welche Merkmale sie definieren, richtet sich nach
den Gegebenheiten eines Fachgebiets und den sich beteiligenden Gruppen. Wichtig ist nur,
daB eine Zuordnung von erschlossenen Daten nach den Prinzipien der Relevanz und Er-
schiieBungstiefe bzw. -variation erfolgt und daf3 die Koordinationsstelle einen konsistent und
tief erschiossenen Kernbereich vorgibt.

Am Schalenmodell kdnnen sich prinzipiell alle Mitspieler der Fachwissenschaften beteiligen,
ob sie viel oder wenig erschlief3en, ob sie regelméaBig liefern kénnen oder nur schwerpunkt-
maBig und projektbezogen arbeiten. Damit miBte die Menge der erschlieBbaren Literatur
steigen, ohne daf3 der Etat der bestehenden Informationsservicestellen wachst. Selbstver-
standlich wird die Koordinationsstelle versuchen, die Partner auf eine moglichst einheitliche
und qualitativ hochwertige ErschlieBung einzuschworen. Bei Interessens-, Leistungs- oder

Meinungsdifferenzen fiihrt dies jedoch nicht mehr wie im zentralistischen Modell zum Aus-

schluf3 der Mitspieler. Gegenlber dem ldealmodell einer durchgehend konsistenten Er-

schlieBung sinkt auch unter besten Bedingungen die Datenkonsistenz und damit die Re-
cherchequalitat. Gegenuber einem realistischen Szenario gleicht die so erreichbare Daten-
fulle die Konsistenzbriiche aus, wenn folgende Voraussetzungen gegeben sind:

* Die Koordinationsstelle l6st die Prableme der Informationstechnik fur alle am Verbund be-
teiligten Partner. Dazu gehort die Pflege der Netzstruktur, die Auswahl und eventuell Ent-
wicklung geeigneter Software fur die InhaltserschlieBung und Recherche genauso wie die
Entwicklung geeigneter Vertahren zur Erstellung elektronischer und Printprodukte.
Kleinere fachwissenschaftliche Partner sind in der Regel gezwungen, informationstech-
nologisch suboptimal zu arbeiten, weil das entsprechende Know how fehit. Dieses Know
how ist so kostenintensiv, daB es nicht mehrfach in Kleingruppen vorgehalten werden soll-
te.

* Die Koordinationsstelle befaBt sich mit den neueren informationswissenschaftlichen Er-
kenntnissen. Zu klaren ware z.B. die Leistungsfahigkeit statistisch-quantitativer Metho-
den im Information Retrieval oder die Effizienz intelligenter Komponenten. Auf dieser Ba-
sis stellt sie die fiir die Fachwissenschaften geeigneten InhailtserschlieBungs- und Re-
cherchemethoden zur Verfiigung. Gleichzeitig integriert sie neue Méglichkeiten der Infor-
mationserschlieBung und -bereitstellung, die durch die informationstechnische Entwick-
lungen eréffnet werden.

* Bei der Recherche muf3 jede Schale von den entfernter liegenden getrennt werden kén-
nen. Benutzern, die auf eine qualitativ hochwertige InhaltserschlieBung Wert legen - und
dafir einen kleineren Datenbestand in Kauf nehmen - darf eine Vermischung mit den ent-
fernteren Schalen nicht autgezwungen werden.

Gleichzeitig ist das Problem des Ubergangs von einer Schale zur anderen zu lésen. Deskrip-
toren einer dufBeren Schale (Beispiel: nur automatische Titelindexierung) kénnen nicht
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gleichwertig mit denen derinneren Schale verbunden werden. Ob es gelingt, hier verniinftige
Transferstrategien zu finden und programmtechnisch umzusetzen, entscheidet wesentlich

mit Uber die Effizienz des Schalenmodells. Informationswissenschaftlich betritt man hier
Neuland.

Das Schalenmodell verspricht zudem einen interessanten Effekt auf die Bemihungen, bei
der InhaltserschlieBung Normen zur Erhdhung der Datenkonsistenz durchzusetzen. Nicht
von ungetéhr scheitern Normierungsbestrebungen in individualistisch verfaBten Fachwis-
senschaften (Beispiel Sozialwissenschaften) oft oder kommen nur mit quilender Langsam-
keit zu als unverbindlich angesehenen Regelungen. Das Schalenmodell erlaubt ein kontinu-
ierliches Aufeinanderzubewegen verschiedener Ansichten und Standards. Entscheiden
sich z.B. die meisten Gruppen fiir ein bestimmtes ErschlieBungsmodell, kann die Koordina-
tionsstelle versuchen, diesen Trend in der Fachwissenschaft durch organisierte Gesprachs-
runden zu verstarken bzw. unter informationswissenschaftlichen Aspekten zu modifizieren.

Es ist auch nicht zu befiirchten, daB sich durch die Freigabe Gruppen vermehrt in weiter au-
Ben liegende Schalen einordnen. Ich wiirde vielmehr mit dem Ehrgeiz der Fachwissen-
schattler rechnen, nicht hinter die Leistungsfahigkeit der Partnergruppen zuriickzufallen.

Die starksten Veranderungen bewirkt das Schalenmodell beim Selbstverstandnis, der Per-

sonalstruktur und den Leistungsanforderungen heutiger Informationsservicestellen:

* Die zentrale Informationsservicesteile fiir ein Fachgebiet wird von einer zentrale Richtlini-
en durchsetzenden Instanz, die entscheidet, was relevant ist und wie InhaltserschlieBung
und Recherche zu normieren sind, zu einer Koordinationsstelle in einem partnerschaftli-
chen Netz zwar kleinerer und gréBerer, aber immer gleichberechtigter Partner.

Von kleineren Partnern nimmt sie nicht nur erfaf3te und nach den Regeln der Zentrale in-
haltlich erschlossene Dokumente entgegen, sondern sie gibt etwas zuriick. Sie unter-
stltzt den Partner in allen informationstechnischen und informationwissenschaftlichen
Fragen und stellt konkret Software zur Verfigung. Das Know how, das sonst nur rudimen-
tar selbst aufgebaut werden kann, setzt die Partner in die Lage, in der immer komplexer
werdenden Welt der Informationstechnologie Schritt zu halten.

Partnerbeziehungen lassen sich in diesem System flexibel gestalten. Eine Regel mui3
nicht fur alle als verbindlich angesetzt werden.

* Die Koordinationsstelle muf3 strukturelle Veranderungen vornehmen. Von der fast aus-
schlieBlich fachwissenschaftlich und dokumentarisch fundierten Kompetenzstruktur ist
ein Teil auf die informationstechnologische und informationswissenschaftliche Kompe-
tenz umzulenken.

Der vorgeschiagene Strukturwechsel auf der Basis des Schichtenmodeiis 148t sich meta-
phorisch formuliert als Ubergang von einer Planwirtschaft mit zentralistischer Neigung in
eine Form der freien informationellen Marktwirtschaft beschreiben. Gesteuerte Deregulation
mit verbindenden Koordinationsstrukturen scheint ein Rahmenkonzept, das den Ubergang
der Informationsservicestellen in die informationstechnologisch radikal verdnderte Gegen-
wart und Zukunft bewaltigen kann. Die Moglichkeiten fur solch ein Konzept bieten erst die
neuen technologischen Rahmenbedingungen.

Zumindest ist meines Erachtens derzeit keine Alternative sichtbar, die eine effiziente Infor-
mationserschlieBung und -bereitstellung im Bereich der wissenschaftlichen Information im
heutigen wirtschaftlichen und gesellschaftlichen Umfeld mit seinen rigiden Rahmenbedin-
gungen sicherstellen kdnnte. Eine Linie, die sich auf Deregulation durch reine Kommerziali-
sierung in allen Bereichen beschrankt, mag in wenigen industriellen Bereichen wie in der
Pharmazie oder der Werkstoffwissenschaft méglich sein. Fir den GroBteil der bisherigen
JuD-Strukturen wiirde diese Politik das Ende einer umfassenden InformationserschlieBung
und -bereitstellung bedeuten. Die Folgen waren erhdhte Doppelarbeit und sinkende Arbeits-
qualitat. An der Schlichtheit dieser Erkenntnis, die seit den 70er Jahren als Konsens der mo-
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dernen Industriegeselischaft gelten konnte und ganz selbstverstandlich auch bei Effizienz-
und Wettbewerbsliberlegungen der Hochschulen zugrunde gelegt wurde, kommt man auch
bei den gegenwartigen gesellschaftlichen Rahmenbedingungen nicht vorbei.
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Abstract

The concept of ‘intelligent’ information retrieval was first mooted in the late 1970s, but had
lost currency within the information retrieval community by at least the early 1990s. With the
popularity of the concept of ‘intelligent agents’, it appears that the idea of intelligent informa-
tion retrieval is again in general vogue. In this paper, | attempt to show that the naive concept
of intelligent information retrieval, based on the idea of agency, misses the essence of intel-
ligence in the information retrieval system, and will inevitably lead to dysfunctional informa-
tion retrieval. As a counter-proposal, | suggest that true intelligence in information retrieval
resides in appropriate allocation of responsibility amongst all the actors in the information
retrieval system, and that intelligent information retrieval will be achieved through effective
support of people in their various interactions with information.

1. What could we mean by intelligent information retrieval?

Intelligent information retrieval (IR) has been variously defined by different people, but a con-
sistent theme has been one of the machine {or program} doing something for the user, or the
machine (or program) taking over some functions that previously had to be performed by
humans (either user or intermediary). So, for instance, for Belkin et al. 87, an intelligent IR
system was one in which the functions of the human intermediary were performed by a pro-
gram, interacting with the human user. For Maes 94, on the other hand, intelligent IR is per-
formed by a computer program (a so-called intelligent agent), which, acting on (perhaps
minimal or even no explicit) instructions from a human user, retrieves and presents informa-
tion to the user without any other interaction. Croft 87, introducing the Information Process-
ing and Management Special lssue on Artificial Intelligence and Information Retrieval, sug-
gests that intelligent IR is just good IR, meaning that it is inappropriate to ascribe intelligence
to computer programs, and also meaning that good IR is that in which the programs (i.e. the

1 Currently Fulbright Fellow, Department of information Studies, University of Tampere, P.O. Box
607, FIN-3101 Tampere, tel: +358 31 215 7039, email lonibe @kielo.uta.fi
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representation, comparison and interaction methods implemented in the system) result in
effective performance.

In all of these constructions, there is some idea that the intelligence (or goodness) of an in-
telligent IR system resides in the built system. Indeed, it is assumed by almost all people who
have commented on intelligent IR, that the IR system is only the built system. In this paper,
following Belkin et al. 83 and Belkin 94, | will argue that this assumption is, in itself, errone-
ous, thatit has led to an inappropriate conception of what constitutes IR, and in particular, for
our purposes, has misconstrued the nature of intelligence in the IR system. Furthermore,
following Bates 97, Belkin and Vickery 85, and Ingwersen 92 | will suggest both that interac-
tion with information is the key to understanding inteiligence in IR, and also that a fundamen-
tal problem for intelligent IR is how much, and what kind of support to offer users for such
interaction.

2. What constitutes an information retrieval system?

IR systems are often construed as some collection of components and processes which take
input, as a query to the system and as texts or information collected by the system, represent
those inputs, compare them, and produce, as output, some set of texts or information objects
predicted to be responsive to the query. |, and many others, have argued that it is a mistake
to consider the [R system as only the built system. For extended argument on this issue, see
Belkin 84. The crux of the issue is that, in order properly to consider all that happens in IR,
and in order properly to evaluate the performance of IR systems, the boundary of the IR sys-
tem must be outside the user, including the user within the IR system. From this point of view,
the IR system consists of three major components:

the userin the system;
the knowledge resource to which the user has access and with which s/he interacts; and,

some person(s) and/or device(s) which supports and mediates the user’s interactions
with the knowledge resource (the intermediary).

The processes which are then considered to be significant within most conceptions of the IR
system are:

representation (of user's information problem, of texts in the knowledge resource: e.qg.
indexing);

comparison (of representations of information problem and texts: e.g. retrieval tech-
niques);

interaction (between user and intermediary: e.g. reference interview or human-computer
interaction); and, sometimes,

judgment (of appropriateness of text to information problem, by the user: e.g. relevance
judgments); and

modification (of representation of information problem: e.g. relevance feedback or query
reformulation).

Belkin 84, Belkin et al. 83 and Ingwersen 92, for instance, have elaborated this general model
of the IR system in several ways, primarily through being more explicit and detailed about the
components, by extending the range of the different processes, by specifying how the proc-
esses are carried out, and especially by considering the nature of interaction in the IR system
in much more detail. In particular, Ingwersen and Wormell 86 have suggested that itis appro-
priate to consider the direct interaction between user and text as a separate form of interac-
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tion, and this idea has been taken up in a more fundamental sense by Belkin 94, who sug-
gests that IR should be considered explicitly as a form of interaction with information.

But in general, such elaborations have tended merely to extend somewhat the range of the
IR system, without significantly changing the concept of the IR system itself. Thus, under this
type of model, we understand the IR system to be composed of the components of user,
intermediary and knowledge resource, related to one another by the processes of repre-
sentation, comparison, interaction, judgment and modification. The significant point in this
model, for our purposes here, is that interaction, judgment and modification are inherent as-
pects of the IR system, and that the user is an inherent component of that system, not just
some entity outside it, giving input and evaluating output.

3. Where could intelligence be manifest in an information retrieval system?

The inclusion of the user in the IR system, and the incorporation of interaction as a major
process in IR, have some significant implications for how we might consider what would con-
stitute intelligence in an IR system. For instance, under this view, the idea of the ‘intelligent
agent’ seems untenable, at least in its most straightforward sense. That is, a program which
takes a query as input, and returns documents as output, without affording the opportunity for
judgment, modification and especially interaction with text, or with the program, is one which
would not qualify as an IR system at all. In particular, such a program would fail to know about
the user’s information problem (relying only upon the query, some poor representation of that
problem), and would fail to incorporate that one process which is known to improve retrieval
performance significantly, interaction (especially, but not exclusively, through relevance
feedback). So, although we might say that the representation and comparison processes
might be performed well, and even ‘intelligently’, the system as a whole would not perform
intelligently (if by that, we mean well, or effectively).

Another point which this view of the IR system raises is that there are some processes in the
IR system which cannot be performed by any other component than the user. In particular,
interaction is a joint process of user with the other components (also of the other components
with one another), and judgment is a process which can only be performed by the user. Fur-
thermore, although modification is something that can be done by the other components of
the system with reference to modifying query or text representation, modification of under-
standing of the information problem is something that can realistically be done only by the
user. Thus, the idea of the ‘intelligent intermediary’ as being the basis of intelligent IR, al-
though perhaps necessary, is not sufficient to characterize the complete intelligent IR sys-
tem. Similarly, the idea of good IR as being effective IR fails if all the intelligence is concen-
trated in only the built system, since it thereby excludes the most significant aspect of effec-
tiveness, the user’s judgment of the comparison performance.

These arguments lead us to the position that intelligence in intelligent IR perhaps resides not
only in that which is built to support the user, but also in the user her/himself, and in particular
in proper assignment of roles and responsibilities to all of the various components of the IR
system. Clearly, some of the processes we have mentioned must be carried out by the com-
ponents in concert, and some knowledge on which they are based (for instance, knowledge
of database structure and contents) might be privileged to only one of the built components.
Thus, there is some sense in which we might say that doing these processes (or applying
such knowledge) well is important to intelligent IR. However, this view does not incorporate
the undoubted intelligence of the user, in particular in respect of the judgment, modification
and interaction processes. Thus, we might say that a role of the user is to judge or evaluate
the texts with respect to the information problem; a role of the intermediary is to offer to the
user interesting texts with which to interact; and a role of the knowledge resource is to be
organized in such a way as to promote effective interaction. These are only examples of the
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roles and responsibilities of the various actors (perhaps a better term than components) in
the IR system, but they suggest how we might go about construing truly intelligent {R. That
is, by first considering the essential nature of the IR situation, and then designing the IR sys-
tem to promote and enhance the activities of all of the actors in the system with respect to that
essential nature.

4. Information retrieval systems as support for interaction with information

In Belkin 94, | suggested a view of IR as information seeking behavior, a kind of interaction
with text. Here | would like to propose an extension of that view, which allows us to consider
IR systems as systems for supporting people’s interactions with information. This position
can, | think, lead us to a better understanding of IR in general, to some interesting ideas for
the design of IR systems, and perhaps even to a new way to construe intelligent IR. The key
to this proposal is that it attempts explicitly to make people’s interactions with information the
central process of IR, with the other processes and components being seen as providing
methods for the appropriate support of such interaction.

The basis for this view of IR is the observation that people engage in a wide variety of infor-
mation seeking behaviors, and more generally, interactions with information, both in different
information-seeking episodes, and within the course of a single information seeking episode.
This observation has led, for instance, to a potential classification of information seeking be-
haviors or strategies (ISSs), based upon observable characteristics of human behavior in
interaction with information. It has also led to the idea that for each such ISS, there might be
a prototypical or ‘best’ way to accomplish it, within the constraints of an IR system. in Belkin
et al. 93 and Belkin et al. 95, these ideas have been used, respectively, as the basis for the
design of an IR system interface which allows easy movement from one kind of ISS to an-
other; and, for designing a dialogue-based IR system which actively supports different kinds
of interaction for different kinds of ISS, again with easy movement from one to another. Here,
| will not describe the details of these proposals and systems, and ask the reader to accept
that at least some reasonable work of this type has been done.

Although this work has gone some way toward understanding and incorporating different
kinds of information seeking within IR system design, it is still somewhat hampered by the
lack of some way both to understand when some specific kind of support was needed, and to
place interaction, rather than the other processes of IR, and the user, rather than the other
components, at the center of the IR system. Below, | sketch an outline of what seems to be a
way to accomplish these goals.

If we consider the IR system as a system whose goal is effective support of a person’s inter-
actions with information (in particular, those associated with information-seeking behavior),
then it is necessary for us to understand at least the following:

what are the kinds of interactions in which people engage?

what situations or contexts or goals lead to specific kinds of interactions?

how does the nature of the information objects interacted with affect the nature of the in-
teraction itself?

in addition, we might reasonably expect that we should know something about the sequential
nature of an information seeking episode, in particular what might lead to change from one
kind of interaction to another. And finally, we will need to know whether there are some differ-
ent ways to support optimally different types of interactions. Figure 1 presents a general
model of IR as support for information interaction which attempts to take all these issues into
account.

We read figure 1 as follows. At any point in time in an information seeking episode, a person
will be engaged in some specific kind of interaction with some specific kind of information
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object. The kind of interaction, and perhaps the kind of information object interacted with, will
be dependent upon that person’s goals, problem, intentions, situation, etc. at that time, and
on the course of the interaction to that point. Such information interaction is supported by a
variety of processes, or actors other than the user in the IR system. Such processes include,
for instance: representation, comparison, presentation, navigation, visualization, and so on.
Each such process can be instantiated by one of several different techniques; we hypothe-
size that, for any particular kind of interaction, there will be some optimum combination of
techniques from the various processes, for effective support of that kind of interaction.

== N
€9
USER
@ ) goals, tasks,
knowledge,
problem, uses
OMPARISON REPRESENTATION
INTERACTION /
@ judgment,
use, search, PRESENTATION
@ interpretation,
modification
(NAVIGATION) ¢ . ISUALIZATION
INFORMATION
type, medium,
mode, level

Time
Figure 1: Information retrieval as support for information interaction

An information seeking episode consists of a series of kinds of interactions (slices in time),
structured according to some plan associated with the person’s overall goals, problem, ex-
perience, according to the person’s specific goals, etc. at any one time, and according to
what has happened during the course of the interaction. For instance, a person with the gen-
eral goal of learning about a new topic might initiate the IR system by interacting with some
meta-data resource, in order to learn about the contents of the available database(s). The
person might then put a specific query to a database, in order to learn whether there are
documents in it which might be relevant to her problem. Having perused some documents
found in this way, and having judged them all to be non-relevant, the person might begin to
explore, perhaps through a thesaurus, other ways that the concepts in which she is inter-
ested. Finding one such concept that seems likely, she looks at a document which is indexed
by that concept. Liking what she sees, she looks through some other documents that seem
closely related to that one. On the basis of some relevance judgments on these documents,
a query is generated to search again in the database. The documents which are retrieved by
this comparison process are presented to the person as a set of classes of related docu-
ments. The user, judging one of the classes to be quite interesting, asks for a summary of
those documents. A summary is presented to the user, which gives her enough information
so that she can do the task which lead to her goal of learning about a new topic, and the
episode is terminated.
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This little scenario is meant as a demonstration of the dynamic and changing nature of inter-
action with information during the course of an information seeking episode. At each point, a
different kind of information seeking behavior is taking place, conditioned by both the original
goal, knowledge, problem, and by what has happened to that point. It also demonstrates how
the different kinds of interactions are best supported by different combinations of different
techniques from each of the IR support processes. And, finally, it suggests, | think, how one
might construe intelligent IR. '

in such a scenario, the user plays a central role, guiding the system, making evaluative judg-
ments, deciding about what to do and when to stop. The other processes contribute by un-
derstanding something about what is likely to help the user in supporting the interactions in
which that person is engaged, in knowing something about what the likely course of the inter-
action as a whole might be, and in using their knowledge about the resources at their disposal
to inform the user about the system and its contents so that the user can interact effectively.
Thus, using this model, intelligent IR turns out to be IR in which intelligence is explicitly dis-
tributed throughout the system, all of the actors contributing according to their specific roles
and knowledge to support the user's effective interaction with information.

References

Bates 90:
M. Bates. Where should the person stop and the information search interface start? Infor-
mation Processing and Management, 26(5): 575-59, 1990.

Belkin 84:
N.J. Belkin. Cognitive models and information transfer. Social Science Information Stu-
dies: 1984.

Belkin 93:
N.J. Belkin. Interaction with texts: Information retrieval as information seeking behavior.
In: Information Retrieval ‘93: von der Modellierung zur Anwendung. Regensburg, 1993,
pp. 55-66. Konstanz, Universitatsverlag Konstanz, 1993.

Belkin and Vickery 85:
N.J. Belkin and A. Vickery. Interaction in information systems. London, The British Libra-
ry, 1985.

Belkin, et al. 83:
N.J. Belkin, Seeger and G. Wersig. Distributed expert problem treatment as a means for
information system analysis and design. Journal of Information Science, 5: 153-167,
1983.

Belkin et al. 87:
N.J. Belkin, H.M.Brooks and P.J. Daniels. Knowledge acquisition using discourse analy-
sis. International Journal of Man-Machine Studies, 1987.

Belkin et al. 93:
N.J. Belkin, P.G. Marchetti and C. Cool. BRAQUE: Design of an interface to support user
interaction in information retrieval. Information Processing and Management, 29(3): 325-
344, 1993.

Belkin, et al. 95:
N.J. Belkin, C. Cool, A. Stein and U. Thiel. Cases, scripts and information seeking strate-
gies: Onthe design of interactive information retrieval systems. Expert Systems with App-
lications, 9(3): 379-395, 1995.

30



Croft 87:

W.B. Croft. Editor’s Introduction, Special Issue on Artificial Intelligence and Information
Retrieval. Information Processing and Management, 23 (4): 1987.
Ingwersen 92:
P. Ingwersen. Information retrieval interaction. London, Taylor Graham, 1992.
Ingwersen and Wormell 86:

P.Ingwersen and |. Wormell. in: F. Rabitti, ed. SIGIR ‘86. Proceedings of the ACM SIGIR

Conference on Research and Development in Information Retrieval, June 1986, Pisa, pp.
Pisa, ACM, 1986.

Maes 94:

P. Maes. Agents that Reduce Work and Information Overload. Communications of the
ACM, 37(7): 31-40, 1994,

31






\{isual Bibliometrics - Eine visuelle Oberfléche zur
Erweiterung der Nutzungsméglichkeiten bibliographischer
Datenbanken

Woltgang Glanzel

Bibliothek der Ungarischen Akademie der Wissenschaften,
Forschungsinstitut fiir Wissenschaftsinformation und Szientometrie (ISSRU),
Pf. 1002, H-1245 Budapest, Ungarn
Tel. +36-1-1318314, FAX: +361-1316954
e-mail: h4324gla@ella.hu
und
Forschungsgeselischaft fiir Wissenschaftskommunikation
und -information e.V. (RASCI)
Johannes-Kepler-Weg 5, D-15236 Frankfurt (Oder)
Tel. +49-335-52478, FAX: +49-335-52478
e-mail: wglaenzel @ europeonline.com

Inhalt

1 Einleitung

2 Informationelle und methodologische Grundlagen

3 Die Funktionen des Programms

3.1 Das Landerprofil

3.2 Visualisierung bibliometrischer Daten durch vergleichende Diagramme
3.3 Bibliometrische Topographie

4 Ausblick

Zusammenfassung

In einer friheren Studie (Schoepflin und Glanzel, 1994) wurde bereits der informationelle
Mehrwert von bibliographischen Datenbanken durch bibliometrische (szientometrische)
Nutzung untersucht. Im folgenden soll nun eine visuelle Oberflache vorgestelit werden, die
mit Hilfe einer bibliometrischen “Sekundardatenbank” einerseits die Nutzungsmdéglichkeiten
der zugrundeliegenden bibliographischer Datenbanken vor allem in den Bereichen Wissen-
schaftsinformation, Forschungsevaluation und Wissenschaftspolitik erweitern soll, anderer-
seits aber auch eine Riickkopplung zu den Aufgaben des traditionellen Retrievals erlaubt.
Die visuelle Oberflache Visual Bibliometrics wurde als Erweiterung der CD-Edition des
Science Citation Index® (SCI) und des Social Sciences Citation Index® (SSCI) des Institute
for Scientific Information (IS1) in Philadelphia (USA). Das Programm lauft unter Windows®
ab Version 3.1 und kann gewissermaf3en als Add-on zur CD-Ausgabe der beiden Datenban-
ken betrachtet werden.

Die Software wird anhand eines Beispiels aus den Sozialwissenschaften erklart.
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Abstract

In an earlier study by Schoepflin and Glanze! (1994), the information added value of bibliog-
raphic databases resulting from bibliometric (scientometric) retrieval has been analysed. In
the following we will introduce a visual interface which, on the one hand, extends the use of
the underlying bibliographic databases by the means of “bibliographic retrieval”, first of all, in
the areas science information, research evaluation and science policy, but also allows a
feedback to the original tasks of traditional retrieval, on the other hand. The interface Visual
Bibliometrics has been designed as an extension of the CD Edition of the Science Citation
Index® (SCI) and the Social Sciences Citation Index® (SSCI) of the Institute for Scientific
Information (IS, Philadelphia, PA, USA). The program which requires Windows® version 3.1
or higher can be considered an add-on to the CD-ROM Edition of these bibliographic data-
bases.

The program is explained with the help of an example from the social sciences.

1. Einleitung

Der Gedanke der Schaffung bibliometrischer Software zur Erweiterung von Retrievalmog-
lichkeiten und zur Visualisierung bibliometrischer Daten ist nicht neu. Nach zunachst einfa-
chen Hilfsmitteln fur bibliographische/bibliometrische Retrievalverfahren, zum Cleaning-up
von Rohdaten und zur Erstellung und Auswertung bibliographischer/bibliometrischer Stati-
stiken (z.B. Brookes, 1989) reicht das Softwareangebot mittlerweile bis zum kommerziellen
Bereich auf der sogenannten Makroebene (z.B. ISI, 1995). Kommerzielle Software, wie die
eben erwahnte National Science Indicators des ISI, oder nicht-kommerzielle, aber fir den
professionellen Einsatz bestimmte Programme sind zumeist auf sehr spezifische Aufgaben-
bereiche abgestimmt. Zu den letztgenannten gehéren unter anderem die vom ISSRU (Buda-
pest), CWTS (Leiden) und von der Faculté Saint Jérodme (CRRM, Marseille) entwickelten
Software-Pakete, die zur Optimierung bibliographischer Retrievalprozesse, zur Schaffung
und Wartung sogenannter “Sekundardatenbanken” und zur Durchflhrung statistischer Ana-
lysen dienen.

Im folgenden soll nun ein vollig neuartiges Konzept vorgestelit werden. Das Programm Vi-
sual Bibliometrics ist als bibliometrische Erweiterung der Datenbanken Science Citation In-
dex (SCI) und Social Sciences Citation Index (55CI) des Institute for Scientific Information
(ISI, Philadelphia, PA, USA) konzipiert. Die Software ist kompatibel zu den Jahreskumulatio-
nen der CD-Edition und kann somit gewissermafen als bibliometrisches Add-on zur CD-
Ausgabe betrachtet werden. Die von der Software verwendeten Jahreszahlen beziehen sich
deshalb nicht auf die tatsachlichen Publikations- oder Zitierjahre sondern auf die entspre-
chenden Updates der CD-Edition. Das Programm dient der Berechnung und Visualisierung
bibliometrischer Statistiken, sogenannter bibliometrischer Indikatoren. Da alle bibliometri-
schen Retrievalfelder auf der Grundlage der urspringlichen bibliographischen Retrievalfel-
der definiert worden sind, ist die Riickkopplung zum traditionellen Retrieval beipielsweise
auf folgendem Wege méglich: Zu den hochaggregierten Makro-Indikatoren, die vom Pro-
gramm flr ausgewdhlte Lander und Fachgebiete berechnet werden, kbnnen die bibliog-
raphischen Daten der relevanten Publikationen direkt von der CD geladen werden. Es ist
lediglich notwendig, eine entsprechende Search Strategy zu erstellen, wobei in den Retrie-
valfeldern ADDRESS das Land oder die Landerkombinationen und im Feld JOURNAL die
Namen jener Zeitschriften einzutragen sind, die laut “IS| Subject Classification" dem relevan-
ten Fachgebiet zugehérig sind. Dadurch ist der Weg von der Makro-Ebene zurtick zur Mikro-
Ebene und zum traditionellen Retrieval trotz des ansonsten irreversiblen Informationsveriu-
stes durch Datenaggregation bei der Schaffung bibliometrischer "Sekundardatenbanken”
indirekt doch méglich.
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2. Informationelle und methodologische Grundlagen

Visual Bibliometrics ist ein bibliometrisches Programm mit maximaler Kompatibilitat zu den
CD-Editionen des SCIund SSCI. Es berechnet und visualisiert bibliometrische Makro-Daten
fur ausgewdbhlte Lander und wissenschaftliche bzw. sozialwissenschaftliche Fachgebiete.
Dazu werden sowohl bibliometrischen Standardstatistiken (z.B. Braun et al., 1985, Braun et
al., 1995) als auch komplexere Indikatorengruppen (Schubert und Braun, 1990, Glanzel,

1990) angewendet. Die bibliometrischen Statistiken werden weiter unten detailliert behan-
delt.

Das Programm nutzt Rohdaten, die zuvor den Jahreskumulationen des (S)SCI entnommen,
dann gefiltert und zu Basisindikatoren verarbeitet wurden. Die relevanten Informationen wer-
den den Retrivalfeldern Source, Citation, Journal und Address entnommen. Publikationen
werden auf der Grundlage der von den Autoren angegebenen Adressen den entsprechen-
den Lander zugeordnet. Ausschlaggebend ist dabei die Adresse des Arbeitsplatzes, nicht
die Nationalitat des Autors. Publikationen mit Autoren aus mehreren Landern werden jedem
beteitigten Land als eine volistandige Veroffentlichung zugeordnet.

Es werden alle wissenschaftlichen Veroffentlichungen des Typs Article, Letter to the Editor,
Note und Review beriicksichtigt. Proceedingsbeitrage, falls in Periodika erschienen, werden
vom IS} als regulére Publikationen vom Typ Article klassifiziert. Dokumente des Typs Mee-
ting abstract, Editorial, Book-Review, Software-Review, Correction, Discussion etc. geltenin
bibliometrischer Hinsicht nicht als relevante Publikationen und werden deshalb ignoriert.

Samtliche Zitierstatistiken, einschlieBlich des Impact-Factors jeder Zeitschrift wurden auf
der Grundlage der individuelle Zuordung von zitierenden und zitierten Publikationen be-
stimmt und erst spater auf das jeweilig erforderlichen Niveau aggregiert. Das zugrundelie-
gende Zitationsfenster umfaBt jeweils die ersten drei Jahre vom Veréffentlichungsjahr an ge-
rechnet.

Die Fachgebietszuordnung der Dokumente basiert auf den Subject Categories des ISI, die
wiederum auf der Zuordnung von Zeitschriften zu Fachgebieten basieren. Fir den SCI wur-
de eine Einteilung in 27 Gebiete gewéhlt. Diese, urspriinglich von Grupp und Hinze (1994)
eingefihrte Klassifikation umfaft die folgenden Gebiete:

Tabelle 1 Die 27 Fachgebiete des SCI (nach Grupp und Hinze, 1994)

1.  Mathematics 9. Physical Chemistry |19. Pharmacology & Pharmacy

2. Materials Science 10. Organic Chemistry [20. Public Health

3. Food Science & Agriculture 11. Applied Physics 21. Pathology

4. Electronic Engineering 12. Solid State Physics [22. Neurosciences

5. Nuclear Sciences 13. Geosciences 23. Reproduction Medicine &

6. Mechanical, Civil & Other 14. Other Physics Geriatrics
Engineering 15. Ecology 24. General Medicine

7. Inorganic Chemistry & 16. Biotechnology 25. Internal Medicine
Engineering 117.  Microbiology 26. Research Medicine

|8. _Analytical Chemistry |18. General Biology 27. Immunology

Die genaue “Definition” dieser Fachgebiete kann der Literatur entnommen werden (z.B.
Braun et al. 1995). Da weder die Zuordnung von Fachzeitschriften zu den Subject Cate-
gories, noch die Zuordnung der Kategorien zu den 27 Fachgebieten eindeutig ist, und Auto-
ren mehrerer Lander an einer Publikation beteiligt sein kénnen (s. oben), sind die Makroda-
ten hinsichtlich der Zusammenfassung zu globalen Fachgebieten (z.B. Chemie, physikali-
sche Wissenschaften) und gréfBeren geographischen Einheiten (z.B. Europdische Union,
NAFTA) nicht additiv.
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Zur Grundausstattung des Programms “Visual Bibliometrics" gehort ein Datensatz, der den
Publikationszeitraum 1990-1994 umfaBt. Die dieser Studie zugrundeliegende Version nutzt
eine Beispieldatensatz aus Bereichen der Sozialwissenschaften. Dieser umfaf3t vier Fach-
gebiete der Sozialwissenschaften fiir den Zeitraum 1990-1992 (kumuliert) und zwar

* Business

Economics

Psychology and Psychiatry

Sociology.

Eine nahere Beschreibung dieses Datensatzes wurde in einer unlangst veroffentlichten Ar-
beit des Autors gegeben (Glanzel, 1996).

Da im Gegensatz zum SClim Falle des SSCI Zeitschriften sowohl vollstéandig als auch selek-
tiv erfafdt werden (fully bzw. selectively covered journals), kbnnen flr eine zuverlassige
Fachkiassifikation nur vollstandig erfaBBte Zeitschriften bericksichtigt werden. Sogenannte
selectively covered journals, die in einer Jahreskumulation zumeist nur durch ein oder zwei
Veroffentlichungen reprasentiert sind, werden ignoriert. Ein solches Vorgehen ist im Falle
des SCI wegen der vollstandigen Erfassung der Zeitschriften nicht erforderlich.

Die “Definition” der vier sozialwissenschaftlichen Fachgebiete mittels der erwéhnten I1SI-
Klassifikation wird in Tabelle 2 angegeben.

Tabelle 2 Definition von vier Fachgebieten der Sozialwissenschaften auf der Grundiage
der Fachklassifikation des 1SI

Social Science Field ~ |1sI Subject Category
1. Business Business

Management

Management & Operation Research
2. Economics Business, Finance

Economics

Planning & Development

3. Psychology & Psychiatry Psychology

Psychology, Applied
Psychology, Developmental
Psychology, Educational
Psychology, Experimental
Psychology, Social

4. Sociology Ethnic Studies
Sociology
Women's Studies
Demography
Family Studies

Das Programm berechnet zu allen Landern und Fachgebieten die folgenden bibliometri-

schen Indikatoren, deren exakte Definition und Interpretation der zum Programm gehérende

Hilfedatei entnommen werden kann, die auch eine Liste der relevanten Literatur zu diesem

Thema enthalt.

* Die Anzahl der Publikationen, die von Autoren eines Landes auf einem Fachgebiet verof-
fentlicht worden sind,
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deren Anteil am Gesamtpublikationsaufkommen der Welt (auf diesem Fachgebiet),

* der Anteil internationaler Publikationen, d.h., der Anteil von Publikationen mit Koautoren
aus anderen Landern,

* die beobachtete Zitierhaufigkeit, d.h., die Zahl der Zitierungen, die von Publikationen ei-
nes Landes auf einem Fachgebiet im Jahr der Versffentlichung und den darauffolgenden
zwei Jahren erhalten wurden.

* Die mittlere beobachtete Zitierhaufigkeit (Mean Expected Citation Rate - MOCR) ist der
Quotient von beobachteter Zitierhaufigkeit und Zah! der Publikationen.

* Die mittlere erwartete Zitierhdufigkeit (Mean Expected Citation Rate - MECR) wird analog
zur mittleren beobachteten Zitierhaufigkeit berechnet. Die Zahl der Zitierungen jeder Pu-
blikation wird hierbei durch den Impact-Faktor der Zeitschrift ersetzt, in der die jeweilige
Publikation erschienen ist. Das Ergebnis ist ein gewichteter Durchschnitt von impact-Fak-
foren, das Gewicht ergibt sich aus der Zahl der Publikationen des Landes pro Zeitschrift.
Der Impact-Faktorjeder Zeitschrift wird fiir den gleichen Zeitraum berechnet wie die beob-
achtete Zitierhaufigkeiten.

* Die relative Zitierhdufigkeit (Relative Citation Rate - RCR) ist das Verhaltnis von mittlerer
beobachteterund mittlerer erwarteter Zitierhaufigkeit. Ist RCR >1 (<1), so werden die Ar-
beiten der betrachteten Publikationsmenge haufiger (weniger) zitiert als im Durchschnitt
die Arbeiten, die in den entsprechenden Zeitschriften erschienen sind.

* Die normalisierte mittlere Zitierhdufigkeit (Normalized Mean Citation Rate - NMCR) wird
analog zur relativen Zitierhaufigkeit berechnet. Allerdings wird hier anstelle des Impact-
Faktors der jeweiligen Zeitschrift die mittlere Zitierhaufigkeit des jeweiligen Teilgebietes
verwendet. Obwohl die beiden letztgenannten indikatoren auf dem Vergleich der wirkli-
chen Zitierhaufigkeit der Publikationen eines Landes mit je einer erwarteten Zitierhaufig-
keit basieren, kénnen RCR und NMCR erheblich voneinander abweichen, n&mlich wenn
die Autoren eines Landes bevorzugt in Zeitschriften mit iberdurchschnittlich gro3em oder
geringem Impact-Faktor publizieren.

Fur das nationale Kurzprofil werden drei weitere Statistiken berechnet:

* Der Activity Index (Al) miBt das relative Publikationsautkommen eines Landes auf einem
Fachgebiet im Vergleich zum Weltstandard. Der Wert Al = 1 entspricht dem Weltstandard.
Al >1 (<1) bedeutet Giberdurchschnittlich groBe Aktivitat bzw. geringere Aktivitat als der
Durchschnitt. Die Gberdurchschnittliche Aktivitat eines Landes auf einigen Gebieten hat
notwendigerweise eine relativ geringe Aktivitat auf anderen Fachgebieten zur Folge, da
nicht alle Al-Werte eines Landes gréfBer als 1 sein kénnen.

* Dem Cooperation Index (Cl) liegt ein exponentielles Regressionsmodell von Schubert
und Braun (1990) zugrunde. Die Autoren hatten festgestellt, daB zwischen dem Publikati-
onsaufkommen eines Landes und der Zah! der internationalen Publikationen eine starke
Korrelation besteht. Cl mi3t die Abweichung des jeweiligen empirischen Wertes von der
Regressionskurve.

* Der Publications Strategy Index (PSI) (Glanzel, 1990) 148t sich als Quotient von der Wur-
zel aus NMCR und RCR formulieren (s. Braun und Glanzel, 1991). D.h., die Publikations-
strategie eines Landes auf einem Fachgebiet 148t sich als das Verhaltnis von zwei “relati-
ven" Zitierhaufigkeiten interpretieren. Diese vielleicht komplexeste Statistik des Pro-
gramms dient als MaB der Abweichung vom Gleichgewicht zwischen realer Zitierhaufig-
keit und den Impact-Faktoren der Zeitschriften, in denen die Autoren des Landes publizie-
ren, und den mittleren Zitierhaufigkeiten der Teilbereiche des betrachteten Fachgebietes.
PSI >1 deutet auf eine sehr "bewuBte" Strategie hin, wahrend PSI-Werte wesentlich klei-
ner als 1 auf eine sehr “traditionelle”, ja vorsichtige Strategie schlieBen lassen, die sich
oftmals in der bevorzugten Veréffentlichung in nationalen Zeitschriften, meist noch in der
L.andessprache ausdrtckt.
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Das Programm wurde zur Benutzung auf PCs unter Microsoft Windows ab Version 3.1 ge-
schrieben. Systemvoraussetzung ist ein AT 286/16MHz mit wenigstens 4 MB Speicher,
empfohlen wird jedoch ein 486DX/33MHz oder besser mit 16 MB Hauptspeicher.

3. Die Funktionen des Programms

3.1 Das Landerprofil

Nach der Auswahl eines Landes, des Fachgebiets und eines Publikationsjahrs (genauer:
einer Jahreskumulation der CD-Edition) erscheinen die Basisindikatoren und eine Kurzbe-
wertung der nationalen Daten (Profile) auf dem Hauptfenster (s. Abbildung 1). In unserem
Beispiel wurde das Land Deutschland, das Gebiet Soziologie und das Jahr 1992 gewahit. Im
Beispieldatensatz ist das Publikationsjahr lediglich von symbolischer Bedeutung, da hier aus
Kompatibilitdtsgriinden zu Glanze! (1996) die Jahre 1990-1992 kumuliert worden sind. Aus
diesem Grund ist auch die Option Trendanalyse in der Beispielversion des Programms nicht
verfugbar, und die entsprechenden Menueintrage und Sinnbilder sind in dieser Version grau
gekennzeichnet.

Das Landerprofil setzt sich aus den nationalen bibliometrischen Daten (s. oben) und dem
sogenannten nationalen Kurzprofil zusammen. Neben den indikatoren fir das ausgewahlte
Land werden in der Statuszeile auch die entsprechenden Fachgebietswerte, also Anzahl al-
ler Publikation und Zitierungen auf diesem Gebiet und die mittlere Zitierhaufigkeit des Fach-
gebietes numerisch angezeigt. Nur fur das nationale Kurzprofit wurde eine graphische Pra-
sentation gewahlt. Das Kurzprofil vermittelt eine knappe aber informative Charakteristik der
nationalen Publikationsaktivitédten, fir eine eindeutige Interpretation bedarf es jedoch der
Hinzunahme weiterer bibliometrischer Daten.

Visual Bibliometrics 1.8
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Abbildung 1 Das Hauptfenster der Oberflache mit Publikations- und Zitationstatistiken
und einem nationalen Kurzprofil
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3.2 Visualisierung bibliometrischer Daten durch vergleichende Diagramme

Weitere Fenster erméglichen einen direkten Landervergleich anhand von Diagrammen. Der
Anteil von Publikationen mit internationalen Koautoren am nationalen Publikationsaufkom-
men im ausgewahlten Fachgebiet (share of international papers) und das relative Publikati-
onsaufkommen in diesem Fachgebiet im Vergleich zum Weltstandard (Activity Index) wer-

den in Balkendiagrammen graphisch dargestellt (Abbildung 2 und 3). Das analysierte Land
ist im Diagramm dunkel markiert.
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Abbildung 3 Balkendiagramme geben Auskunit Gber das relative Publikationsaufkom-
men eines Landes auf einem Fachgebiet im Vergleich zum Weltstandard
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Ein relationales Diagramm (s. Braun et al, 1995) wertet das Verhéltnis von mittlerer erwarte-
ter und beobachteter Zitierhaufigkeit aus (Abbildung 4). Die Lander werden im Diagramm der
besseren Ubersichtlichkeit halber durch Buchstaben symbolisiert. Die mittlere Zitierhaufig-
keit sind durch Division mit dem “Fachgebiet-lmpact" (FI) normalisiert worden. Diese "Stand-
ardisierung” dient vor allem der besseren Vergleichbarkeit. So wird der Weltstandard fach-
gebietsunabhangig vom Punkt (1,1) reprasentiert, und die Einteilung in acht Sektoren, die
jeweils von Teilen der Geraden MECR/FI = 1, MOCR/F! = 1 und MOCR/FI = MECR/F1 be-
grenzt werden, ist fir alle Gebiete identisch.
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Abbildung 4 Das relationale Diagramm wertet das Verhéltnis von erwarteter und tatsach-
licher Zitierhaufigkeit aus

3.3 Bibliometrische Topographie

Eine geographische Karte dient zur Veranschaulichung der wichtigsten Publikationsaktivi-
tats- und Zitierstatistiken. Das Programm wahlt dazu die Landkarte des Kontinents zu dem
das ausgewahlte Land gehdrt (Abbildung 5).

Visual Bibliometrics - Eurepe
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Abbildung 5 Die geographische Karte dient der Visualisierung der wichtigsten Publika-
tionsaktivitats- und Zitierstatistiken
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Das Programm teilt zunéchst die Indikatorwerte des Aktivitdtsindexes (Al) und der Relativen
Zitierhaufigkeit (RCR) fiir alle Lander des ausgewahlten Kontinentes nach vorgegebenen
Werten (RCR) bzw. aufgrund eines statistischen Zuverlassigkeitstests (Al) in jeweils drei
Gruppen (niedrig, durchschnittlich, hoch). Die Lander erscheinen dann mit entsprechender
Farbgebung (RCR) und Schraffur (Al) auf dieser Karte. Lander, die wegen eines zu geringen

Puprlsikationsaufkommens in der Analyse nicht bertcksichtigt wurden, bleiben auf der Karte
weil3.

4. Ausblick

Es wurde eine visuelle Oberflache vorgestellt, die zur Erweiterung der Nutzungsméglichkei-

ten der CD-Edition des SCI und SSCI konzipiert wurde. Obwohl bereits diese Version auf-

grund maximaler Kompatibilitdt zu den CD-Ausgaben beider Datenbanken eine Riickkopp-

lung zu den Aufgaben des traditionellen Retrievals erlaubt, so lassen sich die Funktionalitat

des Programms und die Nutzungsméglichkeiten der zugrundeliegenden bibliographischen

Datenbanken noch erweitern. Fir die nachste Version sind unter anderem die folgenden Op-

tionen geplant:

1. Das Zitierfenster ist nicht mehr auf einen Zeitraum von jeweils drei Jahren beschrankt.
Die Zitationszeitraume sind innerhalb gewisser Grenzen variabel.

2. Fach- oder Teilgebiete kénnen vom Nutzer aufgrund eigener Zeitschriftenauswahl frei
definiert werden, d.h., anstelle eines vorgegebenen Fachgebiets kénnen beliebige Zeit-
schriftenlisten oder auch einzelne Zeitschriften ausgewahit werden.

Es wird erwartet, daB diese Optionen die Retrievalmoglichkeiten sowohl im traditionellen als
auch im bibliometrischen Sinne erheblich erweitern.

* kK

Diese Studie wurde zum Teil von der Alexander-von-Humboldt-Stiftung geférdert. Der Autor
mochte hiermit auf die Unterstiitzung dankend hinweisen.
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Abstract

This paper presents a framework for design of work support systems for modern, dynamic
work environment in which stable work procedures are replaced with discretionary tasks and
many action possibilities are available to the user. In this situation, classic task analysis is
less effective and a framework is therefore presented for work analysis, separating a repre-
sentation of the work domain, its means and ends, its relational structure, and the effective
task strategies among which the user may choose, from a representation of the users’ gen-
eral background, resources, cognitive style and subjective preferences. The aim is to design
systems for information seeking in complex work domains characterized by rapid changes in
users’ information needs that leave the freedom open to a user to choose a task strategy that
suites the user in the particular situation. An important feature of this approach is a human-
work interface with a transparent presentation of the action possibilities and functional/inten-
tional boundaries of the work domain relevant for typical task situations and user categories.
This is illustrated by examples from two different domains that merge the cognitive engineer-
ing approach with information science disciplines: the library domain, and information seek-
ing in the engineering design domain using the Internet.

Introduction

When computer based tools are introduced in the interface between people and their work
content a very significant information retrieval problem is created. In this situation, comput-
ers are mediators in the interaction between the user and the original information sources
and a systematic indexing and retrieval strategy must be developed which can match the
various information sources to the characteristics of the users and their cognitive tasks. In
the present contribution, an attempt is made to illustrate the cognitive engineering approach
to analysis of work systems and design of information retrieval systems. The cognitive engi-
neering approach is concerned with the design of information systems for support ot people
in their actual work situation based on a systematic analysis of their cognitive tasks and their
mental strategies. The cognitive engineering approach is different from the traditional Hu-
man-Computer Interaction approach having its focus on the human-work interaction as
mediated by a computer rather than on the human-computer interaction. The present design
of integrated work stations in communication networks for professional use and the attempts
to design ‘intelligent’ information services in communication networks matching both profes-
sional users needs at their work place in engineering design and also a casual user’s needs
during information retrieval in libraries call for a comprehensive domain independent frame-
work. Before the presentation of the framework applied in a current project called “Semantic
Information Retrieval in Communication Networks supported by Multimedia Techniques”,
follows a short introduction to this project (Pejtersen, 1995, Pejtersen et al., 1995).
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Information retrieval in Engineering design

Many engineering firms now use concurrent engineering design methods that emphasize the
integration of engineering, manufacturing, marketing and distribution, maintenance and re-
pair, disposal and recycling, and application end user knowledge. This increasingly requires
the seeking and integration of information about diverse fields from a wide variety of domains
and information sources simuitaneously. This is recognized as a major problem for profes-
sional engineers who face increasing difficulty in coupling their work-related information
needs to the content of heterogeneous information sources, for instance available through
networks. The consequence of this development is the need for computerized information
systems that are able to support dynamic cooperation in a complex network of cooperating
decision makers, including engineers, managers, and subcontractors, having very different
expertise and professional backgrounds, concerns and objectives, and information needs
within an organization and across organizations.

Properties of the engineering design domain

In the engineering design domain the properties are related to human intentions such as
company policies, plans, regulations and company strategies adopted for economic suc-
cess. The intentionality originating from the interpretation of environmental conditions and
constraints by management propagates dynamically downward and becomes implemented
in more detailed policies and practices by members of the design team. Making intentions
operational and explicit during this process requires instantiations by a multitude of local de-
tails that requires information stretching from physical product information to information
about cooperative patterns and work organization. The functional coordination depends on
the activities of the team members. Therefore, choice among many action possibilities re-
main to be resolved by situational and subjective criteria by the design participants at the
intermediate levels of an organization. This in turn implies that the individual agent faces a
work environment in which the regularity to a considerable degree depends on the intention-
ality brought about by colleagues.

The design task as exploration and retrieval in multiple domains

Field studies of engineering design illustrates how a design task, initially formulated as a
classical function-form transformation problem, propagates from ideas initiated by the tocal,
specialized function of a separate piece of equipment, through considerations of a more gen-
eral integration of its function into the wider activities of its user until, finally, changes in the
commercial strategies of the company are considered (Rasmussen, Pejtersen and Good-
stein, 1994). A design task formulated in rather specific functional terms evolves into a much
more complex discussion of basic company strategies, involving specialists in commercial
and organizational issues.

The studies show clearly that the decisions taken during an actual design task cannot be
represented by a prescriptive and well-ordered sequential progression from problem formu-
lation to solution. Instead this and similar cases show that a more realistic approach will be
based on separate yet compatible representations of the knowledge domains involved and
of the decision strategies and heuristics used for navigating in these domains. The studies
show that engineering design is characterized by iterations among several different do-
mains, which only are known in sufficient detail by different individuals, usually with different
professional backgrounds. A design task will begin with a mutual exploration of context by
the members of the group representing different perspectives on the design problem.

This mutual exploration of work domains has wider implications than for the ‘design task’ in
its traditional sense of designing a product for subsequent manufacturing. The decision proc-
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esses involved in many different situations in a modern, dynamic workplace also require a
non-trivial exploration of the work domains of other actors, groups, or organizations. When
work is no longer planned and organized centrally in accordance with a stable work practice
but instead depends on continual adjustments, up-dating, high tempo local re-planning,
there is a considerable element of design and domain exploration involved.

Thus there is a need for. the development of tools to support the mutual exploration of work
doma_ms during theideS|gn process. However the development of such an aid is not just a
question of compatible databases and computer systems as much as it is a fundamental

problem of structuring knowledge base contents to suit the search queries of the designers
in their open-ended ‘naming discourse’.

This means that the design of information systems to support domain exploration is not only
important for design in the traditional sense but also for planning in many other work situ-
ations. As a basis for identifying the requirements for an information system for domain ex-
ploration, a prototype system was developed to support information retrieval in public librar-
ies. The cooperation of a librarian and a library user who normally negotiate in a mutual ex-
ploration of the personal domain of the user as well as the domain of the available book stock
is a good example because it is a well defined problem context and has been subject to a
careful analysis (Pejtersen, 1992). A short summary of field study results from the library
system relevant for engineering design is introduced in the paragraph of the presentation of
the cognitive framework.
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Figure 1 illustrates the research questions iliustrated as input from field analysis to the func-
tionality of an information retrieval system as follows: Means ends analysis provides the input
to a classification scheme for formalization and structering of the information sources, task
concepts and quiries to determine the indexing language at different abstraction levels,
search strategies and mental models to determine the retrieval methods required as well as
the different search dialogues and representations of the database content underlying each
strategy, and finally users’ training and levels of cognitive behaviour. The left part of the fig-
ure shows the functionality and the corresponding choices that have to be made by a system
designer, illustrated as choice among available techniques and concepts proposed in infor-
mation science.

Research Questions and field studies

The aim of the engineering design project is to understand and describe the information
needs and search behavior of a professional design team as a basis for formulation and
specification of an information system that effectively supports the access to a wide network
of heterogeneous databases. Field studies focus on the activities of an industrial design
team including the foliowing questions:
* Identification of the various information sources (databases) that are relevant for a design
team from an analysis of their information needs, description of the knowledge domain in
which the databases originate, together with an analysis of the knowledge representation
and indexing method applied by the professionals creating the information sources.

* Analysis of the knowledge representation and information search strategies applied by the
design team. This includes study of the query language that is natural to their decision
style and development of an indexing strategy to make information retrievable from the
perspectives of the participants of the design team.

* Analysis of the cooperative patterns within a design team and the changing roles of the
individual members of the team during the various phases of a design scenario, to under-
stand the potential of modern workstations in the design activity. In addition, in present
design activities, much information is communicated during meetings and face-to-face en-
counters by informal and often non-verbal means. This has to be carefully studied to be
able to judge the limitations of the transfer of communication to workstations.

* Analysis of the potential for a user system dialogue and a multimedia, adaptive interface
system that can serve the transformation between user and database semantics, neces-
sary for effective information retrieval. This analysis will provide insight into how continu-
ously evolving computer networks and entities (databases etc.) that link a large number of
information items of differing sizes, capabilities, requirements and administrative struc-
tures distributed in space and accessed within short time spans can be made available in
a mode compatible with user semantics.

¢ Development and evaluation of a computer based multi - and hypermedia, prototype sys-
tem interfacing and coupling heterogeneous information sources to users’ semantics ance
the important problem of organizing and representing the information has been solved.
Since complex communication network systems are characterized by a variety of informa-
tion a trade off has to be solved between the need for a uniform structure from the users’
domain perspective and the need for representation and madeling each entity or piece of
knowledge in a format suitable for that entity. Interfaces between clients and servers
should be designed to deal with this problem of heterogeneity.

Engineering designers have different expertise and professional background and their actual
problems during the initial phases of design are not known in any great detail in advance.
identification, in general terms, of typical work scenarios to identify the queries during deci-
sion tasks and various work strategies that might be chosen by the relevant user groups is
currently being conducted.
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Some database design problems

The problems faced when designing databases for domain exploration and information re-
trieval in engineering design are currently being investigated in field studies of two design
cases. During a typical work situation in engineering design, a great variety of information
sources are relevant. Observation of the functioning of the parts of the product being devel-
oped, seeking, storing and reading diverse information from databases, journals, proceed-
ings, handbooks and datasheets, verbal information in case reports, letter files, emails and
faxes, verbal and non-verbal communication with cooperators, subsuppliers and network
contacts in other companies, etc. Furthermore, the formats in which the information is re-
trieved from all these sources should- but do not- match the needs of a user in a particular
work situation. In this situation, the information sources and the ‘indexing’ format will not be
standardized and no professional mediator will assist the designer.

Some of the key problems to be considered for system development are related to the crea-
tion of crossdiciplinary databases covering the different domains relevant for design and de-
velopment of compatible schemes for semantic analysis and representation of diverse infor-
mation sources:

* Several work domains, departments within companies and across branches world wide,
subsuppliers. Competing companies, organizations and public services will be involved,
both as users and information suppliers.

* The information originate from a large variety of sources, such as fairs and exhibitions,
research institutes, subsuppliers, other companies, various technical services, textbooks
and handbooks of numerous professions and services, laws and regulations, international
standards, manuals and instructions, laboratory experiments.

* The fact that the information sources are found in many different organizations and set-
tings, which all tend to index information to local needs - if they index it at all- create major
policy problems when attempts are made to design an integrated data base organized
according to user needs in a particular organisation and task situation.

* |t will be neccessary to coordinate large, inhomogenous data bases, planning for coherent
information retrieval in data bases supplied by several different institutions services and
cooperators, and selecting data attributes and representation formats compatible with
user needs. Communication networks and Internet sources will be part of the coordination
of external and internal information sources.

* The elements in data bases for storage and retrieval should be characterized along all the
dimensions of a user’s needs, and, therefore be compatible with the concepts used by
users. Several different categories of relationship among concepts will be used for differ-
ent purposes. The most typical categories are relations along the means-end dimension,
set membership relations of a generic hierarchy, whole-part relationships, descriptive at-
tributes, cause-and-effect relationships, and episodic relationships referring to the context
of prior experience. Therefore, it will be necessary to develop classification schemes that
allow for the user to retrieve information using queries and concepts belonging to these
different categories.

* Both intentional company information and physical product information is badly structured
and, in particular when new designs are initiated, its constituents and properties may be
unfamiliar to the design participants. Important information will depend not only on obser-
vations and analysis but on judgments based on experience from previous, similar cases,
on recognition primed decisions. Design of data bases which make data from previous
technical analysis, design information, data from previous cases, preferably in the form of
heuristic rules, will require a systematic scheme with retrieval attributes compatible with a
user's changing needs during the decision task.

* Several different interface representations of information sources will be needed to dis-
play the database content in a way that match the menta}l model; of the.dlfferent sez_arch
strategies applied by designers among which search for information similar to a previous
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case is the most predominant. The appropiate form of the presentation will differ depend-
ing on the users’ domain knowledge and professional background.

Support of a semantic coupling of 1) intentional work domain information and physical prod-
uct information and 2) heterogenious information sources to design participants’ tasks, infor-
mation needs, concepts, queries, knowledge and expertise calls for a study from many dif-
ferent perspectives of the total context of the work situation in which information has to be
used. As the number of entities and relationships is very high in any situation, the analysis
cannot aim at an exhaustive description, but will include descriptions of prototypical task situ-
ations and decisions from the perspective of each of the dimensions of the framework. Figure
1 shows on the right hand the framework for cognitive work analysis currently adopted in field
studies, while the left hand shows how this analysis will provide criteria for determination of
the content and form of the functions of a computerbased information retrieval system as well
as provision of specifications for the formalization of the input to the database system.

Analysis of Work and System Design

Several different dimensions of analysis are necessary and in the subsequent sections a
framework for cognitive work analysis will be discussed as it has emerged from our field stud-
ies (Rasmussen, Pejtersen and Goodstein 1994).

Basically, human actors are goal directed and learning beings. Great diversity in behavioral
patterns is found among the members of an organization. No two individuals are occupied by
the same activity; nor will a task be performed in exactly the same way twice. The variety of
options with respect to ‘what to do when and how’ in many work situations is immense. In
order to predict why a particular piece of behavior is chosen instead of another possible pat-
tern, we have to understand how the action possibilities, that is the action aiternatives in a
particular situation, are eliminated such that one unique sequence of behavior can manifest
itself. As long as action alternatives remain, behavior is indeterminate untit a choice is made.
In other words, we have to identify the constraints which shape behavior by guiding the
choices taken by the individual together with the subjective performance criteria which are
applied by the individual actors to resolve the remaining action possibilities. A problem in
identifying behavior shaping constraints by studies of work performance is that they will not
all be active at the time of the behavior they control. Behavior has a prehistory. Patterns of
behavior evolve; they have been shaped by prior decisions and choices. For an unfamiliar
situation, behavior is planned by situation analysis, goal evaluation, and a conscious choice
among the different options for action. In this way, behavior shaping constraints are explicitly
considered. In contrast, for the recurrent and familiar situations the behavior shaping con-
straints are being compiled by learning into flexible cue-action patterns and will no longer be
active. To develop a model of human performance useful for system design it is, however,
necessary to identify these ‘hidden’ constraints in order to predict and understand behavior
even if they are no longer needed for the control of behavior at the time of analysis. It is not
enough to analyze how people currently work, it is necessary to predict the categories of
behaviour that can be expected in a new situation with access to a computer based informa-
tion system.

Work Support Systems

In modern, dynamic work environments learning new requirements is often needed and a
stable, generally accepted work practice may not have time to emerge. Consequently, task
performance is likely to vary among individuals and to change with work conditions. Support
of work by normative decision tools and advice systems very likely will miss the point. There-
fore, support systems for these work domains should be designed to present the state of
affairs in the work domain with clear reference to the objectives and constraints to be respec-
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ted, that is, to make the ecology of work visible. This implies work support by presenting
maps of thg territory of work at a level of representation relevant for the particular task rather
than by giving advice about how to work.

For.design qf a visib]e ecology pf worl§, a framework for analysis must be able to capture the
basic behavior shaping constraints guiding the evolution of work practice and must anticipate
changes in these constraints that result from the introduction of new work tools.
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Figure 2: Shift in language to relate descriptions of work and of cognition. The figure illus-
trates the problem faced when developing a framework for predictive models of behavior in
a complex work context. Several layers of representation in different languages are neces-
sary in order to be able to relate cognitive and emotional characteristics of a particular agent
to the characteristics of a work environment.

A Cognitive engineering framework

Such a framework must serve to represent the characteristics of both the physical work en-
vironment and the ‘situational’ interpretation of this environment by the actors involved, de-
pending on their skills and values. In order to relate a description in work domain terms to a
description of human resource profiles and subjective preferences, several different per-
spectives of analysis and languages of representation are necessary, see figure 2.

Consequently, a work analysis is necessary which includes several different dimensions: 1)
First, a topographic delimitation of the work space should be found and an explicit identifica-
tion of the goals, constraints, and means for action which are available to an actor. This
analysis determines the set of information sources which are relevant for the work system.
Next, the information needs in the relevant work situations must be identified, this involves
the following three steps, namely 2) a delimitation in time to determine the task situation will
be made, followed by 3) a delimitation and shift in representation language to describe the
decision task and, finally, 4) the mental activities and a related shift in language, in order to
have a description compatible with 5) a representation of the actor’s cognitive resource pro-
file and performance criteria. This framework supports a step-wise narrowing down of the
action possibilities faced by an actor and, in addition, the necessary shifts in language of
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description when going from the context of the work domain (the information sources), the
task situation, the decision and information processing task (that is determining the informa-
tion needs), onto human cognitive and emotional factors (defining the user’s interpretation of
information).

Analysis of the work Domain: The Information Sources

A representation of the territory of work should identify the entire network of means-ends
relations relevant for all activities relevant for system design. That is, in Ashby's (1962)
terms, the world of ‘possibilities’ or ‘the requisite variety’ which is necessary to cope with all
the requirements and situations which may appear during work. In other words, it represents
an inventory of all relevant information sources in a global knowledge base.

This domain representation defines the functional inventory of the work system, that is, the
functional territory within which the actors will navigate or, in ecological terms, the affordance
space. The means-ends representation is structured in several levels of abstraction as fol-
lows: The lowest level of abstraction represents the physical anatomy of the system and the
appearance of its elements, that is, its material configuration. The next higher level describes
the physical work activities and processes of the various elements in a language related to
their specific material properties {e.g., physical, mechanical, electrical, or chemical proc-
esses). At the level above this, work functions are represented by more general concepts
without reference to the physical processes or parts by which the functions are implemented.
At the level of abstract function the functional implications are found which are used to set
priorities and coordinate resource allocation to the various general work functions and to
compare their results with the goals and constraints formulated at the upper level. This level
of abstract functions represents functionality / intentionality in terms of flow of values for
which laws of conservation are valid, such as monetary values, energy, material, people,
etc.. An important feature of this complex means-ends network is the many-to-many map-
ping found among the levels. If this was not the case, there would be no room or need for
human decision or choice.
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Figure 3. Any system can be described at several levels of abstraction. When moving from
one level to the next higher level, the change in system properties represented is not merely
a removal of details of information on the physical or material properties. More fundamen-
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tally, information is added on higher-level principles governing the co-functioning of the vari-
ous elements at the lower level. In man-made systems these higher-level principles are natu-

rally derived from the purpose of the system, i.e., from the reasons for the configurations at
the level considered.

At the lower levels, elements in the description represent the material properties of the sys-
tem. When moving from one level of abstraction to the next higher level, the change in sys-
tem properties represented is not merely a removal of detailed information about physical or
material properties but information is added on higher-level principles governing the co-func-
tioning of the various elements at the lower level. In man-made systems, these higher-level
principles representing co-functions are derived from the purpose of the work system, i.e.,
from the reasons and intentions behind its design and operation, see figure 3.

In the work domain description, the substance matter of a work system will be represented at
several levels of abstraction which represent goals and requirements, general functions,
physical processes and activities as well as material resources. The need for human deci-
sion making is present only because of the many-to-many mapping among the elements at
the various levels. In any work domain, there are many action possibilities and options for
choice in the means-ends network which have to be eliminated by a decision which is guided
by functional (product) criteria as well as subjective performance (process) criteria. Any work
function (“what” should be done) can be seen both as a goal (“why” it is relevant) for a func-
tion at a lower level, as well as a means for a function at a higher level (“how” this higher level
requirement can be met).

In addition, any function (*what”) will influence several objectives and constraints (“why”)
since acts usually have side effects in addition to their primary goal. Several different con-
straints may have to be considered when judging the upward propagation of the effects of
acts. Likewise, any function may be served by different means at the level below (“how”) and
several functions may require the same means and thus compete for their services. The re-
sult is a very complex means-ends network from which only a particular sector is relevant for
each work situation. Thus the work domain representation is a useful map and memory aid
in the effort to identify the relevant relationships controlling the propagation of inherent/natu-
ral changes as well as those caused by system design modifications.

To ensure effective information retrieval support, it is necessary to make information about
work domain properties accessible to decision makers from several perspectives. Any
knowledge item can by needed in response to different queries such as: “what” is available,
“how” can this be accomplished or “why” is this done? This means that the search terms are
not objectively defined by the collection of stored items but by the contexts made available by
the means-ends hierarchy. The relational structure found in the domain representation there-
fore is well suited to identify proper retrieval labels for the knowledge items in the global data
base. (An example can be found in Pejtersen1993).

Work Domain Properties

Another way to look at the sources of regularity of the behavior of a goal oriented system is
to consider them as behavior shaping constraints to be respected by actors working in the
system. Any actor striving to control the state of affairs within a work system will havg to op-
erate on and through the internal constraints of the system and, consequently, the internal
constraints of the work domain constitute the necessary sources of information for the ac-
tors. Control involves a change of the parameters of relational constraints in order to intro-
duce a propagation of effects ultimately bringing the system into the intended goal or target
state. This control involves operation on the causal constraints of the physical part of a sys-
tem, or on the intentional constraints originating in the other actors of the system. Whether
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one or the other mode of control is appropriate, depends on the task situation and the struc-
ture of the system. '
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Figure 4: Some basic properties of different work domains. The properties of work domains
and tasks vary along many dimensions which underlie the work framework. However some
of the properties can be gathered together to generate typical cases. Thus the figure illus-
trates a continuum stretching from domains constituted by “natural environments” with
loosely coupled assemblies of objects on the one hand to highly structured and tightly cou-
pled technical systems at the other extreme. System design considerations at these two ex-
tremes will, of course, have to be very different. information and library science research in
system design and the general Human Computer Interaction design guideline development
is traditionally focused on the left part of the map. Much CSCW (Computer Supported Coop-
erative Work) effort is focused at the center of the map.

The properties of different work domains represent a continuum from tightly coupled, techni-
cal systems where the intentional properties of the work domain is embedded in the functions
of a control system, through systems where intentionality is represented by social rules and
values, to systems in which the entire intentional structure depends on the actual users’ sub-
jective preferences, see figure 4. The relationship between the causal and intentional struc-
turing of a work system, and the degree to which the intentionality of the system is embedded
in the system or brought to work by the individual actor is an important characteristic of a work
domain to be considered in the design of information systems.

Example: The work domain in libraries is very loosely coupled, constituted by a large collec-
tion of similar information carrying items in dissimilar media and a set of separate tools, such
as computers, catalogues, printed and multimedia materials. The institutional intentionality
is derived from financial constraints and legislation concerning the role of libraries in public
education and their mediation of information and cultural values. In work systems designed
for meeting the personal needs of a user in work, education and leisure, the intentionality
governing the use of computer systems within the institutional policies and constraints, is
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exercised entirely by the user. Many action alternatives underlie the choice of ‘what, when
and how to do’, and these are left to the discretion of the users. The ‘work space’ activated
within the domain is basically a collection of information items with no natural functional
structure. Accordingly, special means are necessary to support retrieval in terms of making
the actual object of work explicit and visible and to support exploration of the relational struc-
tures and boundaries of the subject domains. The representation of the field in which the
search is done, that is, the semantics of the content of the information items must match user
values and needs: Making information about book contents available in computer interfaces
at multiple intentional levels according to the user's needs (figure 5).

Analysis of Task Situations: Decision Makers’ Information Needs

In order to identify the information needs of decision makers in a particular work situation, an
analysis of the cognitive decision tasks and the relevant mental strategies is necessary. The
first step in this analysis is the identification of the task expressed in domain terms.

Activities in Domain Terms.

The work domain description discussed in the previous section is a stationary and, in the
short run, situation independent representation of the options for choice among alternative
means-ends relations. The representation is an inventory map of the options of the actors in
all relevant work situations. it will, in general, be very complex simply because all “possibili-
ties,” should be included even if they are only implicitly present in the established work prac-
tice at the time of analysis.

Traditionally, the identification of work requirements in a particular situation is done in terms
of a task analysis to produce a description in terms of sequences of actions. As mentioned,
this is no longer an adequate approach when tasks are discretionary. instead, activities must
be decomposed and analyzed in terms of a set of problems to solve or a set of prototypical
work situations which represent recurrent, natural islands of activity which have reasonably
well defined boundaries.
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Figure 5: An information system is organized so as to match the semantic dimensions of the
information sources to the intentions of the users and the functionality of the system to the
search strategies which are naturai to the user for a given problem situation. For the library
system the functionality to built into the retrieval system has been identified by an extensive
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analyses of users’ search behavior and an explicit formulation of the dimensions of the ex-
pressed reading needs. The dimensions of the user needs define the structure of the data
base. The semantics, the indexing of the items of the data base match the users’ query lan-
guage while the search strategies define the search dialogue and the retrieval functions.

The activities are labeled in work domain terms, that is, in the terms of e.g., manufacturing,
libraries, or hospitals. For each of these work situations, the relevant sub-set of the means-
ends relations, that is, the “actualities” will be instantiated and control the behavior of the
involved staff.

The identification of the functional information which is relevant in a particular situation is
rather straight forward. This is not the case for the intentional information. In most loosely
coupled work systems, many action possibilities are found at the intermediate levels, and the
institutional intentionality, propagating top-down, will be dressed-up by local, situation and
person dependent criteria. Therefore, identification by an actor of the locally relevant, inten-
tional information depends on the ability to identify the state of affairs at cooperating agents’
work places and their actual intentions. In many cases, actors judge the intentions of coop-
erators through non-verbal channels or establish, if necessary, informal communication
channels for that purpose. This intentional communication is a key problem for design of
computer support of cooperative work.

Activities in Decision Making Terms.

In the previous section, activities are analyzed in work domain terms. At a certain level of
analysis, however, it is necessary to switch to a description in decision making terms in order
to determine the information requirements of a task and to have a representation which can
serve the formulation of mental strategies and the analysis of their match with the compe-
tence and cognitive resources of the individual actor.

Decision making is more manageable when decomposed into subroutines connected by
more or less standardized key nodes. Such prototypical nodes represent states of knowl-
edge about different features of a task and are very useful for linking different processes, for
bringing resuits from previously successful subroutines into use in new situations and, for
communicating with cooperators in decision making. This is important since a complex deci-
sion task may be shared, not only by a number of cooperating team members but also,
across time with procedure designers, system programmers and computers.

The decision ladder illustrated in figure 4 represents the set of generic sub-tasks involved in
decision making. The figure shows that a decision can be decomposed into a number of ge-
neric information processing functions connected by various ‘states of knowledge’ about the
problem domain. As indicated, the various sub-tasks depend on a number of decision func-
tions such as analysis, state identification and classification, prediction of responses to hy-
pothetical acts, value judgment and choice, resource evaluation and planning, execution
and, to close the cycle, analysis and monitoring of results. These decision functions build on
different reasoning processes; they are based on different kinds of mental models and they
use different kinds of data. Therefore, the ‘states of knowledge’ need to be expressed in
terms suitable for tinking them and, therefore, identifies the information needs with reference
to the relevant information sources in the means-ends representation.

Example: Major cognitive decision task elements during the information retrieval task in-
clude decisions about questions such as the user’s problem, why the search,what is the
user's goal and the possible constraints from the work context. How to search, planning and
execution of the search strategies and procedures. How satisfying is the result, comparison
of match between the search result and the user’s need. These decisions are carried out by

54



a n.umber of observations and procedures that involve identification of the state of affairs,
action to take, objects to use, goals to pursue, agents involved etc. See figure 6.
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Figure 6: The decision ladder represents the sequence of basic information processes in a
decision task together with a number of heuristic short-cut paths. It serves to identify a
number of basically different decision functions such as situation analysis, value judgment,
goal evaluation and planning, which are used to connect different “states of knowledge” with
respect to the activity in the work domain. Such “states of knowledge” are used as standard
key nodes for the exchange of information between basically different decision and informa-
tion processes and for communication between cooperating agents. The decision task in in-
formation retrieval is chosen as an example and it is represented within the framework of the
decision ladder. The analysis of book content is shown dotted to indicate that it may not take
place on occasion.

Mental Models and Strategies.

This dimension of analysis serves to identify the mental strategies which canbe used and are
likely to be chosen by an actor. The context of reasoning, that is, the causal and/orintentional
field within which analytic reasoning and perceptual judgment will take place, depends on the
mental strategies applied. The choice of strategy depends on the competence and perform-
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ance criteria of the individua! actor and, therefore, determines the actual information needs
at the detailed level.

It is well known that several, basically different mental strategies can be used for a decision
task. This has been studied for diagnosis (Rasmussen et al., 1974) and libraries (Pejtersen,
1979). Analysis of information retrieval strategies demonstrates that the context in which rea-
soning for identification of and diagnosing information needs and planning a search takes
place in the various strategies can be of a very different nature. In diagnosis by recognition,
the context is only implicitly defined in terms of the pool of episodic experience possessed by
the actor. In diagnosis by analytical decision search, the diagnostic context is a hierarchically
ordered set of categories found by induction or deduced from a mode! of the structure of the
users’ intentions. For diagnosis by hypothesis and test, the diagnostic context is a repre-
sentation of the functional structure of the system used for deduction of a postulated cause
to be matched with the observed symptoms. In diagnosis by topographic search for the loca-
tion of an error, the diagnostic context is a representation of the physical or functional anat-
omy of the system.

During a work situation, frequent shifts among strategies will take place. Different strategies
pose very different resource requirements with respect to time taken, type of mental model
required, number of observations necessary, etc. Shift of strategy, therefore, is a very effec-
tive way to circumvent local difficulties along the path of work. An important implication of this
is, that information system should support all the strategies relevant for a task to allow users
to shed mental work load by shifts among strategies. Forcing users to work through problems
using only one strategy, preferred by the designer, rather than to pass around them by an-
other strategy will strongly influence their acceptance of a system. it is, therefore, important
to study how the choice of and shift among mental strategies influence the interpretation of
behavior shaping constraints and their proper representation in interfaces of information sys-
tems. The strategies, their context, and the perspective taken by the actor will change dy-
namically during a decision task.

Example: To illustrate the nature of various retrieval functions needed to support a variety of
user preferences, an analogy is drawn to the search strategies identified in libraries:

Formal attribute search. The user is able to specify the information needed in formal indexing
terms. This strategy appears to be a kind of decision table search using exclusive, hierarchi-
cal classification systems.

Analytical search. The user analyzes the actual situation in terms of the causal chain of
events and the corresponding attributes of document content and users’ needs. This strat-
egy is the rational, problem solving strategy.

Search by analogy. The user identifies the information need by reference to a similar case,
for which search profiles and document content are known from the past.

Empirical strategy. This strategy represents the use of shortcuts by the skilled user. it is
based on the user’s prototypical classification of documents and the related search ap-
proaches. Since the approach is shaped by a user’s individual experience, computer support
requires an adaptive information system in which the user can categorize and index informa-
tion according to subjective attributes.

Browsing strategy. Finally, an information seeker may have a need which is so ambiguous
that a specification of a search template is impractical and, instead, the contents of the data-
base is scanned to find a match with an intuitively framed need. Support of this strategy re-
quires an empirical study of the associative structures of a particular group of users. Each of
these strategies requires a different indexing of the items of the knowledge base and a par-
ticular retrieval function (Pejtersen, 1986).
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Cognitive Control Structures: User’s Interpretation of Information

Humans have different modes of controlling their interaction with the environment. During
familiar circumstances, sensory-motor routines take care of the interaction by integrated pat-
terns of movements. Once in a while, a direct chaining of motor patterns is not possible be-
cause two or more familiar patterns compete and, therefore, a conscious choice is necessary
according to some stored rule (procedural knowledge).

In some cases, no course of action is known beforehand and therefore a shift is necessary to
a problem solving mode involving ‘thought experiments’ based on a mental model (declara-
tive knowledge). In a complex work situation, this leads to a very dynamic interaction be-
tween three different levels of cognitive control which elsewhere have been described as the
skill, rule, and knowledge-based control levels - the SRK-model (Rasmussen 1983). The in-
teraction is illustrated by figure 7 which serve to show that the three different levels of cogni-
tive control are based on different kinds of mental representations and different interpretation
of the available information in terms of signals, signs, and symbols.

The three levels of cognitive control interact in a very compiex manner, see figure 8. The
flexibility of skilted performance is due to human abilities to compose from a large repertoire
of prototypical movement patterns the sets suited for specific purposes. The particular pat-
terns are activated and chained by cues perceived as signs and no choosing among alterna-
tives is required. During skill-based performance, higher-level control may be active, con-
sciously anticipating upcoming demands and thus updating the state of the dynamic world
model and preparing it for the proper response when the time comes.
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Figure 7: Levels of cognitive control and levels of interpretation of the work system content.
At the skill-based level, control takes care of the coordination of movements based on infor-
mation interpreted as ‘signals’; at the rule-based level, actions are controlled through the
proper sequencing of actions by stereotype cues, that is, ‘signs’ and, finally, the knowledge-
based level takes care of the planning of actions for new and unfamiliar situations by reason-
ing based on symbolic information. The figure illustrates the interaction between control of
movements, control of actions, and planning of actions during search in knowledge bases.
The different levels of cognitive control of the interaction through an interface to a library sys-
tem is illustrated in the figure, which basically shows the distinction between control of physi-
cal manipulations, intentional actions, and planning of the activity.

At the rule-based level, conscious attention may run ahead of the skilled performance, pre-
paring rules for coming requirements. It may be necessary to memorize rules, to rehearse
their application and to update more general rules with the details of the present environ-
ment. Stored rules will frequently be formulated at a general level and, therefore, will need to
be re-formulated and supplemented with details from the current physical context. In other
cases, rules are not ready, and successful coping with a similar situation in the past is memo-
rized to establish a transfer. In general, control at the rule-based level requires a conscious
preparation of the sequence beforehand or else a break in the smooth performance will take
place. The conscious mind operates only very infrequently in synchronism with the interac-
tion with the environment. Attention will wander ahead to identify a need for rules in the fu-
ture, and backwards in time to recollect rules from past encounters. The composition of a
sequence of stored rules can be derived empirically during previous occasions, or instructed
by another person (e.g., a work procedure or cookbook recipe). If this is not the case, rules
must be prepared on occasion by conscious problem solving and planning based on decla-
rative knowledge - that is, a functional model of the environment.
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Figure 8: Schematic map illustrating different levels in cognitive control of human behavior.
The basic level represents the highly skilled sensori-motor performance controlled by auto-
mated patterns of movements. Sequences of such sub-routines will be controlled by stored
rules, activated by signs. Problem solving in unfamiliar tasks will be based on conceptual
models at the knowledge based level which serve to generate the necessary rules ad-hoc.
Skill-based behavior depending on a repertoire of sensori-motor patterns rule-based behav-
ior, involving attention on cue-classification and choice among alternative responses or re-
call of past scenarios to prepare for future action and, finally, knowledge-based behavior
based on situation analysis and action planning based on a mental relational modet.

As expertise evolves, cognitive control shifts between the levels of control. An important
point is that the behavioral patterns of the higher cognitive levels do not become automated
skills. Automated patterns of movements evolve while the activity is controlled and super-
vised from the higher levels. When a state of expertise is attained, the basis for the higher
level control (i.e., conscious declarative and procedural knowledge) very likely will deterio-
rate.

Following the lines of reasoning suggested above, the transfer of control to new mental rep-
resentations is a very complex process involving changes along several different orthogonal
dimensions. Controi by a structural, functional model wili be replaced by empirical procedural
knowledge concurrently with a shift from a symbolic to a stereotypical sign interpretation of
observations. At the same time, the underlying sensory-motor patterns will become more
complex and integrated. This means that the acquisition of expertise involves at least three
concurrent and structurally independent changes - in terms of aggregation, of shifts from
declarative to procedural knowledge and of a ‘symbol to sign to signal’ shift in the interpreta-
tion of information.

This interaction between levels of interpretation of information varying with the level of exper-
tise and training in a particular task has important implications for the way a user will access
information made available by a computer. For support of the sensori-motor routines of an
expert, the user should be able to act directly on the display, and interpret information as
time-space signal patterns. Support of know-how during ambiguous situations, a consistent
one-to-one mapping between the relevant actions and the cues or signs provided by the in-
terface should be provided and, finally, for situations requiring problem solving, repre-
sentation should serve as an externalized mental model that will support symbolic probiem
solving.

In this way, the selection of the ‘calling conditions,’ that is, the retrieval labels attached to the
information items of the knowledge-base of an advanced information system becomes a very
complex issue which call for a more intimate cooperation between information and library
science and cognitive engineering. This problem is even more complex because several dif-
ferent kinds of knowledge representation are in use for work analysis and system design.

Cognitive Coupling to Work

The discussion in the previous sections of the various dimensions of analysis of cognitive
work illustrates the very complex coupling of the cognitive processes of the user to the rela-
tional networks representing the sources of regularity of the work domain. This dynamic cou-
pling is related to several levels of relational networks in the means-ends representation, to
several modes of cognitive control and to different time horizons - each of which may change
with the actual work situation, even within the same work domain.

Figure 9 serves to illustrate that the coupling between the cognitive functions of a user and
the knowledge sources of a computer mediated work system is more complex than the meta-
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phors in terms of ‘gulfs of interpretation and execution” frequently used within the HCI para-
digm suggest (Norman, 1986).

User
Cognitive Level:
Analytical Reasoning
Response to _y. interms of needs o Intention for
search question and information content T retrieval action
Know-How: heuristic
search routines
Skill based use of retrieval

tools :
‘ oy
 Information integration by: | Sgnltj"ec’rigef zct.non
- users cognitive evaluafion Interface: | S c?)ns o ousybl anning
| - computer routine Coupling of ' _ intelligent agent:
.‘ - direct perception of 3 database ~ direct manipulation
i configural , to User L
{ . - automated
| representation ‘ manual routine
VYV | el e
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—Information items ————Interface keys—

| Multimedia sources in database:

information found at seweral lewels of abstraction:

- Goals and values; Priorities;

- Functionnal relations; physical processes; and

- Configuration of tools, objects and their configuration
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Figure 9: Cognitive user-work coupling in ecological interfaces for information retrieval sys-
tems.. Human actors plan and control activities at three different cognitive levels: a high con-
ceptual , conscicus and knowledge based level, know how about features relevant for the
occasion that are directly and selectively perceived, and automatic manipulation of interface
information in which case the movements necessary for an activity are not consciously con-
trolled. When a decision has caused an intention to act, subconscious sensori-motor mecha-
nisms will take over the control of movements. The aim is to design interfaces that couple the
levels of database conient to the users’ different levels of control and thus support users in
interacting with the system at the level corresponding to the users’ familiarity with the situ-
ation.

In system design, it is important to consider both that all knowledge items will be called upon
by very different labels, depending on the work context and the mental strategies preferred
by the user and that the form of presentation shouid support several ievels of cognitive inter-
pretation. It must be taken into account, that the users’ expertise during a particular situation
will vary depending on the unigueness of the situation and the general competency of the
user. Consequently, the retrieval system must be able to respond appropriately to different
queries belonging to different modes of interpretation of the information by the user. In this
situation, system design requires a close cooperation among expertise in the work domain in
guestion, cognitive engineering expertise and information and library science expertise.

Example: The interface representations of the contents of the work domain required for the
strategies identified in libraries are very different; For example, the analytical search requires
a faithful model of the means-ends structure of the domain; the formal attribute search de-
pends on a formal decision tree based on formalized index terms, the search by analogy
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requires a representation of previous cases by attributes related to previous readings and
successful planning of a search. Finally, empirical search depend on subjective classification
of cases and search efforts, and induction from past encounters.

The form of interface presentations and the means supplied in support of users’ navigation in
the displays representing the various strategies depend on the users background. The struc-
ture of the work domain in libraries depends on the actual user situation and varies from situ-
ation to situation and, therefore, the invariant domain structure is found to shape user navi-
gation in users’ intentions and value criteria. In addition, several different categories of users
having different professions and knowledge backgrounds should be supported. In conse-
quence, an overail structure of the knowledge base, as viewed by the user, that can facilitate
the user’s navigation should be introduced by aninterface system based on metaphors famil-
iar to the user from other activities (Pejtersen, 1992).

Iterative use of the framework in Field Studies

When planning field studies for system design, cross-disciplinary studies should be carefully
considered up front including ethnographic methods for observations and interviews and
hermeneutic and phenomenological approaches to data analysis. This analysis also re-
quires expertise in the particular work domain, both with respect to the core technology of the
domain and the work practices, competence in work psychology, decision theory, cognitive
psychology and social management.

The interaction between the two lines of analysis is complex and iterative. The description of
the structure of the work domain interacts with the identification of the task situation. The
description of the mental strategies which can be used must be compatible with the descrip-
tion of the individual’s resources and preferences. Finally, when a match between possible
strategies and preferences has identified the chosen strategy, it has to be ‘folded back’ onto
the higher levels of analysis and the work domain in order to determine the actual behavioral
sequence. In addition, it is necessary to add details of the actual situation, which have been
removed during the analysis, back onto the conceptual framework. When the cognitive strat-
egy is identified which is likely to be used, the implications for the decision task and the re-
lated information requirements will be inferred. Next, the relevant set of cognitive activities
involved in an actual situation will be determined to establish the likely work procedure in
actual work domain terms and, finally, the involved means-ends network in the work domain
can be identified as well as the coupling to other activities and agents. For a detailed discus-
sion of the cognitive framework for work analysis, see Rasmussen, Pejtersen, and Good-
stein 1994).

Conclusion

Different approaches have been necessary for different ‘work systems’ such as public infor-
mation systems in libraries and engineering design, which represent the extremes of a con-
tinuum of work systems, stretching from the professional user in a more or less well struc-
tured, cooperative work situation involving different work domains, needing access to many
different information sources which, more or less, can be designed to match the user needs
to the situation when a casual user need to access general information services including
information sources designed according to a classification of their content without considera-
tion of the actual users needs.

61



Acknowledgement

This work has been supported by a grant from SHF, the Danish National Research Council
for the Humanities under the project name of “Semantic Information Retrieval in Communi-
cation Networks supported by Multimedia Techniques".

References

Ashby, W.R. (1961):
An introduction to Cybernetics. Chapman & Hall

Ingversen, P. (1992):
intermediary Functions in Information Retrieval Interaction. Copenhagen: Samfundslitte-
ratur. Doctoral dissertation.

Norman, D. A. (1986):
Cognitive engineering. In D. A. Norman and S. W. Draper (Eds. ), User centered system
design: New perspectives on human-computer interaction (pp. 31-61). Hillsdale, NJ:
LEA.

Pejtersen, A. M. (1990):
Interfaces based on Associative Semantics for browsing in Information retrieval Ris_ M-
2794.

Pejtersen, A. M. (1996):
Measuring and Testing Computer Usability. In the ICAE’ 96, International Conference on
Applied Ergonomics: Human Aspects at Work, Istanbul, Turkey.

Pejtersen, A. M. and Rasmussen, J. (1996):
Effectivenes testing of complex systems. Handbook.of Human factors. Ed. by G. Salven-
dy, Wiley.

Pejtersen, A. M. and Rasmussen, J.(1996):
Ecological Interfaces. Contribution to second edition of Handbook of Human-Computer
Interaction. Ed. by Martin Helander. North Holland.

Pejtersen, A. M. and Rasmussen, J.R. (1990):
Intelligent Systems for Information Retrieval and Decision Support in Complex Work Do-
mains. In: Expert Systems in Agricultural Research. Eds.: Fl.Skov et al.. Statens Plan-
teavisforsgg og Statens Husdyrbrugsforseg.

Pejtersen, A. M.(1988):
Search Strategies and database design for information retrieval in Libraries. In: Good-
stein, L. P. et al.; Tasks, Errors and Mental Models. Taylor and Frances.

Pejtersen, A. M., (1979):
Investigation of search strategies in fiction based on an analysis of 134 user-librarian
Conversations. In: IRFIS 3. Ed.: Henriksen, T.. Oslo, 1979, p. 107-132.

Pejtersen, A.M. (1992):
The Book House. An lcon Based Database System for Fiction Retrieval in Public Libra-
ries. In: The Marketing of Library and Information Services 2. Ed: Cronin, B., ASLIB, Lon-
don. 572-591.

Pejtersen, A.M. (1993):
Designing Hypermedia Representations from Work Domain properties. In: Hypermedia.
Proceedings der Internationalen Hypermedia Konferenz. (eds): Frei, H.P. and Schauble,
P. Springer Verlag. Heidelberg

62



Pejtersen, A.M. (1993):
The role of Domain, Task and Users in Providing Subject Access to Information. In: Cata-
loguing Australia. Vol. 19, no. 3/4, p. 85-116.

Pejtersen, A.M. (1994):
A Framework fqr Indexing and Representation of Information based on Work Domain
Analysis: A Fiction Classification Example. In: Knowledge Organisation and Quality Ma-
pagement. Proceedings of Third International ISKO Conference, Copenhagen, 20-24
june 1994. Eds: Albrechtsen, H. and @rnager, S. Indeks Verlag. Frankfurt. 1994. pp. 251-
264.

Pejtersen, A.M.(1995):
Supporting Semantic Information Retrieval in Communication Networks by Multi-media
Techniques. Published in SIGIR Forum, ACM Information Retrieval Interest Group,
Spring 1995.

Pejtersen, A.M., Sonnenwald, D.H., Buur, J., Govindarej, T. and Vicente, K. (1995):
Using Cognitive Engineering Theory to Support Knowledge Exploration in design. Pub-
lished in the Proceedings of the 10th International Conference in Engineeering Design:
Design Science for and in Design practice. 22-24 august, Praha, Czech.

Rasmusen, J and Pejtersen, A.M. (1995):
Virtual Ecology of Work. In: The Ecology of Human-Machine Systems. Eds.: Flach,
J.M.,Hancock,P.A.Caird, J.K. and Vicente, K.J. . Hillsdale, NJ: Lawrence Erlbaum Asso-
ciates.

Rasmussen, J. (1983):
Skill, Rules and Knowledge; Signals, Signs, and Symbols, and other Distinctions in Hu-
man Performance Models. IEEE Transactions on Systems, Man and Cybernetics. Vol.
SMC-13, No. 3, 1983.

Rasmussen, J. (1985):
The Role of Hierarchical Knowledge Representation in Decision Making and System Ma-
nagement. IEEE Transactions on Systems, Man and Cybernetics. Vol. SMC-15, No. 2,
1985, pp. 234-243.

Rasmussen, J. and Jensen, A. (1974):
Mental Procedures in Real Life Tasks: A Case Study of Electronic Trouble Shooting. Er-
gonomics, Vol. 17, No. 3, pp. 293 307.

Rasmussen, J., (1991):
Diagnostic Reasoning in Action. Risg-M-2952. To appear in IEEE Trans. SMC.

Rasmussen, J., Pejtersen, A. M. and Schmidt, K. (1991):
Taxonomy for Cognitive Work Analysis. Ris@-M-2871 Roskilde: Risg National Laboratory

Rasmussen, J., Pejtersen, A.M. and Goodstein, L.P. (1994):
Cognitive Engineering: Design Concepts and Applications. Wiley.

63






The Cognitive Framework for Information Retrieval:
A Paradigmatic Perspective

Peter Ingwersen

Royal School of Librarianship
Department of Information Retrieval Theory
Birketinget 6, DK 2300 Copenhagen, Denmark
Tel: +45 31 58 60 66
email: pi@db.dk

Contents

1. Introduction

2. The Cognitive framework for a Theory of IR

2.1 Cognitive Structures in IR

2.2 Scientific Approaches to Information Related to the Cognitive View

3. The Cognitive Theory: Polyrepresentative Structures of Context
4. Concluding Discussion
Abstract

The paper presents the principles underlying the cognitive framework for Information Re-
trieval (IR). It introduces the concept of polyrepresentation applied simultaneously to the
user’s cognitive space and the information space of IR systems. The concept seeks to repre-
sent the current user's information need, problem state, and domain work task or interest in
a structure of causality. Further, it suggests to apply different methods of representation and
a variety of IR techniques of different cognitive and functional origin simuitaneously to each
information object in the information space. The cognitive differences between such repre-
sentations imply that by applying cognitive retrieval overlaps of information objects, originat-
ing from different interpretations of such objects over time and by type, the degree of uncer-
tainty inherent in IR is decreased and the intellectual access possibilities are increased. One
consequence of the framework is its capability to elucidate the seemingly dubious assump-
tions underlying the predominant algorithmic retrieval models, such as, the vector space and
probabilistic models.

1. Introduction

The aim of this paper is to apply the cognitive point of view to Information Retrieval (IR) theory
which, by application of the cognitive structures of different origin involved in IR interaction,
may improve the intellectual access to information sources, and provide an enriched contex-
tual platform to be applied by IR systems to support the users’ information seeking
(Ingwersen 92). The objective is to point to the potential value of matching the multidimen-
sional variety of representations inherently existing in, extracted or interpreted from informa-
tion objects and from the cognitive space of a user (Ingwersen 96).

Currently, three approaches to IR research exits: 1) the algorithmic mainstream which con-
ceivably demonstrates paradigmatic properties; 2) the user-oriented approach; 3) the cogni-
tive perspective (Ingwersen and Willett 95).
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The mainsteam approach to IR research, named “physicalistic” in (Eliis 92), belongs to the
rationalistic philosophical tradition. Retrieved texts or information objects are per se re-
garded as information, since they carry or has meaning. Because of this belief, and of the
notions of (topical) relevance and relevance feedback {Salton 89) which imply a concept of
aboutness, the algorithmic framework is far more elaborated in scope and epistemic sense
than the so called information theory for signals not involving semantics, proposed in (Shan-
non and Weaver 49). The research that has been undertaken in this area focuses principally
on the algorithms and data structures that are needed to maximise retrieval effectiveness,
i.e., the ability of the system to retrieve documents from databases that are relevant to a
user’s query, whilst maintaining a reasonable level of retrieval efficiency, i.e., the ability of the
system to carry out its functions with the minimal use of machine resources.

However, such a focus neglects many of the social and cognitive processes that are involved
in, and these processes are likely to be of great significance if one is to design effective re-
trieval systems for inexperienced users, for whom database searching is of only minor impor-
tance. Specifically, the algorithmic approach has two principal limitations: The first limitation
is that no account is taken of the large body of studies that have been carried out on users’
information seeking behaviour, i.e., on the formation, nature and properties of a user's infor-
mation need (Ingwersen 82; Kuhlthau 93; Su 94); and the second limitation is that there is an
almost-total lack of real-life investigations of the impact of the algorithmic techniques on us-
ers in socio-organisationai contexts.

These limitations have provided the driving force for a range of communicative and psycho-
sociological studies of information transfer and constitute the second research approach,
i.e., the user-oriented one. The studies have been motivated by the belief that an under-
standing of user behaviour and user-system communication will permit the construction of IR
systems that can support an individual's search for information. They have shown that the
user’s background knowledge of the information that is being sought can play a vital role in
the retrieval process, as do the causal reasons for the information request and the subject
domain. As a result, several models of intermediary functionality have been formulated and
partially tested over the last few years (Belkin et al. 87; Fox et al. 93).

Although sometimes referring to “a cognitive view” the major part of the user-oriented re-
search work relies on a range of scientific views different from that perspective, such as, the
sense-making theory based on communication theory proposed in (Dervin and Nilan 86) or
associated with sociological theories (Ellis 89). The cognitive dimension enters the research
in the form of applications of (cognitive) psychological methods and research foci. The few
analytic studies and empirical investigations carried out under the umbrella of a cognitive
epistemological view are analysed in (Belkin 90; Ingwersen 92; 93; 94). The well-argued dis-
tinction between the the physical and cognitive paradigms in [R research published in (Ellis
92) thus analyses the major differences between the algorithmic and the user-oriented (not
truly paradigmatic) traditions and their research results.

Research on user-centered approaches to IR led to the observation that individual informa-
tion needs regularly may change during the course of an interaction with an IR system; more-
over, these needs may be ill-defined owing to a lack of appropriate background knowledge.
The research that has been carried out has also shown that it is necessary to contextualise
the information need by means of supplementary information on intent, purpose and goals.
Information seeking and the formation of the information need are hence assumed to be a
dynamic process of cognition by the individual searcher, in which the retrieval system and the
intermediary functionalities are the crucial components of the contextualisation process. An
immediate consequence of this approach to information transfer is that the wide range of
representational and searching techniques now available are seen as complementary infor-
mation structures of different nature and cognitive origin. This, in turn, leads to the notion of
a cognitive theory of information retrieval. The theory signifies an attempt to globalise infor-
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mation retrieval by regarding all of its components as representing cognitive structures of

varying degrees of complexity that co-operate in an interactive communication process - see
Figure 2 (Ingwersen, 1996).

The following section presents and defines the concepts required for the establishment of a
cognitive framework for IR. The section includes a brief discussion of related semiotic and
socio-communicative perspectives of IR currently under development. The following section
analyses the implementation of a cognitive IR theory. The concluding section points to cer-
tain consequencies and explanations of assumptions associated with the algorithmic IR tra-
dition and discusses briefly the conceptual implications of the cognitive framework

2. The Cognitive Framework for a Theory of IR

From the cognitive point of view in information science each act of information processing -
whether perceptual or symbolic - is mediated by a system of categories and concepts which,
for the information processing device, are a model of his/its world (De Mey 80). In human
information processing the world model constitutes the cognitive space which, consisting of
highly dynamic and changeable cognitive structures, controls the perception and further
processing of external input, e.g. during communication and IR interaction. The individual
cognitive space and, in particular, the current cognitive/emotional structures and states are
determined by the experiences gained through time in a social context (Ingwersen 92). In
automatic information processing the world model is dynamic but not self-contained. It con-
sists of the human cognitive structures embedded in the system prior to processing. Its indi-
vidual cognitive structures, e.g. in form of algorithms or textual symbolic strings, may interact
with one another and with structures generated by humans external to the system - when
ordered and capable to do it. However, the processing will constantly take place at a linguis-
tic sign level of communication - never at a cognitive level - see Figure 1. The linguistic sign
levels consist of the morpho-iexical, the syntactic, or the semantic levels of language under-
standing. Only to human recipients of communicated signs the perception may also take
place at a cognitive-emotional level. Solely in this case, the signs actually may transform the
current cognitive states into new states, by providing information transforming into modified
cognition and knowledge. During any act of human or computerized communication the
viewpoint regards allcommunicated messages as signs transferred at a linguistic level. Only
via perception and interpretation by the individual recipient’s current cognitive state, the
signs may transform into information at a cognitive level. Consequently, this view implies that
any intentionality and meaning underlying the communicated messages are immediately lost
(the “cognitive free fall”, Fig. 1, the left-hand side). They have to be rebuild, i.e. interpreted,
by the recipient by means of those pre-suppositions which make him/it participate in the com-
munication act.
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Fig.1 The cognitive communication system for information retrieval.
From (ingwersen 96, p. 6).

Computers (or books for that matter) hold pre-defined and fixed pre-suppositions, whilst
those of humans are individually unpredictable, formed as they are by episodic, semantic
and tacit knowledge, or emotional experiences.

We may hence observe four fundamental characteristics of crucial importance to IR

{Ingwersen 96):

* allthe interactive communication activities during IR can be regarded as processes of cog-
nition, which may occur in all the information processing components involved, but at dif-
ferent levels of cognition, Figure 1-2;

* the pre-suppositions and intentionality underlying the communicated messages are vital
for the perception and understanding of such messages - but all are irreversibly lost;

* uncertainties and unpredictabilities are thus inherent in IR interaction and associated with
all acts of interpretation carried out by both senders, recipients and processors, Figure
1-2;

¢ direct and real information retrieval - as opposed to text retrieval performed at a linguistic
level - is only possible by the individual user himself.

iR systems may consequently only be most successful by acting as supportive means to
retrieval by humans.

In order to reduce the uncertainties as welt as the unpredictabilities in IR and ease the acts
of perception and interpretation, the cognitive viewpoint suggests to provide and make use
of different cognitive structures during the acts of communication, i.e. structures of different
cognitive and functional origin - on both sides of the communication channel. As far as pos-
sible, such structures ought to demonstrate contextual properties; combined, they may in-
deed demonstrate suitable contexts. From this perspective all the participating cognitive
structures in IR are of potential value and should be available for IR interaction purposes, that
is, the structures of the current user and those embedded in information objects and system
architectures, see Figure 2. As a consequence, the cognitive framework proposes to apply
the principle of polyrepresentation. The most profound analysis of the cognitive approach to
IR is provided in (Ingwersen 96).
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2.1 Cognitive Structures in IR

In this framework cognitive structures are manifestations of human cognition, reflection or
ideas. In IR they take the form of transformations generated by a variety of human actors
belonging to a variety of different cognitive origins: systems designers and producers, IR
technique developers, indexing rule constructors, indexers, authors of texts and other infor-
mation objects, intermediary mechanism designers, and users in a domain-related context.
Consequently, in the System Setting an IR system designers” cognitive structures may be
represented by specific database structures or one or several similarity measures or retrieval
logics, e.g. the vector space and probabilistic models, the left-hand side, Figure 2. Human
indexers” cognitive structures are represented by the index terms added to the original Infor-
mation Objects, essentially being the result of an intellectual interpretation of an author’s text
or images, often guided by pre-defined rules and a thesaurus for which the semantic rela-
tions and knowledge representation other humans are responsible. In automatic indexing
any different weighting function or best match technique that is applied represent a trans-
formed cognitive structure. The author’s text, incl. titles, captions, headings, or cited works
are representations of cognitive structures intended to be communicated as Information Ob-
jects.

INFORMATION OBJECTS
- Text/Knowledge represantations/thesaural nets
/y - Full text, pictures/Passages

v Models —»

Individual user’s
COGNITIVE SPACE:

Interface/ - Work task/Interest Soc./POrg.environm.
Intermediary - Current Cognitive State - Domains /Goal
—p Query 4¢P Request «4—3 <-Models -> 4——P <- Models ->
) - Problem/Goal - Task
functions - Uncertainty - Preferences
<- Models ->

- Information need
- Information behaviour

IR SYSTEM SETTING

\ - Retrieval engine(s)/similarity measures/weighting
- Database architecture
- Indexing rules/computational logic

WOdels —»

4—— cognitive transformation and influence

<—» interactive communication of cognitive structures

Fig.2 Cognitive communication model of information retrieval interaction in information
science. From (Ingwersen 92, p. 33).

Later citations to that particular object imply a different cognitive origin, viz interpretations by
other humans. Specific portions of a text, e.g. titles, introduction, figures, and the full-text
sections demonstrate different functional origin and a variation in style. An intermediary
mechanism’s manipulation of user requests into query formulations during request model
building (RQMB) represents additional cognitive structures. In the Cognitive Space of the
user the request formulation is a representation of the user’s current cognitive state con-
cerned with an information need. Similarly, conceivable problem statements and work task
or interest descriptions are representations of intrinsic cognitive structures underlying the
user’s information seeking - see Figure 1. Such intrinsic cognitive structures of users are
more or less variable and transformable, as opposed to system and text representations
which, in a cognitive sense, always are invariable. From this perspective, information needs
may indeed be stable as well as well-defined in realistic terms, as is often the case in patent
searching and SDI or information filtering. But frequently IR sessions are exploratory
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throughout long initial phases. Real-life information needs are commonly variable, initially
vaguely stated or ill-defined. Well-defined and static wishes for information seem to be a spe-
cial case (Schamber et al 90; Su 94; Borlund and Ingwersen 97).

What interests us here is consequently to establish methods founded in theory to support
that variety of information need types; but in particualer to aid intrinsically ill-defined and vari-
able information needs. In the algorithmic laboratory tests the experimental settings gener-
ally force the researchers to apply simulated and well-defined queries - essentially the left-
hand side of Figure 2 - in order to minimize the number of variables. What is attempted by the
cognitive theory is to view these experimental results in combination with evidence from re-
search on real-life information seeking behaviour, that is, the right-hand side of Figure 2.

At the right-hand side, Figure1-2, are outlined the major different cognitive structures of indi-
vidual users which may be presented to intermediary mechanisms and IR systems, e.g. the
actual work task or interest leading to a current cognitive state which may end up in a problem
situation for the actual user. The cognitive condition in the user’s problem space may pro-
duce a certain degree of uncertainty, e.g. as to how to reach a goal, finally generating a wish
for external information, i.e. the information need. According to the current cognitive state,
the model of the IR system and the intentionality, the wish for information is represented in
form of a request. These mental activities take place in the context of a work domain of
epistemic, social or organisational nature. Aside from influencing the current searcher in a
‘historical” sense, the domain constantly influences the authors of information objects and
the design attitudes to system development (the semi-circular arrows pointing from the right
to the left, Figure 1). This assumed cognitive causality or logic associated with the formation
of the information need signifies an extension of the ASK (Anomaleous State of Knowledge)
hypothesis (Belkin et al. 82) as well as the sense-making theory in (Dervin and Nilan 1986)
by taking into account the full range of cognitive tasks during IR (Rasmussen et al. 92; Wood-
Harper et al. 85).

The point here has always been that the user is only capable of describing what he knows at
a given point in time according to his current cognitive state, but not what he does not know
yet and is actually searching for. However, in theory, he might be able to state his intention-
ality, that is, his underlying problem or current work task. This task may deal directly with a
person’s actual work within a specific domain, e.g. designing databases for Al purposes. It
may also simply be concerned with an ‘interest’ not directly related to working conditions, but
e.g. be associated with entertainment, hobby or cultural events.

2.2 Scientific approaches to information related to the cognitive view

The cognitive view and the notion of cognitive structures within the field of information sci-
ence and retrieval originate from B.C. Brookes, e.g. in {(Brookes 80). He regards information
as an increment of knowledge where information interacts with the existing cognitive struc-
tures of an individual. The result is a modified set of structures. This, Brookes” Equation, can
be illustrated by the dynamic interaction at the cognitive levels of information between gen-
erator and recipient, Figure 1. By introducing Popper’s Three World Ontology into informa-
tion science Brookes suggests a dual modelling of knowledge: Objective knowledge (World
3), i.e. man-made data structures, such as, books or computer files; and Subjective knowl-
edge (World 2), that is, the cognitive spaces of individuals. The interaction between the two
constitutes the information processes and the focus for information science. The World 1,
that is, the natural and man-made artefacts, is not included and discussed in Brookes” pro-
posal. The problem in this model is the omission of the instrumentals driving the information
processes, e.g. intentionality and interpretation.

A similar flaw occurs in Buckland’s tri-partite notion of information (Buckland 91). Without
reference to Brookes” earlier contribution Buckland divides his world into analogue concep-
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tions: Information as Thing, i.e. the words, texts, images, man-made structures, exhibitions
of natural artefacts, etc. This type of information equals Objective knowledge; Information as
Knowledge, which is analogue with the Subjective knowledge in Brookes 'model; and Infor-
mation as Process, that is, the act during which data structures transform into cognition and
knowledge. Also, Buckland introduces a fourth notion: Information Processing which signi-
fies the manipulation of data at a lingustic level (Fig. 1). Such processes are tangible and
may, for instance, take place in computers. In contrast to Brookes Buckland discusses
whether or not a natural artefact, e.g. an animal, is Information as Thing. The cognitive
model, Figure 2, illustrates Buckland’s notions. Foremost, the Information Objects as well as
the System Setting encompass his conception of Information as Thing. His Information as
Knowledge equals the Cognitive Space, and the interactions occuring during information
transfer illustrate Information as Process. Only the Socio-Organisational environment, the
domain structures influencing the individuals, is not dealt with explicitly by Buckland.

These ontogonal approaches to information science are analytic and speculative in nature.
At a meta-scientific level Brier has recently proposed an approach to the field which combine
semiotics and cybernetics. In (Brier 96) the understanding of information goes beyond Buck-
land’s views by regarding the sign and its interpretation by an agent as the essential concep-
tion for information science. This semiotic view deals with the processes of transforming data
from a linguistic level of communication into a cognitive level - see Figure 1 - and involves the
notion of unlimited semicsis originating from (Peirce 1891).

A different line of action has been proposedin (van Rijsbergen and Lalmas 96). They suggest
the application of uncertainty logics, e.g. abduction, for the reasons stated previously that,
during each process of interaction in IR (Fig. 2), uncertainty and unpredicability are funda-
mental obstacles to effective access to information. In many ways their proposals are com-
plementary to the cognitive theory, foremost in relation to the use of multiple evidence or
polyrepresentation (Ingwersen 96). Similarly complementary, but of quite different epistemic
nature, is the domain analytical approach to information science proposed in (Hjorland and
Albrechtsen 95). According to the model on Figure 2 the cognitive theory for information sci-
ence and IR regards the domain as a part of the social-organisational environment which
influences the individual searcher as well as the information structures imbedded in informa-
tion objects and systems. For example, the contents, meaning and style made into an infor-
mation object by an author is determined by his previous interpretations of data provided by
systems, his objective and intent, and his understanding of the domain to which the object
belongs. The simplest type of a domain is an academic subject field, which is essentially a
social construct represented by the collective cognitive structures of the individuals forming
that field. Other types of domain include industrial sectors, individual firms and organisations,
or professional groupings, such as journalists. In Hjarland and Albrechtsen’s domain ana-
lytic approach the (mainly scientific or academic) domain plays an all determining role. In
contrast, the determining factor according to the cognitive view is the individual interpretation
of the information environment including the domain influence. The reliance on the concep-
tion of interpretation may thus associate the cognitive view with hermeneutics.

3. The Cognitive IR Theory: Polyrepresentative structures of context

One consequence of the cognitive modelling of IR interaction is the demonstration above of
its complex polyrepresentative nature, in particular in relation to fuli-text IR (Ingwersen,
1996). Accordingly, we must consider how best to fit together such representations of the
cognitive space of users and the information objects during IR.

One recent step forward has been the introduction of passage retrieval in full-text systems
(Salton et al. 94). Another step has been to allow for manual query modification during ex-
perimentation, e.g., in the ongoing large-scale TREC (Callan and Croft 93) and OKAP! ex-
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periments (Beaulieu et al. 92). A passage can equal a paragraph, a section or a figure in a
full-text object. Manual query modification is necessary for two reasons: Firstly, the feedback
from the system provides the basis for relevance and utility judgements of text portions, e.g.,
by means of marking-up the relevant portions of an information object like passages of text.
Secondly, it also provides the basis for improved cognition by the user of his actual need for
information, and, possibly, of his underlying problem or task, by forcing him to interpret the
search outcome. This outcome does not have to be monolithic, i.e., one simpie ranked list,
but may also contain pointers to several conceivable routes into information space, e.g., by
hypertext links, condensed or structured lists of concepts, and analogous means of concep-
tual feedback. Any modification of the request, or problem or work task statements by selec-
tions and/or deletions of concepts then mirrors the altered intrinsic formations and concep-
tions of the need, problem or task. In this framework the well-known issue of inter-indexer
inconsistency, for instance, then becomes an asset. As a matter of fact, the said inconsisten-
cies are all beneficial to IR - in contrast to the common belief in library and information sci-
ence. Similar inconsistencies have been traced in relation to Boolean and algorithmic re-
trieval techniques (Belkin and Croft 87; Ingwersen 96). In fact, a cognitive theory favours al/
kinds of inconsistencies and, in particular, the retrieval overlaps between such variations,
see Figure 3-4.

The assumption is that the more remote in cognitive origin, logic, functionality, and in time,
the smaller the overlap, Fig. 3; and the better and probably more relevant the retrieval out-
come (Ingwersen 96). The conceptions of cognitive retrieval overlaps as well as of data fu-
sion (Belkin et al. 95) as well as request fusion and diffusion, Figure 4, are thus essential
elements of a theory framed by the cognitive perspective. However, it should be noted that
equal treatment, accumulation, or fusion of request versions (or modified queries) over time
is incompatible with a cognitive theory for information transfer. Since the assumption is made
that dynamic interpretations and cognition take place during information interaction, the /at-
est version (or set of simultaneous but causally different versions) must be given higher pri-
ority or weighting than previous ones.

The principle of polyrepresentation in IR originates from the arguments proposed in (Turtle
and Croft 90) concerned with their generic inference network proposal. The network implies
different ways of referring to the same concept and of linking different concepts in form of a
conceptual network thrown over the underlying information objects.

By polyrepresentation is meant the analogue representation in a variety of ditferent forms of
one information object, or of an information requirement. Fundamentally, they are forms of
the different cognitive structures as defined above, and are generated via a variety of well-
known methods applied to IR systems. Different indexing methods applied to the same text
collection yields different sets of text or passages for the same query, e.g. natural language
vs. controlled vocabulary methods.
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Fig.3 Overlaps of cognitively different access points provided by one retrieval engine in
information space, and associated with one searcher statement, e.g., one request
version or a work task description.

Several empirical investigations of the matter carried out in the operational Boolean environ-
ment demonstrate clearly that the combination - the overlap - of controlled index phrases and
natural language representations from the basic index yields the best retrieval results, better
than the two separately (Katzer 82; Tenopir 89; Lancaster 91; Pao 94). The more variety in
cognitive origin of method, the more different results. Because of the acts of interpretation
any human indexing will result in retrieved sets rather different from automatically indexed
collections of texts.

One of the very few investigations of the alternative overlap between index term retrieval of
journal articles and searching via citation indexing has been carried out in (McCain 89). For
the same queries in Medline and the citation databases, the result was as expected from a
cognitive viewpoint: The two very different cognitive structures of indexers and authors, the
latter group interpreting the texts with completely different intentions than the former, yielded
an overlap of only 11 % on average. As above, the two representative methods are comple-
mentary.

With respect to overlaps between sets of texts retrieved via different best (and Boolean)
techniques or search engines for the same user statement, the picture is identical, see Figure
4. From a cognitive perspective this evidence of variety is obvious - and should be directly
exploited.
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Fig. 4 Cognitive overlaps of passages in information space, at a given point in time, pro-
vided by the intersection of the polyrepresentative retrieval results from different
retrieval engines, and associated with one searcher statement, and generating
one set of total cognitive overlap. From (ingwersen 96)

Not surprisingly, recent TREC experiments of the retrieval performance of combined query
versions generated by several searchers, but deriving from the one and same well and pre-
defined (simulated) information need, demonstrate a performance similar to that of the best
performing query. This latter query version is, of course, always unknown beforehand and
hence unpredictable (Belkin et al. 93). This interesting research on inter-searcher consis-
tency, similar to the inter-indexer consistency experiments, strongly indicates the individual
cognitive nature of the request formulation rooted in intrinsic causality. It seems unrealistic to
assume that several real-life searchers may initiate IR based on identical and well-defined
needs for information. The realistic alternative proposal is consequently to obtain simultane-
ous but cognitively different representations of the current user’s information need situation

This implies to extract from the user statements that are associated with the current cognitive
state, the problem situation and work task at hand - in addition to a conceivably vague re-
quest. Fig. 3-4 exemplify one type of statement which generates cognitive retrieval overlaps.
A realistic procedure to follow when performing cognitive retrieval in operational online sys-
tems is published in (Ingwersen 96).

4. Concluding Discussion

This cognitive approach to IR theory is supported by empiricai evidence from both the infor-
mation seeking research as well as from studies made in the operational online environ-
ments. In addition, it does not contradict the IR developments achieved so far associated
with the algorithmic research paradigm. It attempts to incorporate them all in a global frame-
work.

Polyrepresentation of the user’s knowledge space signifies to represent not only the current
information need, but in addition, and more importantly, to reach into the underlying problem
space, actual work task or interest, and the dominating work domain(s). These elements are
associated with the information need formation by following a principle of causality, that is,
the intentionality underlying the fact of having such a need at all. Information needs internal
to the user are basically regarded vague and variable, but may also exist in stable and well-
defined forms, according to the nature of the current state of the user in the situation. The
representations of all elements in terms of request, probiem and work task formulations may
point to the actual condition of the intrinsic information need.

For relevance assessment the theory suggests and allows for relative, but statistical reliable
assessments. Relative but unreliable assessments are often the case in retrieval experi-
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ments, since the recall ratio, pre-defined per simulated request, is established in an arbitrary
and uncertain way. In a statistical sense all laboratory experiments based on one person’s
initiary base-line relevance assessments are highly unreliable and insufficient since a sec-
ond assessor would without doubt judge differently. In addition, human partial relevance as-
sessments of documents is made available and necessary following the cognitive approach,
since the semantic entities or passages, not the entire documents, often are the main objec-
tive of retrieval, assessment and use. Hence, the theory also encourages to include differen-
tiated relevance, implying that ‘topicality” relevance is supplied with work task and problem
relevance, or rather, forms of ‘situational relevance” (Schamber et al 90). Several passages

may be topically relevant, but only partially relevant or irrelevant for the actual work task and
problem - and vice versa.

It is interesting that the partial or decimal-scaled relevance assessment has always been
atlowed the algorithmic retrieval engines, e.g. the vector space and probabilistic models in
their ranked output. In the same models human assessments are supposed to be binary, as
if humans are less distinctive than machines. This unrealistic (reductionistic and linear) sce-
nario can be experimentally overcome by the cognitive framework (Borlund and Ingwersen
97).

Another intriguing point is the relatively high retrieval performance produced by the two algo-
rithmic models. Although quite different in their mathematical treatment of terms from infor-
mation objects and in requests, both models explicitly break down any semantic coherence
in a given object or request. The more rich the request the better performance of the models.
The seemingly unrealistic assumption behind the models is that words in texts are inde-
pendent of one another. A second peculiar assumption for the probabilistic model is that rele-
vance judgements of several information objects also are independent. Single terms from
individual documents or passages, that are judged relevant, may thus form the ensuing
query version. Despite these limitations from a theoretical cognitive point of view these algo-
rithmic models are indeed covered and explainable by the theory: The term independance
can be seen as producing heavy inconsistencies because single terms per se carry a very
large number of semantic potentialities. This semantic openness is their asset operationally.
By combining a significant number of single words the probability increases to retrieve ob-
jects of full text documents or passages in which a large portion of the input words actually is
present. Then, the shorter the document or passage containing any conceivable word com-
bination, the higher the probability of semantic coherence (or meaning) in the passage re-
trieved. This is due to the fact that text passages are generated by intentand imply meaning.
High topical relevance is thus achieved in a linguistic bottom-up approach. So, the term inde-
pendence assumption is linguistically (and cognitively) sound. The condition is that the
number of lexical terms that is applied is high.

The relevance assessment independence assumption associated with the probabilistic
model is unrealistic in the case of assessments of lists of titles, since these are directly com-
parable by the searcher. The quality of the assessments may in addition very well be poor.
However, in the case of longer passages or full text documents assessed in total one by one,
the assumption coincides with the well-known phenomenon of cognitive information over-
load: it becomes difficult or impossible to remember previous assessment results and their
underlying rationale. The assumption consequently tend to be realistic (and true).

The current experimental situations can be enhanced by introducing real-lite and non-simu-
lated information need situations in order to prove their realistic reliability. The number of
experimental variables will, as a consequence, increase further compared to today’s re-
search settings in IR.
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Zusammenfassung

In der qualitativen Sozialforschung werden seit mehr als einem Jahrzehnt Techniken des
Information-Retrieval eingesetzt. Mittlerweile ist fur dieses Feld leistungsfahige Spezialsoft-
ware (AQUAD, atlas-ti, NUDIST, WINMAX) entwickelt worden. Die Analysemethoden bauen
auf der Basistechnik der Segmentierung und Codierung von Texten auf. Verschiedene er-
weiternde Auswertungstechniken - u.a. quantitative Variablen, Memo- Management, Ge-
wichtungsvariable fur codierte Segmente -sind in den letzten Jahren konzipiert und in den
EDV-Programmen implementiert worden.

Abstract

Since more then a decade techniques of information retrieval are used in qualitative re-
search. Powerful software packages like AQUAD, atlas-ti, NUDIST and WINMAX have been
developed in the meantime. The basic technique of analysis is centered around ,cut-and-
paste”, that means segmenting the text into chunks and attaching codes. Extended methods
of analysis came up recently, like quantitative variables, memo management and fuzzy vari-
ables to mark the coded segment’s relevance.

1 Computer und qualitative Sozialforschung

Vor mittlerweile 12 Jahren, 1984, erschien ein Sonderheft der amerikanischen Zeitschrift
Qualitative Sociology mit dem Titel ,Computers and Qualitative Data”, in dem erstmals einer
breiteren Offentlichkeit bekannt gemacht wurde, daB eine Reihe von Sozialwissenschaftlern
daran arbeiteten, Computer zur Analyse qualitativer Daten einzusetzen. Auch wurde das er-
ste speziell fur diese Form sozialwissenschattlicher Forschungsdaten konzipierte Pro-
gramm vorgestelit: das von Seidel u.a. entwickelte The Ethnograph.
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Seit der zweiten Halfte der 80er Jahre wurden in vielen Teilen der Welt &hnliche Programme
entwickeit: In Danemark Textbase Alpha (Sommerlund u.a.), in Australien Nudist (Ri-
chards/Richards), in den USA Qualpro (Blackman) und Tap (K.Drass), in Holland Kwalitan
und in Deutschland Max/Winmax (Kuckartz/Maurer) Atlas-ti (Muhr u.a.) und Aquad (Huber).

Seither hat sich eine rasante Entwicklung vollzogen. 1994 stellen Miles und Huberman in
inrem Buch ,Qualitative Data Analysis” bereits mehr als 20 Programme zur qualitativen Da-
tenanalyse vor. Mittlerweile haben sich eine Reihe von Standards von Informationsverdich-
tung und Informationsbewertung in diesem Feld durchgesetzt. Deutlich erkennbar sind auch
unterschiedliche Orientierungen bzw. unterschiedliche Entwicklungen von Software.

2 Methoden der Informationsanalyse in der qualitativen Sozialforschung

In der qualitativen Sozialforschung wurde es lange Zeit abgelehnt, Software fiir die Daten-

auswertung einzusetzen. Der Computer wurde dem Bereich der quantitativen Sozialfor-

schung und der statistischen Methoden zugerechnet und seine Benutzung deshalb abge-

lehnt. Ubersehen wurde dabei, da3 mit Hilfe von Computersoftware auch Aufgaben der Da-

tenorganisation, des Wiederfindens und Verknipfen von Textpassagen leicht und effektiv

vorgenommen werden kénnen - und solche Aufgaben spielen bei der Auswertung qualiitati-

ver Daten eine nicht zu unterschatzende Rolle. Die verschiedenen Typen qualitativer For-

schungsansétze weisen namlich in Bezug auf die Methoden und Forschungstechniken, die

bei der Analyse der Texte eingesetzt werden, grundlegende Gemeinsamkeiten auf, wie un-

ter anderem

* systematische Lektlre und Interpretation des Textes

¢ Identifizierung von Inhalten im Text

¢ Segmentierung des Textes

* Zuordnung von Kategorien oder von - wie sie je nach theoretischem Bezugsrahmen ge-
nannt werden - Codes, Schlagworten etc. zu Textsegmenten

¢ Zusammenstellung aller Textsegmente mit gleicher Kategorienzuordnung

Mittlerweile sind Computer fiir die qualitative Sozialforschung ,destigmatisiert” worden und
die Mehrzahi der qualitativen Forscher arbeitet nicht nur mit Textverarbeitungsprogrammen
wie etwa WORD fir WINDOWS oder WORD PERFECT, sondern auch mit speziellen Pro-
grammen fir die qualitative Datenanalyse wie beispielsweise AQUAD, ATLAS ti oder MAX
bzw. WINMAX. Eine computergestiitzte Auswertung qualitativer Daten umfaft solche Ver-
fahren, die zwischen der Datenerhebung und der Analyse und Interpretation des Datenma-
terials angesiedelt sind. Die entsprechende Software hilft bei einer Vielzahl von Auswer-
tungsoperationen, die ein zentraler Bestandteil des qualitativen Forschungsprozesses sind.
Dazu gehdren zum Beispiel: die Zusammenstellung von Schilisselpassagen des Textes,
das Codieren von Textpassagen nach bestimmten Kriterien, das spatere Wiederauffinden
von codierten Textsegmenten, das Auszéhlen von Wértern und Wortkombinationen, die sta-
tistische Auswertung von Kategorien, Variablen und Sozialdaten der Befragten und anderes
mehr.

Die Techniken der computergestutzten Auswertung qualitativer Daten haben sich im letzten
Jahrzehnt mit rasanter Geschwindigkeit fortentwickelt. Immer mehr und immer bessere Soft-
wareprogramme stehen hiertar zur Verfligung. Weitzman/Miles stellen in ihrem Buch ,Com-
puter Programs for Qualitative Data Analysis” (1995) bereits 25 solcher Programme vor. Die
Innovationen in diesem Bereich der Methodenentwicklung gehen allerdings so schnell von-
statten, daB Versuche, einen Uberblick zu geben und Programme miteinander zu verglei-
chen, zumeist bereits bei Drucklegung veraltet sind (vgl. Prein/Kelle/Bird 1995).

Der Computer spielt bei der qualitativen Datenauswertung eine Rolle, die mit jener bei der
guantitativ-statistischen Analyse nicht vergleichbar ist. Bei letzterer entspricht die Analyse
dem, was das Computerprogramm berechnet, beispielsweise einer multiplen Regressionsa-
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nalyse. Die eigentliche Analyse besteht in einem mathematischen Kalkiil. Dem Forscher ob-
liegt lediglich die Aufgabe, die Koeffizienten zu interpretieren. Bei der computergestiitzten
qualitativen Datenanalyse ist es nicht der Computer, der die Texte automatisch analysiert,
sondern weiterhin der Forscher bzw. die Forscherin. Die Programme erbringen eine Unter-
stutzungs/e/stung, und zwar in mehrfacher Hinsicht, sie erméglichen unter anderem
¢ die Exploration des Datenmaterials, z.B. durch die Méglichkeit, in den Texten schnell und
einfach nach Begriffen oder Begriffskombinationen zu suchen
* die Organisation und das Datenmanagement, d. h. die Texte sind zusammen mit den zu-
gehérigen Rahmendaten wesentlich besser zuganglich als beim herkémmlichen Abhef-
ten von Transkriptionen in Aktenordnern
die ErschlieBung des Datenmaterials durch Schlisselworte bzw. ein Kategoriensystem
die Segmentierung von Texten und die Zuordnung von Kategorien
die Zusammenstellung von Textpassagen nach thematischen Kriterien
die Klassifikation und Definition von Variablen
die Erstellung von Memos

Diese grundiegenden Techniken der computergestiitzten Analyse qualitativer Daten sind
Gegenstand des folgenden Abschnittes. Die Fahigkeit des Computers besteht vor allem dar-
in, verhéltnismaBig komplizierte Operationen auch mit groBen Textmengen in kurzer Zeit
realisieren zu kénnen (vgl. die verschiedenen Beitrdge in Kelle 1995, Miles/Huberman
1994).

3 Techniken der computergestitzten Analyse

Ublicherweise beginnt die qualitative Datenauswertung mit der Transkription des auf Ton-
band aufgenommenen (Interview)textes. Diese wird normalerweise mit Hilfe eines Textver-
arbeitungsprogramms erstellt. Damit ist gleichzeitig auch die wesentliche Voraussetzung fur
die computergestlitzte Analyse geschaffen: ein digitalisierter Text. Die fiilhrenden Software-
programme flr die computergestiitzte Analyse stellen keine weiteren Anforderungen hin-
sichtlich der Vorbereitungen, die man zu treffen hat, um einen Text bearbeiten zu kénnen.
Texte werden in diese Programme gewdhnlich im sogenannten ASCII-Format importiert,
d.h. die Dateien enthalten nur den reinen Text und solche Sonderzeichen, die man mit der
Tastatur erzeugen kann, nicht jedoch spezielle Formatierungen wie Fettdruck oder Kursiv-
druck und keine unterschiedlichen Schriftarten und SchriftgréBen.

Der erste Schritt der Textauswertung besteht in der sorgféltigen, vielleicht mehrmaligen Lek-
tire des Textes. Die explorative und heuristische Bearbeitung des Textes kann nach ver-
schiedenen Modellen erfolgen. Man mag sich mehr an dem Ablauf der klassischen Herme-
neutik orientieren oder wie Mayring (1988) vorschlagt, Techniken der Paraphrasierung be-
nutzen. Auch fir einfache Computerunterstitzung ist in der explorativen Analysephase
Raum: Man kann, wie Giegler (1992) vorschlagt, im Text gezielt nach Worten suchen, Hau-
figkeitsworterblicher erstellen und diese auf Aufféliigkeiten durchsehen und dergleichen
mehr.

Im Bereich der computergestitzten Textanalyse hat sich ein Verfahren mehr und mehr als
Basistechnik durchgesetzt, das eine auch im Alltag haufig benutzte Art und Weise der Text-
bearbeitung aufnimmt, namlich das Markieren von Textpassagen und Schreiben von
Schitsselwortern an den Rand. Dies ist die Basismethode der computergestitzten Auswer-
tung qualitativer Daten: Die Technik der Definition von Kategorien bzw. eines Kategoriensy-
stems. Ein weit verbreitetes Modell qualitativer Datenanalyse, die von Glaser und Strauss
entwickelte Grounded Theory (vgl. Strauss 1991), benutzt den Begriff Code und bezeichnet
den Kern der eigenen Vorgehensweise als Coding Paradigma. Aus dieser Tradition heraus
hat der Begriff Code den der Kategorie zunehmend verdrangt, insbesondere in der amerika-
nischen Literatur. Die Begriffswahl ist sicherlich wenig gliicklich, denn mit Codieren assozi-

81



iert man gemeinhin eine eindeutige, hoch reliable Zuordnungsvorschrift, dhnlich wie in der
klassisch-standardisierten Sozialforschung, wo man vom ,Codieren von Fragebdgen”
spricht. Hingegen ist das Codieren der Grounded Theory eine explorative, heuristische Ta-
tigkeit, die nur relativ vage definiert ist.

Im Rahmen der computergestitzten Textanalyse meint Codieren das Zuordnen von Code-
worten (Kategorien) zu Textsegmenten. Das Grundmuster aller TexterschlieBung wird im
Englischen als Cut-and-Paste-Technik bezeichnet. Handwerklich betrachtet funktioniert
dies folgendermafen: Mit Schere, Kleber und Karteikarte bewaffnet, bearbeitet man den
Text und schneidet jene Stellen aus, die zu einem bestimmten Thema relevant sind. Auf die
Karteikarte schreibt man zuoberst das Stichwort, darunter vermerkt man die Herkunft des
Abschnitts und klebt den Textabschnitt auf. Mit einem modernen Softwareprogramm funktio-
niert dieser Schritt wie in Abbildung 1 gezeigt.
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Abb. 1 Codieren mit dem Programm WINMAX pro

Die TexterschlieBung, das Codieren, erfolgt also nicht automatisch, sondern aufgrund der
Interpretation und Zuordnung des Wissenschattlerln. Sie identifiziert die relevanten Themen
im Interview und ordnet die Codeworte zu. Das Computerprogramm WINMAX sieht keinerlei
Beschrankung hinsichtlich der Anzahl der Codeworte und der Anzah! der codierten Segmen-
te pro Text vor. Jedem Text kénnen beliebig viele Codeworte zugeordnet werden. Einer
Textzeile bzw. Textpassage kénnen mehrere Codeworte zugeordnet werden, die Segmente
kénnen sich Uberlappen und ineinander verschachtelt sein. Man kann jederzeit neue Code-
worte definieren oder vorhandene Codeworte l6schen. Dennoch empfiehlt es sich, auf die
Konstruktion des Codewortsytems Zeit und Sorgfalt zu verwenden, denn das Codieren von
Texten nimmt erhebliche Zeit in Anspruch. Sollte sich spater herausstellen, daB das Code-
wortsystem nur wenig brauchbar ist oder erheblich umgestaltet werden muf3, hat man viel
Zeit nutzlos vertan. In WINMAX kénnen hierarchische Kategoriensystem aufgebaut werden,
d. h. zu Codeworten kdnnen Untercodeworte und zu diesen gegebenenfalls auch wieder Un-
tercodeworte definiert werden.
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Der Auswertungsprozef3 der computergestiitzten Textanalyse ist um diese Technik des
Segmentierens und Codierens herum angeordnet. Die Codeworte, welche den Textseg-
menten zugeordnet werden, haben den Charakter von thematischen Kategorien: Sie dienen
dazu, Themen in den transkribierten Interviews zu identifizieren. Die Codierung ist die Vor-
stufe, die notwendige Voraussetzung fir die darauf folgende querschnittliche Analyse des
Datenmaterials, bei der zunachst die zu den gleichen Kategorien gehérenden Textsegmente
in vergleichender Weise bearbeitet werden. Diese vergleichende Themenanalyse zielt dann
daraut ab, durch kontrastierende Vergleiche Ahnlichkeiten zwischen den einzelnen Perso-
nen, Besonderheiten einzelner Falle und Zusammenhange von Kategorien zu finden.

Diese Codier- und Retrievaltechniken verschlingen eine Menge an Zeit und Arbeit des For-
schers. Das Resultatist, daB das Datenmaterial strukturiert, d. h. in eine Gberschaubare Ord-
nung gebracht wird. Es gleicht nun den geordneten Arzneimitteln in der Apotheke, die sich
wohlsortiert in Schubladen- oder Regalschranken befinden. Schubladenetiketten geben
Auskunft darliber, was einen erwartet, wenn man sie 6ffnet. Mit den Zusammenstellungen
von Textpassagen, gegebenenfalls auch in Form von Vergleichen bestimmter Untergruppen
der Probanden, IaBt sich unschwer ein Forschungsbericht erstellen. Die entscheidenden Di-
mensionen kénnen herausgearbeitet werden, Schlisselpassagen markiert und interpretiert
werden.

Die Methoden der Textbearbeitung haben sich im letzten Jahrzehnt in vielfaltiger Richtung
entwickelt. Zum einen haben sich die Méglichkeiten der Kategoriensysteme vom einfachen
linearen Codewortsystem zu beliebig tief staffelbaren hierarchischen Codewortsystemen
und Netzwerk-Codewortsystemen verbessert. Zum anderen offerieren die Programme, wie
das vom Autor entwickelte Programm WINMAX, inzwischen mehrere Werkzeuge zur quali-
tativen Textbearbeitung, aiso nicht nur das klassische Hilfsmittel der Codeworte, die zu Text-
segmenten zugeordnet werden, sondern auch

¢ fallbezogene Variablen

* Memos

* Codeworte, die zu Memos zugeordnet werden kénnen und

¢ Fuzzy Variables, die zu codierten Segmenten zugeordnet werden kénnen

Memos zu schreiben ist eine zentrale Arbeitstechnik innerhalb der Methode der Grounded
Theory (vgl. Strauss 1991), erweist sich aber auch fur Forscher von Nutzen, die nicht nach
dieser Methode vorgehen. Memos stellen eine Moglichkeit dar, die eigenen Gedanken, lde-
en und Theorien, die im analytischen ProzeR entstehen, festzuhalten. In WINMAX werden
Memos wie die bekannten gelben Post-it-Zettel an irgendeine Stelle im Text angeheftet. An-
ders als die Texte, die als Dokumente behandelt werden, und nach dem Einlesen nicht mehr
verandert werden kénnen, sind Memos jederzeit zuganglich und verénderbar. Zu Memos
kénnen, genau wie zu Textsegmenten, Codeworte zugeordnet werden. Mittels eines Memo-
Managers lassen sich Memos gezielt nach verschiedenen Kriterien, z.B. nach zugeordneten
Codeworten, nach Suchbegriffen etc. auffinden und zusammenstellen.
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Abb. 2 Eingabe von Codeword-Patterns zu einem Memo in WINMAX

Weitere analytische Prozeduren werden durch die Mdglichkeit erdffnet, parallel zu jedem
Text einen Datensatz von standardisierten Variablen zu verwalten. Dabei kann es sich zum
einen um Informationen handeln, die bereits zum Zeitpunkt der Text-Transkription vorlagen,
zum anderen um Informationen, die erst durch die Textauswertung selbst erzeugt werden. In
Interviewstudien liegen beispielsweise meist schon zu Beginn eine Reihe von Rahmendaten
vor, z. B.:

* der Zeitpunkt der Befragung

* der Ort der Befragung

die Dauer der Befragung

der Interviewer sowie

die soziodemographischen Daten des Befragten (Geschlecht, Alter, Familienstand, Zahl
der Kinder etc.)

e o o

All diese Daten kdnnen als Variablenwerte gespeichert werden und als Selektionskriterium
beim Text-Retrieval dienen. In diesem Datensatz der Variablen kénnen naturlich auch dieje-
nigen Daten gespeichert werden, die bei der Textauswertung generiert werden. So kann
man bestimmte inhaltliche Aspekte als Variablen definieren und dann die Individuen des Da-
tensatzes auf entsprechenden Skalen einstufen. Beispielsweise lassen sich alle Textpassa-
gen zusammenstellen, in denen Patienten dber Verdnderungen ihres Alitagsiebens nach
der Kur berichten, und darauf aufbauend |&f3t sich eine Skala mit drei Auspragungen definie-
ren: 1= keinerlei Anderungen, 2=geringfiigige Anderungen, 3= erhebliche Veranderungen
der Lebensweise.

Die Methoden- und Softwareentwicklung der letzten Jahre hat sich damit beschaftigt, was
nach dem skizzierten Codierungsprozef3 des ,Code-and-Retrieve” sinnvollerweise gesche-
hen kann. Dabei lassen sich verschiedene Orientierungsrichtungen unterschieden.
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4 Software

Hinsichtlich der Software hat sich erfreulicherweise die Situation in den letzten Jahren we-
sentlich verbessert: Die Programme sind benutzerfreundlicher geworden, teilweise sind
auch bereits leicht handhabbare WINDOWS-Versionen verfiigbar. Zu den meisten Program-
men sind Demonstrationsversionen erhéltlich, mit denen man selbst ausprobieren kann, ob
das Programm fiir die eigenen Daten und Auswertungsvorstellungen die geeigneten Funk-

tionen besitzt, und ob man sich mit der Benutzerfreundlichkeit und der Handhabung des Pro-
gramms anfreunden kann.

In der Entwicklung von Software fur die computergestitzte Textanalyse - soweit sie sozial-
wissenschaftlichen Orientierungen folgt - sind gegenwértig drei Orientierungsrichtungen
auszumachen:

1. Der Ansatz, formalisierte Regeln der qualitativen Hypothesenprifung zu entwickeln. Die-
ser Ansatz arbeitet auf der Basis der Codeworte und sucht nach RegelmaBigkeiten des
gemeinsamen Vorkommens der Codeworte (vgl. Huber 1994); Er ist am konsequente-
sten in den Programmen AQUAD und NUDIST umgesetzt.

2. Der Ansatz, Kategorien und theoretische Konzepte in Form von Netzwerken nach gra-
phentheoretischem Muster abzubilden (Programm ATLAS-T/, vgl. Muhr 1991).

3. Der Ansatz, qualitative und quantitative Analyseschritte auf eine neue Weise zu integrie-
ren (vgl. Kuckartz 1992 und 1995, Roller/Mathes 1993) und Uber Dimensionalisierung,
Klassifizierung und Skalenbildung zur Typenbildung fortzuschreiten (Programm MAX fir
WINDOWS, vgl. Kuckartz 1995).

Fir die qualitative Forschung haben diese Analyseprogramme die Bedeutung von duBerst
effektiven Werkzeugen. Gegenuber der friheren handwerklichen Auswertung mit Schere,
Klebstoff und Papier entsteht keinerlei Mehraufwand, doch bieten sich durch den Einsatz der
Programme weitaus erweiterte Auswertungsmoglichkeiten: Eine gréBere Anzahl von Inter-
views kann bearbeitet werden, das Datenmateria! und Teile desselben sind stets leicht und
schnell zugénglich, die Kommunikation mit den Daten ist enger und intensiver und durch sy-
stematische Codierungsprozesse konnen die im Datenmaterial vorhandenen Informationen
und Strukturen besser und vollstandiger erschlossen werden. Auf diese Weise kann die in-
terne Validitat der qualitativen Forschung, deren Mangel Kritiker haufig beklagen, betracht-
lich erhéht werden.
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Ein Informationssystem fiir die Sozialwissenschaften:
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{MarxIMutschke}@1Z-Bonn.GESIS.d400.de

Zusammenfassung

Im Bereich der Sozialwissenschaften wird von Informationsvermittlungseinrichtungen wie
der Gesellschaft Sozialwissenschattlicher Infrastruktureinrichtungen e.V. (GESIS) in zuneh-
wendem MaRe die Vermittlung qualitativ hochwertiger und komplexer Informationen lber
¢ zialwissenschaftliche Fragestellungen und Erkenntnisprozesse sowie Uber die Struktur
v1d Entwicklung sozialwissenschaftlicher Forschungsfelder erwartet. Mit der konventionel-
I::n Datenbankrecherche kann jedoch nur ein Teil dieses “erhéhten”Informationsbedarfs ab-
gedeckt werden. Ziel des Projekis GESINE' ist daher die Entwicklung einer unternehmens-
ubergreifenden objektorientierten Desktop-Umgebung, in der die Informationsbestande der
GESIS-Institute fur Mitarbeiter und Nutzer in homogener und integrativer Weise unter einer
graphischen Benutzeroberflache als Corporate Knowledge zur Vertiigung gestellt werden.

Abstract

The traditional role of Information Service Institutions in the Social Sciences is changing.
There is a growing demand for complex and value added information on scientific problems
1s well as on the structure and development of the scientific discourse. Traditional informa-
tion technology (e.g. common query languages) can only meet part of that higher information
need.

Therefore, the project GESINE contends to develop a strictly object-oriented desktop envi-
-onment that integrates the inhomogenous information resources of all GESIS-institutes.
SESINE attempts to provide access to that Corporate Knowledge in one graphical user in-
terface for employees and users.

1 Eine informationstechnologische Bestandsaufnahme der Gesellschaft
Sozialwissenschaftlicher Infrastruktureinrichtungen e.V. (GESIS)

Die GESIS ist ein ZusammenschluB3 dreier regionaler Zentren in Bonn, Kéin und Mannheim
mit einer AuBenstelle in Berlin, die sich die Unterstitzung der sozialwissenschaftlichen For-
schung sowie die Uiberregionale wie internationale Wissenschaftskommunikation zum Ziel
gemacht hat. lhre Dienstleistungen umfassen im wesentlichen die Methodenentwickiung
und -beratung sowie die Bereitstellung relevanter Daten der Sozialforschung. Die Datenbe-
stande der GESIS reichen von bibliographischen Angaben in Literaturdatenbanken iber

1 Die GESIS-Datenbestinde integrierendes sozialwissenschaftliches Informationssystem
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