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Zusammenfassung

Kernthema votliegender Arbeit ist die systematische Analyse alterskorrelierter kognitiver Verande-
rungen. Im Zentrum der Untersuchungen steht dabei die Frage, ob Altersunterschiede beim Lesen mit
Distraktoren einen Beleg fiir ein altersbezogenes Defizit der inhibitorischen Aufmerksamkeitskontrolle
darstellen. Die tbliche Aufgabe der Probanden in diesem Paradigma besteht darin, kurze Textpassagen
laut vorzulesen, in welche in den Experimentalbedingungen Distraktorwérter eingestreut sind. In der
Regel findet man, dass die Leseleistung élterer Erwachsener durch die eingestreuten Distraktorworter
starker beeintrichtigt ist als die jingerer Erwachsener. Dieser Befund dient als wichtige empirische
Stiitze fiir die Annahme eines altersbedingten Defizits in der inhibitorischen Aufmerksamkeitskontrolle
und wird immer wieder in Uberblicksartikeln zitiert. Allerdings sprechen die Altersunterschiede beim
Lesen mit Distraktoren nicht eindeutig fur ein Problem der Interferenzkontrolle im héheren Lebensal-
ter, denn es existieren Alternativerklirungen und Inkonsistenzen hinsichtlich der veréffentlichten Be-
funde. Durch methodische Verbesserungen sollte in vorliegender Arbeit die Interpretation des Be-
fundmusters disambiguiert werden. Hierbei zeigte sich, dass die Altersunterschiede beim Lesen mit
Distraktoren zwar teilweise, aber nicht ausschlieBlich durch altersbedingte Verinderungen in der Seh-
schirfe erklirt werden kénnen. Dieser Sachverhalt legt den Schluss nahe, dass tatsdchlich altersbezoge-
ne Defizite in hoheren kognitiven Prozessen - wie eine Reduktion der inhibitorischen Aufmerksam-
keitskontrolle - ursdchlich fiur die Altersunterschiede sind. Allerdings zeigen die vorliegenden Daten
auch, dass das Auftreten von Altersunterschieden in der Beeintrichtigung der Leseleistung von der
konkreten Umsetzung des experimentellen Paradigmas abhingt. Diese Tatsache ist konsistent mit der
Auffassung, dass altersbedingte Defizite in bestimmten Inhibitionsfunktionen existieren, altere Men-
schen jedoch nicht generell eine erhohte Interferenzanfilligkeit aufweisen. Die vorliegende Arbeit lie-
fert somit Evidenz fiir die Annahme, dass die Inhibitionsdefizittheorie als globale Theorie des kogniti-
ven Alterns kritisch betrachtet werden muss und stattdessen spezifischere Theorien zur Interferenzan-
falligkeit im hoheren Lebensalter notig sind, um das komplexe Muster altersbedingter Verinderungen in

inhibitorischen Aufmerksamkeitsmechanismen auf Modellebene abzubilden.
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Abstract

The present research focuses on the systematic analysis of age-related changes in cognitive func-
tioning. The investigations address the issue whether age differences in the reading-with-distraction task
provide evidence for an age-related deficit in inhibitory attentional control. In the original version of
the reading-with-distraction task, participants are required to read aloud short texts in which distractor
words are interspersed in the experimental conditions. Older adults’ reading performance is usually
more impaired by the presence of distractor words than younger adults’ reading performance. This
finding provides empirical support for an age-related deficit in inhibitory attentional control and is fre-
quently cited in review articles. Nevertheless, age differences in the reading-with-distraction task cannot
be unambiguously attributed to age-related problems with interference control because there are alter-
native explanations and inconsistencies regarding the pattern of published results. The aim of the pre-
sent work was to disambiguate the interpretation of the data pattern by applying methodological im-
provements. The present results showed that the age differences in the reading-with-distraction task are
to some degree, but not exclusively due to age-related perceptual deficits. This circumstance leads to
the conclusion that deficits in higher cognitive processes such as a reduction of inhibitory attentional
control are in fact causing the observed age differences. However, the present data also demonstrated
that the occurrence of age differences in the impairment of reading performance depends on the spe-
cific implementation of the experimental paradigm. This fact is consistent with the assumption that
there are age-related deficits in certain inhibitory functions, but that older people do not generally show
enhanced susceptibility to interference. The present work thus provides evidence for the assumption
that inhibition deficit theory has to be viewed critically as a general theory of cognitive aging and that
more specific theories of the age-related susceptibility to interference are necessary to depict the com-

plex pattern of age-related changes in inhibitory attentional processes on the modeling level.
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Einfihrung

Die kognitive Entwicklung ist mit Erreichen des Erwachsenenalters keinesfalls vollendet. In der
Regel lasst das kognitive Leistungsvermogen mit zunehmendem Lebensalter wieder nach. Diese alters-
korrelierte Reduktion der kognitiven Leistungsfihigkeit umfasst verschiedenste kognitive Komponen-
ten wie Gedachtnis, Aufmerksamkeit oder logisches Denken (Light, 2000; McDaniel, Einstein, & Jaco-
by, 2008). Im Laufe der Jahre wurden zahlreiche Theorien zur Erklirung der alterskorrelierten Leis-
tungsminderung ausgearbeitet. Neben den neurophysiologischen Theorien, die das kognitive Altern auf
physiologische Abbauprozesse im zentralen Nervensystem zuriickfihren (Anstey, Dear, Christensen, &
Jorm, 2005), existieren eine Vielzahl kognitionspsychologischer Theorien, welche die mit zunehmen-
dem Alter beobachtbaren Verinderungen der kognitiven Leistungsfihigkeit mit Verinderungen be-
stimmter Merkmale des kognitiven Systems erkliren. Diese Theorien lassen sich in zwei Kategorien
einteilen, in spezifische und in globale Theorien des kognitiven Alterns. Spezifische Theorien des kog-
nitiven Alterns basieren auf der Annahme, dass keine einzelne Ursache fir die kognitiven Leistungs-
einbuflen verantwortlich ist, sondern Effizienzminderungen verschiedener kognitiver Funktionen. Eine
solche kognitive Funktion ist beispielsweise das Erinnerungsvermogen an die Quelle einer Information,
welches im hoheren Lebensalter nachlisst (Johnson, Hashtroudi, & Lindsay, 1993). Globale Theorien
des kognitiven Alterns betonen hingegen, dass kognitives Altern das Ergebnis einer einzelnen Ursache
ist, welche die Informationsverarbeitung auf breiter Ebene beeinflusst. Eine solche Ursache kann bei-
spielsweise eine allgemeine Verlangsamung der Geschwindigkeit sein, mit der mentale Operationen
ausgefithrt werden (Salthouse, 1996). Die Grundannahme dieser Verarbeitungsgeschwindigkeitstheorie ist,
dass relevante mentale Operationen im héheren Lebensalter nicht mehr in der erforderlichen Schnellig-
keit ausgefiihrt werden kénnen. Deshalb kénnen sie entweder in einem gegebenen Zeitfenster nicht
rechtzeitig abgeschlossen werden oder sie sind fehlerhaft, weil auf erarbeitete relevante Zwischenresul-
tate nicht mehr zugegriffen werden kann. Eine weitere sehr populire globale Theorie des kognitiven

Alterns stellt die 1988 von Hasher und Zacks vorgestellte Inhibitionsdefizittheorie dar. Auf deren Inhalte
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soll im Folgenden niher eingegangen werden, da ihre systematische Untersuchung im Fokus der vorlie-
genden Arbeit steht.

Die Inhibitionsdefizittheorie basiert auf der Annahme, dass die Informationsverarbeitung im Ar-
beitsgedichtnis nicht nur durch aktivierende Prozesse gesteuert wird, sondern dass dartber hinaus in-
hibitorische Prozesse nétig sind, um Interferenzen durch aufgabenirrelevante Reize zu unterbinden. In
einer spiteren Erweiterung der Theorie postulieren Hasher, Zacks und May (1999) drei Funktionen der
inhibitorischen Prozesse, die priziser beschreiben, wie die fiir eine Aufgabe irrelevanten Informationen
gefiltert werden. (1) Die Zugangsfunktion (Acess Function) verhindert, dass durch Umweltreize oder
Gedanken automatisch aktivierte, aber irrelevante Informationen in das Arbeitsgedichtnis gelangen. (2)
Die Loschfunktion (Deletion Function) 16scht oder unterdriickt Informationen, die zwar zu einem frithe-
ren Zeitpunkt relevant waren, die aber durch eine Verinderung der Aufgabenstellung oder der personli-
chen Ziele der Person irrelevant wurden. (3) Die Zurtickhaltungsfunktion (Restraint Function) bewirkt,
dass auch dominante Informationen und geliufige Antwortmdoglichkeiten zunichst zuriickgestellt wer-
den kénnen, damit auch weniger dominante Informationen auf ihre Relevanz fiir die jeweilige Aufgabe
Uberpriift werden kénnen. Der Inhibitionsdefizittheorie zufolge arbeiten alle drei Inhibitionsfunktionen
mit zunehmendem Alter ineffektiver. Durch dieses zentrale Defizit der inhibitorischen Aufmerksam-
keitskontrolle sind bei ilteren Erwachsenen mehr irrelevante Elemente im Arbeitsgedichtnis aktiviert
als bei jiingeren Erwachsenen. Da die aktivierten irrelevanten Elemente die Verarbeitung sowie die Be-
reithaltung der relevanten Information beeintrichtigen (Zacks, Hasher, & Li, 2000), resultieren die Leis-
tungseinbullen in einer Reihe von kognitiven Funktionen (Hasher, Lustig, & Zacks, 2007; Lustig, Has-
her, & Zacks, 2007).

Viele Befunde und Alltagsphinomene sprechen fiir altersbedingte Probleme in der inhibitorischen
Aufmerksamkeitskontrolle. So berichten viele Senioren von zunehmenden Schwierigkeiten, sich auf
eine Titigkeit zu konzentrieren, wihrend sie von fiir diese Titigkeit irrelevanten Umweltreizen umge-
ben sind. Und auch empirisch konnte gezeigt werden, dass dltere Menschen hiufig vom Thema abwei-
chen und irrelevante Informationen in die Verarbeitung von relevanten Informationen mit einbeziehen

(McDowd, Oseas-Kreger, & Filion, 1995; Zacks & Hasher, 1994). Dariiber hinaus dient insbesondere
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der Befund, dass iltere Probanden im Vergleich zu jingeren Erwachsenen einen reduzierten Negative-
Priming-Effekt zeigen, als Argument fur ein altersbedingtes Defizit in der inhibitorischen Aufmerksam-
keitskontrolle (Hasher, Stoltzfus, Zacks, & Rypma, 1991; Kane, Hasher, Stoltzfus, Zacks, & Connelly,
1994; Stoltzfus, Hasher, Zacks, Ulivi, & Goldstein, 1993). Uberdies wird ein stirker ausgeprigter Szrogp-
Effekt bei dlteren Menschen (MacLeod, 1991; Salthouse, Atkinson, & Berish, 2003) hiufig im Sinne
ciner stirkeren Interferenzanfilligkeit bei dlteren Erwachsenen interpretiert. Allerdings offenbart eine
eingehendere Auseinandersetzung mit der Literatur eine insgesamt widerspriichliche Befundlage. In
aktuelleren Publikationen sowie Metaanalysen blieben die Altersunterschiede in der GroéB3e des Negative-
Priming-Effektes aus (Gamboz, Russo, & Fox, 2002; Grant & Dagenbach, 2000; Kramer & Strayer,
2001). Dariiber hinaus konnte eine weitere Metaanalyse zeigen, dass sich der ausgeprigtere Stroop-Ef-
fekt bei dlteren Erwachsenen auch durch eine allgemeine altersbedingte kognitive Verlangsamung und
damit mit der Verarbeitungsgeschwindigkeitstheorie erkliren lisst (Verhaeghen & De Meersman, 1998).
Dementsprechend lie3en sich Schlisselbefunde, die zum Beleg der Inhibitionsdefizittheorie herangezo-
gen wurden, nicht zuverlissig replizieren. Dadurch geriet die Inhibitionsdefizittheorie des kognitiven
Alterns stark in die Kritik, und die insgesamt uneinheitliche Befundlage fiihrte zu zahlreichen Kontro-
versen und zu diametralen Standpunkten innerhalb der Literatur.

Auf der einen Seite wird die Annahme eines altersbedingten Inhibitionsdefizits als falsifiziert be-
trachtet und jegliche beobachtbaren Altersunterschiede in der kognitiven Leistungsfihigkeit werden auf
andere Ursachen als auf altersbezogene Defizite in der inhibitorischen Aufmerksamkeitskontrolle zu-
rickgefihrt (Burke, 1997; Burke & Osborne, 2007). Auf der anderen Seite wird der Inhibitionsdefi-
zittheorie weiterhin ein umfangreicher Geltungsbereich attestiert (Hasher et al., 2007; Lustig & Hasher,
2001; Lustig, Hasher, & Tonev, 2001; Zacks et al., 2000). Die inkonsistente Befundlage wird beispiels-
weise dadurch erklirt, dass die bislang verwendeten Paradigmen unter bestimmten Umstinden kein zu-
verlassiges Mal3 fur inhibitorische Kontrollmechanismen darstellen (Lustig et al., 2007). In der Tat zei-
gen neuere Befunde, dass der Negative-Priming-Effekt weniger auf eine noch vorhandene Restinhibition
des zuvor ignorierten Reizes zuriickgeht (Tipper, 1985, 2001), sondern vielmehr auf einem Konflikt

zwischen der Erinnerung an die geforderte Reaktion in der Prime-Episode und der tatsachlich verlang-



Seite 9

ten Reaktion in der Probe-Episode beruht (Mayr & Buchner, 2006; Neill, Valdes, Terry, & Gorfein,
1992). Das Argument der unzureichenden Konstruktvaliditit von zur Uberpriifung der Inhibitionsdefi-
zittheorie verwendeten Paradigmen wie dem Negazzve-Priming-Effekt scheint also nicht eindeutig von der
Hand zu weisen zu sein. Dementsprechend gestaltet sich die Einschitzung der Giiltigkeit der Inhibiti-
onsdefizittheorie als schwierig,

Doch die bislang diskutierten Befunde sind nicht die einzigen Anhaltspunkte fur ein Nachlassen
der inhibitorischen Aufmerksamkeitskontrolle mit zunehmendem Lebensalter. Eine der wichtigsten
empirischen Stitzen fir die Annahme eines altersbedingten Inhibitionsdefizits stellt das Befundmuster
in einem Paradigma dar, das im Gegensatz zu vorstehend aufgefiihrten Paradigmen speziell zur Uber-
prufung der Interferenzanfalligkeit im hoheren Lebensalter entwickelt wurde: das Lesen mit Distraktoren.
In diesem Paradigma lesen iltere und jiingere Erwachsene kurze Texte. In den Experimentalbedingun-
gen werden Distraktorworter in den zu lesenden Text eingestreut. Diese Distraktoren sind dadurch ge-
kennzeichnet, dass sie einen anderen Schriftstil aufweisen als die zu lesenden Wérter des Zieltextes. Ub-
licherweise werden zu lesende Worter kursiv geschrieben, und die zu ignorierenden Worter werden in
aufrechter Schrift in den kursiven Text eingestreut. In der Kontrollbedingung enthalten die Texte keine
Distraktoren. Die Aufgabe der Probanden ist es, den kursiven Text laut vorzulesen und alle aufrechten
Worter in dem Text zu ignorieren. Die Zeit, die die Probanden benétigen, um den Text vollstindig
vorzulesen, wird erfasst. Nach jedem Text folgt ein Textverstindnistest in Form eines Multiple-Forced-
Choice-Rekognitionstests. Die Probanden bekommen mehrere Fragen zu dem Text gestellt. Als Ant-
wortalternativen werden jeweils ein Zielwort (ein zuvor zu lesendes Wort), ein Distraktorwort (ein zu-
vor zu ignorierendes Wort) und neue Worter dargeboten. Die Aufgabe des Probanden ist es, das zuvor
zu lesende Zielwort aus diesen Antwortalternativen auszuwihlen. Ublicherweise zeigt sich bei ilteren
Erwachsenen eine ausgeprigtere Lesezeitverlangsamung durch Distraktoren als bei jingeren Erwach-
senen (Carlson, Hasher, Connelly, & Zacks, 1995; Connelly, Hasher, & Zacks, 1991; Darowski, Helder,
Zacks, Hasher, & Hambrick, 2008; Duchek, Balota, & Thessing, 1998; Dywan & Murphy, 1996; Kim,
Hasher, & Zacks, 2007; Li, Hasher, Jonas, Rahhal, & May, 1998). Aulerdem wird in manchen Studien

beobachtet, dass das Textverstindnis von dlteren Erwachsenen stirker durch die Distraktoren beein-
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trachtigt ist und dass altere Erwachsene ofter als jiingere Erwachsene das eigentlich zu ignorierende
Distraktorwort auswihlen (Catlson et al., 1995; Dywan & Murphy, 1996; Kemper, McDowd, Metcalf, &
Liu, 2008). Die GroBe der Altersunterschiede in der Verlangsamung durch Distraktoren wird mal3geb-
lich durch die Ahnlichkeit der verwendeten Distraktoren zu dem zu lesenden Text determiniert. Die
Altersunterschiede sind stirker ausgeprigt, wenn die Distraktoren semantisch auf den zu lesenden Text
bezogen sind (Catlson et al., 1995; Li et al., 1998). Auf Basis der Inhibitionsdefizittheorie wurde als Ex-
klirung fir diesen Befund vorgeschlagen, dass semantisch auf den Text bezogene Distraktorworter bei
ilteren Erwachsenen die Aufmerksamkeit stirker von der Leseaufgabe abziehen als andere Distrakto-
ren, weil sie - einmal durch Defizite in der Zugangsfunktion in das Arbeitsgedichtnis gelangt - zu einer
starkeren Aktivierung von alternativen Interpretationen des gelesenen Textes fithren, die gegeneinander
abgewogen werden miissen (Carlson et al., 1995). Neben der semantischen Ahnlichkeit beeinflusst zu-
dem die perzeptuelle Ahnlichkeit zwischen Distraktoren und zu lesendem Text die GroBe der Altersun-
terschiede in der Lesezeitverlangsamung, Die altersbezogenen Unterschiede sind nicht vorhanden,
wenn die Stellen im Text vorhersehbar sind, an denen die Distraktoren prisentiert werden (Carlson et
al., 1995). Ahnlich wie bei fritheren Befunden zum Negative-Priming-Effekt (Connelly & Hasher, 1993),
wurde auch beim Lesen mit Distraktoren argumentiert, dass zwei unabhingige inhibitorische Systeme
fir die Unterdrickung von Reizidentitit und Reizort existieren, von denen nur das System fiir die Reiz-
identitdtsinhibition alterskorrelierte Defizite aufweist. Andere Untersuchungen finden ebenfalls keine
Altersunterschiede in der Lesezeitverlangsamung, wenn Zieltext und Distraktorworter beispielsweise
durch verschiedene Schriftfarben perzeptuell gut voneinander unterscheidbar sind (Kemper &
McDowd, 2006; Phillips & Lesperance, 2003). Allerdings modifizierten gerade diese Studien das ur-
spriungliche Paradigma sehr stark, indem beispielsweise einzelne Sitze statt ganzer Texte verwendet
wurden, in die lediglich einmalig ein Distraktorwort oder eine Distraktorsequenz eingestreut wurde.
Diese Prozedur erhéht wiederum die Vorhersehbarkeit der Distraktorposition. Daher kann das Aus-
bleiben von Altersunterschieden in der Lesezeitverlangsamung bei diesen Untersuchungen ebenso mit
einem altersinvarianten inhibitorischen System fir den Reizort erklirt werden. Im Allgemeinen ent-

spricht demnach das Befundmuster hinsichtlich der Altersunterschiede in der distraktorinduzierten Le-
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sezeitverlangsamung beim Lesen mit Distraktoren den Vorhersagen der Inhibitionsdefizittheorie. Da-
her wird das tibliche Ergebnis - dass éltere Erwachsene durch Distraktoren stirker beim Lesen verlang-
samt sind als jingere Erwachsene - immer wieder als Evidenz fur altersbedingte Defizite in der inhibi-
torischen Aufmerksamkeitskontrolle interpretiert und in Uberblicksartikeln zitiert (Hasher et al., 2007;
Lustig & Hasher, 2001; Lustig et al., 2001; Lustig et al., 2007; Zacks et al., 2000).

Allerdings ist die Interpretation der Befunde auch beim Lesen mit Distraktoren nicht so eindeutig,
wie es zundchst scheinen mag. Auch in diesem Fall fihren die Kritiker der Inhibitionsdefizittheorie eine
Alternativerklirung an, die das Befundmuster genauso gut erkliren kann wie die Inhibitionsdefizittheo-
rie. So wurde postuliert, dass alle Altersunterschiede in der Interferenzanfilligkeit in diesem Paradigma
auf altersbedingte sensorische Defizite zurtickzufithren sind (Burke & Osborne, 2007; Burke & Shafto,
2008). Diese Auffassung erscheint plausibel, denn in der Tat erfordert die Aufgabe die Unterscheidung
von subtilen perzeptuellen Unterschieden im Schriftstil. Aulerdem ist bekannt, dass das Altern mit ei-
ner Vielzahl von Verinderungen im visuellen System einhergeht, die nicht mit einer externen Sehhilfe
kompensiert werden kénnen und die eine Reduktion der Sehschirfe alterer Erwachsener bedingen (Fo-
zard, 1990; Schieber, 1992). Somit liegt die Annahme nahe, dass altere Erwachsene zumindest gelegent-
lich den Unterschied zwischen aufrechten Distraktorwortern und kursiven Zieltextwortern nicht erken-
nen kénnen und daher die Distraktorworter mit einer gréfBeren Wahrscheinlichkeit verarbeiten als jiin-
gere Erwachsene. Aufgrund der offensichtlichen Méglichkeit eines solchen direkten Einflusses der Seh-
schirfe auf die Ablenkbarkeit beim Lesen mit Distraktoren scheint es umso verwundetlicher, dass keine
der aufgefihrten Studien die Sehschirfe der Probanden kontrolliert hat oder auch nur berichtet. Daher
existiert kein empirischer Anhaltspunkt tiber die faktische Bedeutsamkeit der Sehschirfeproblematik.
Aufgrund der erheblichen altersbedingten Verinderungen im visuellen System lisst sich aber vermuten,
dass zumindest ein Teil der in den einschligigen Studien berichteten Altersunterschiede statt auf Defi-
ziten in der Interferenzkontrolle eigentlich auf altersbedingte Defizite in der Sehschirfe zuriickzufiih-
ren ist. Dieser alternative Erklarungsansatz fir die Altersunterschiede beim Lesen mit Distraktoren
konnte auBlerdem erkliren, weshalb die Altersunterschiede in der Ablenkbarkeit beim Lesen mit

Distraktoren geringer werden oder sogar gar nicht mehr vorhanden sind, wenn Zieltext und Distrak-
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torworter durch eine andere Schriftart gut voneinander zu unterscheiden sind oder wenn sich die
Distraktorworter an vorhersehbaren Positionen befinden (Catlson et al., 1995; Kemper & McDowd,
2006; Phillips & Lesperance, 2003). Dariiber hinaus kénnte der Einfluss der semantischen Ahnlichkeit
zwischen Zieltext und Distraktoren auf die Gro3e der Altersunterschiede beim Lesen mit Distraktoren
ebenfalls durch altersbedingte sensorische Defizite erklirt werden. Wenn man annimmt, dass die Diffe-
renzierung von zu lesendem Text und Distraktoren bei idlteren Erwachsenen auf perzeptueller Ebene
beeintrachtigt ist, verlassen sich iltere Erwachsene moglicherweise stirker als jingere Erwachsene auf
den semantischen Kontext um zu entscheiden, ob es sich bei dem jeweiligen Wort um ein zu lesendes
Wort oder um ein Distraktorwort handelt. Sofern jedoch auch die Semantik nicht zwischen beiden
Wortkategorien differenziert, wiren altere Erwachsene auch durch sensorische Defizite in besonderem
Mafe von der Interferenz durch semantisch assoziierte Distraktoren betroffen. Offenkundig kénnen
demnach sowohl inhibitorische als auch sensorische Defizite im hoheren Lebensalter das gesamte Be-
fundmuster einer der wichtigsten empirischen Stiitzen fir die Inhibitionsdefizittheorie erkliren. Somit
ist fiir die Beurteilung des Giiltigkeitsumfangs der Inhibitionsdefizittheorie die Uberpriifung der Frage
unerlisslich, ob die Altersunterschiede beim Lesen mit Distraktoren ausschlieB3lich auf alterskorrelier-
ten Defiziten in der Sehschirfe beruhen, oder ob sie tatsichlich aus Defiziten in héheren kognitiven
Prozessen - wie ineffektiven inhibitorischen Aufmerksamkeitsmechanismen - resultieren.

Doch die Vernachlissigung von altersbedingten sensorischen Defiziten als potenzielle Ursache fir
die gefundenen Altersunterschiede in der Interferenzanfilligkeit stellt nicht den einzigen zu kritisieren-
den Aspekt in der Methodik der bisherigen Studien zum Lesen mit Distraktoren dar. Insbesondere ste-
chen Punkte hervor, die primir mit der konkreten Operationalisierung der eigentlich zu erfassenden
Variablen und demnach mit der konkreten Umsetzung der Aufgabe zusammen hingen. Bei genauerer
Betrachtung der Ergebnisse hinsichtlich der Altersunterschiede in der Beeintrichtigung des Text-
verstindnisses durch Distraktoren zeigt sich im Gegensatz zu den Lesezeiten ein uneinheitliches Da-
tenmuster (siche Tabelle 1 in Artikel 2). Lediglich zwei von elf Studien zeigten eine stirkere Beeintrich-
tigung von élteren Erwachsenen in den Experimentalbedingungen beztiglich der Fahigkeit, das Zielwort

korrekt auszuwihlen. Zugleich zeigten nur zwei von sieben Studien einen Anstieg von félschlicherweise
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ausgewihlten Distraktorwortern bei alteren Erwachsenen!. Prinzipiell wiren somit auch die Ergebnisse
des Rekognitionstests mit der Annahme vereinbar, dass faktisch keine altersbezogenen Einbufen in der
inhibitorischen Aufmerksamkeitskontrolle existieren (Burke, 1997; Burke & Osborne, 2007). Stattdes-
sen konnte das Zusammenspiel von Alpha-Fehler und Publikationsbias in Richtung der Veroffentli-
chung von (statistisch) ,,signifikanten® Ergebnissen das Datenmuster des Rekognitionstests erklaren.
Jedoch sind auch Alternativerkldrungen fir die Inkonsistenzen vorstellbar, die mit der Annahme eines
altersbedingten Inhibitionsdefizits gut vereinbar sind. Beispielsweise zeigte sich, dass der verwendete
Rekognitionstest tiber eine dullerst geringe Reliabilitit verfigt (mit Cronbach-Alpha-Koeffizienten von
41 bis .42; Darowski et al., 2008), so dass die uneinheitliche Befundlage auch auf die geringe Reliabili-
tat des Testverfahrens statt auf erhaltene Inhibitionsfunktionen zuriickzuftihren sein kénnte. Doch ei-
ner der moglicherweise gravierendsten potentiellen Griinde fiir die Inkonsistenz ist, dass ein Rekogniti-
onstest echer die Erinnerung an oberflichliche Merkmale eines Textes priift. Allerdings sind die meisten
Textverarbeitungsmodelle in ihrer Grundannahme konform, dass die Bedeutung eines Textes in einer
mentalen Reprisentation abgespeichert wird, die ein semantisches Netzwerk aus aktivierten Wortkon-
zepten und Propositionen darstellt (McNamara & Magliano, 2009). Eine solche mentale Textreprisen-
tation ldsst sich beispielsweise mit einer freien Reproduktionsaufgabe erfassen (Srinivas & Roediger,
1990). Allerdings wurden die Altersunterschiede in der Beeintrichtigung des Textverstindnisses beim
Lesen mit Distraktoren bislang noch nie mit einem Verfahren untersucht, das die mentale Reprisentati-
on eines Textes erfassen kann. Diese Tatsache ist problematisch, da auch die Interpretation der reliabel
gefundenen Altersunterschiede in den Lesezeiten ohne einen geeigneten Textverstindnistest aus ver-
schiedenen Griinden uneindeutig ist. Beispielsweise konnten Altersunterschiede im Geschwindigkeits-
Genauigkeits-Ausgleich (Brébion, 2001, 2003) dazu fithren, dass iltere Erwachsene gerade in den Be-
dingungen langsamer lesen, in denen der Aufbau einer kohirenten mentalen Textreprisentation durch
die Distraktoren erschwert wird.

Eine weitere Schwierigkeit bei der Auslegung des ausgeprigteren Lesezeitanstiegs bei dlteren Er-
wachsenen als Evidenz fiir ein altersbedingtes Inhibitionsdefizit ist, dass dltere Erwachsene bereits in

der Kontrollbedingung langsamer lesen als jingere Erwachsene. Da iltere Erwachsene gewohnlich in
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einer Vielzahl von kognitiven Aufgaben verlangsamt sind, wird in der Regel eine allgemeine altersbe-
dingte kognitive Verlangsamung (Salthouse, 1996) bei der Auswertung von Reaktionszeiten berticksich-
tigt (Gamboz et al., 2002; Verhaeghen & De Meersman, 1998). Hinsichtlich des Lesens mit Distrakto-
ren beinhaltet dies, dass dem Test auf Altersunterschiede in der Lesezeitverlangsamung durch Distrak-
toren zusitzlich eine andere Nullhypothese zugrunde gelegt werden sollte: Anstatt ausschlieBlich zu
tberpriifen, ob Altersunterschiede in der Differenz zwischen der Lesezeit in der Kontrollbedingung
und der Lesezeit in der Experimentalbedingung existieren, sollte iiberdies eine proportionale Auswer-
tung verwendet werden. Bei der proportionalen Auswertung wird getestet, ob sich die Relation von Le-
sezeitanstieg in der Experimentalbedingung zur Lesezeit in der Kontrollbedingung zwischen alteren
und jungeren Erwachsenen unterscheidet. Somit kann kontrolliert werden, ob der Lesezeitanstieg in
den Experimentalbedingungen lediglich aus einer generellen Verlangsamung der ilteren Erwachsenen
resultiert, die sich als multiplikativer Faktor in den Lesezeiten zeigen wiirde. Nur in einer bisherigen
Studie wird eine proportionale Auswertung der Lesezeiten berichtet (Kim et al., 2007), bei der sich zeig-
te, dass der Altersunterschied in der Lesezeitvetlangsamung nicht bestehen blieb?. Diese Tatsache vet-
deutlicht abermals, dass die Ergebnisse der Lesezeiten fiir sich allein genommen wenig aussagekriftig
sind. Dariiber hinaus ist verwunderlich, dass in den meisten Studien die mittlere Lesezeit fiir einen ge-
samten Text zur Beurteilung von Altersunterschieden in der Interferenzanfilligkeit herangezogen wird,
obwohl die Inhibitionsdefizittheorie die Herleitung weitaus spezifischerer Hypothesen beziiglich der
einzelnen Wortkategorien (Zieltextworter und Distraktorworter) erlaubt.

Folglich erweist sich die bisher angewandte Methodik zur Untersuchung von Altersunterschieden
in der Ablenkbarkeit beim Lesen mit Distraktoren insgesamt als suboptimal. Neben der Missachtung
von sensorischen Defiziten als potentieller Ursache fir die Altersunterschiede wird ein ungeeigneter
Textverstindnistest verwendet. Uberdies basiert die Argumentation zugunsten der Inhibitionsdefi-
zittheorie mafigeblich auf der relativ unprizisen Messung der mittleren Lesezeit fur einen Text. Somit
ist vollig unklar, ob die Altersunterschiede in der Interferenzanfalligkeit beim Lesen mit Distraktoren
tatsdchlich auf ein altersbedingtes Inhibitionsdefizit zurtckzufihren sind. Dieser Frage widmet sich die

vorliegende Arbeit in vier Einzelexperimenten. In Experiment 1 wurde Gberpriift, ob sich die Altersun-
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terschiede in der Interferenzanfilligkeit bei jingeren Erwachsenen simulieren lassen, wenn ihre Seh-
schirfe kinstlich auf die Sehschirfe alterer Erwachsener reduziert wird (Artikel 1). In Experiment 2
wurde untersucht, ob die Altersunterschiede in der Ablenkbarkeit durch Distraktoren bestehen bleiben,
wenn dltere und jiingere Erwachsene tiber dieselben sensorischen Grundvorraussetzungen hinsichtlich
der Sehschirfe verfiigen (Artikel 1). In Experiment 3 wurde der klassische Rekognitionstest durch eine
freie Reproduktionsaufgabe ersetzt. Es sollte tiberpriift werden, ob sich Altersunterschiede in der Be-
eintrichtigung des Textverstindnisses zeigen, wenn man ein Testverfahren verwendet, das dazu geeig-
net ist, die mentale Reprisentation eines Textes zu erfassen (Artikel 2). In Experiment 4 wurden spezi-
fischere Hypothesen der Inhibitionsdefizittheorie hinsichtlich der Lesezeiten fiir einzelne Wortkategori-
en mit Hilfe der Moving-Window-Methode untersucht (Artikel 3). Unter Annahme eines allgemeinen In-
hibitionsdefizits als Erklirung fur die Altersunterschiede beim Lesen mit Distraktoren wiirde man er-
warten, dass sich Altersunterschiede in der Ablenkbarkeit unter allen Manipulationen zeigen. Da der
Aufbau, der Ablauf, sowie die Ergebnisse der Experimente in Artikel 1, Artikel 2 und Artikel 3 im De-

tail beschrieben sind, soll im Folgenden nur ein kurzer Uberblick gegeben werden.

Experiment 1

In Experiment 1 wurde tberprift, ob sich die Altersunterschiede in der Interferenzanfilligkeit bei
jungeren Erwachsenen simulieren lassen, wenn ihre Sehschirfe kinstlich auf die Sehschirfe alterer Er-
wachsener reduziert wird. Zur Visusreduktion wurden so genannte partielle Okklusionsfolien (Ryser
Optik; St. Gallen, Schweiz) verwendet. Die tritbende Eigenschaft der Folien dhnelt der eines Milchgla-
ses. Sie wird mithilfe eingearbeiteter Streuungsprismen erzeugt und stellt eine Moglichkeit dar, die Seh-
schirfe von normalsichtigen Probanden kiinstlich zu verringern. Bei der Produktion dieser Folien kén-
nen unterschiedliche Triibungsgrade erreicht werden. Somit existieren Folien unterschiedlicher Stirken,
welche die Sehschirfe einer Versuchsperson mit einem urspriinglichen Visus von 1.0 auf einen angege-
benen Wert reduzieren. Beispielsweise wird von einer Folie mit der Bezeichnung 0.8 eine Sehschirfere-

duktion auf einen Visus von 0.8 erwartet. In Experiment 1 wurden Folien der Stirke 0.4 verwendet,
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welche am ehesten der altersbedingten Sehschirfereduktion entsprechen sollten (Lindenberger, Scherer,
& Baltes, 2001). Insgesamt durchliefen drei Gruppen das Experiment: 1) jingere Erwachsene (im Alter
von 18 - 30 Jahren) mit normaler Sehschirfe, 2) jingere Erwachsene (im Alter von 18 - 30 Jahren) mit
reduzierter Sehschirfe und 3) dltere Erwachsene (im Alter von 60 - 83 Jahren) mit normaler Sehschirfe.
Das Experiment entsprach hinsichtlich seines Ablaufes und seiner Materialien den tblichen Experi-
menten zum Lesen mit Distraktoren. Die Probanden sollten zwolf Texte von je 120 Woértern sowohl
moglichst zigig als auch moglichst fehlerfrei vorlesen. Die Texte wurden auf einem Computermonitor
prisentiert. Die Lesezeit des jeweiligen Textes wurde vom Versuchsleiter mit Hilfe der Computertasta-
tur gestoppt. Eine Hilfte der Texte wurde in der Kontrollbedingung prisentiert und enthielt Liicken
(Distraktorbedingung ,,Liicken®), die andere Hilfte der Texte wurde in der Experimentalbedingung
prasentiert und enthielt semantisch zu dem Zieltext assoziierte Distraktorworter (Distraktorbedingung
»Assoziierte Distraktoren®). Die Zuordnung der Texte zu den zwei Distraktorbedingungen erfolgte fiir
jede Versuchsperson zufillig. In jedem Text wurden fir fiinf Substantive zwei dhnliche Nomen (meis-
tens Synonyme) bestimmt, welche die urspriinglichen Substantive ersetzen konnten ohne dabei die Be-
deutung des Satzes zu verindern. Fir jede Versuchsperson wurde zufillig bestimmt, a) welche dieser
drei Alternativen als kursives Zielwort an der korrekten Position im Text erscheinen wiirde, b) welches
Wort in der Experimentalbedingung als aufrechtes Distraktorwort verwendet und an zehn zufillig aus-
gewihlten Positionen in den Zieltext eingestreut werden wiirde und c) welches Wort erst in einem spi-
teren Rekognitionstest als neues Wort prasentiert werden wiirde. Insgesamt enthielt ein Text in der Ex-
perimentalbedingung somit 50 Distraktorworter (5 verschiedene Distraktoren; jeweils zehn Mal in den
Text eingestreut). Nach jedem Text folgte ein Multiple-Forced-Choice Rekognitionstest, der an die Text-
verstindnistests der fritheren Studien angelehnt war. Hierbei wurden den Probanden das Zielwort, das
Distraktorwort und das neue Wort als Antwortalternativen prisentiert, wobei sie aus diesen Alternati-
ven das zuvor prasentierte Zielwort auswihlen sollten. Erfasst wurde die Anzahl korrekt ausgewihlter
Zielworter und die Anzahl filschlicherweise ausgewahlter Distraktorworter in der Experimentalbedin-

gung (Intrusionsfehler).
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Abbildung 1 stellt die Ergebnisse hinsichtlich der Lesezeiten grafisch dar. Das gingige Befundmus-
ter konnte repliziert werden: Altere Erwachsene mit normaler Sehschirfe waren stirker durch in den

Text eingestreute Distraktoren verlangsamt als jungere Erwachsene mit normaler Sehschirfe.
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Abbildung 1: Lesezeiten in Experiment 1. Linke Seite: Mittlere Lesezeiten flir einen gesamten Text als
Funktion von Distraktorbedingung und Gruppe. Rechte Seite: Mittlerer proportionaler Lesezeitanstieg
in der Distraktorbedingung Assoziierte Distraktoren relativ zu der Distraktorbedingung Liicken. Die

Fehlerbalken kennzeichnen die Standardfehler der Mittelwerte.

Uberdies zeigte sich, dass sensorische Defizite einen Finfluss auf die Ablenkbarkeit beim Lesen
mit Distraktoren haben koénnen, da die Verlangsamung in der Experimentalbedingung bei jlingeren
Erwachsenen mit reduzierter Sehschirfe stirker ausgepragt war als bei jingeren Erwachsenen mit

normaler Sehschirfe. Der fur die aktuelle Fragestellung bedeutsamste Aspekt ist jedoch, dass idltere Ex-
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wachsene auch im Vergleich zu jiingeren Erwachsenen mit reduzierter Sehschirfe einen stirkeren Lese-
zeitanstieg in der Experimentalbedingung zeigten, obwohl jungere Erwachsene nach der Visusredukti-
on sogar Uber eine geringere Sehschirfe verfiigten (der Median der Verteilung lag bei einem Visuswert
von 0.4) als iltere Erwachsene (der Median der Verteilung lag bei einem Visuswert von 0.6). Somit zeig-
te sich, dass altersbedingte sensorische Defizite keine ausschliefliche Erklirung fir den ausgeprigteren
Lesezeitanstieg alterer Erwachsener beim Lesen mit Distraktoren darstellen. Bei einer anschlieBenden
proportionalen Auswertung der Lesezeiten blieben die Gruppenunterschiede in der Lesezeitverlangsa-
mung durch assoziierte Distraktoren erhalten’. Daher stellt eine allgemeine kognitive Verlangsamung
um einen multiplikativen Faktor keine adiquate Erklirung fir die Gruppenunterschiede dar.

Tabelle 1 und Tabelle 2 fihren die Ergebnisse des Rekognitionstests auf. Weder hinsichtlich der
Anzahl korrekt ausgewihlter Zielworter (Tabelle 1) noch beziiglich der Anzahl von Intrusionsfehlern
(Tabelle 2) fanden sich Altersunterschiede in der Beeintrichtigung durch Distraktoren. Die Reduktion

der Sehschirfe hatte keinen Einfluss auf die Leistung der Probanden im Rekognitionstest.

Tabelle 1: Relative Hiaufigkeit korrekt ausgewihlter Zielworter als Funktion von Gruppe (Spalten) und Distraktorbedingung (Zeilen).

Die Zahlen in Klammern reprisentieren die Standardfehler der Mittelwerte.

Jung, Jung, Alt,
Normaler Visus Reduzierter Visus Normaler Visus
Licken .71 (. 01) .74 (. 01) .61 (.01)
Assoziierte Distraktoren .58 (.02 .59 (.02 .46 (.02)

Tabelle 2: Relative Haufigkeit von Fehlern in der Distraktorbedingung Assoziierte Distraktoren als Funktion von Gruppe (Spalten) und

Fehlertyp (Zeilen). Die Zahlen in Klammern reprisentieren die Standardfehler der Mittelwerte.

Jung, Jung, Alt,
Normaler Visus Reduzierter Visus Normaler Visus
Distraktoren .32 (.02 .32 (.02 .40 (. 02)

Neue Worter .10 (. 01) .09 (.01) .14 (. 01)
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Experiment 2

In Experiment 1 wurde der Visus von jungeren Erwachsenen drastisch reduziert, um die Ver-
gleichbarkeit zwischen der aktuellen Arbeit und der Studie von Lindenberger et al. (2001) zu gewihr-
leisten. Laut Lindenberger et al. wird eine Sehschirfe von 0.4 Gblicherweise in Stichproben von gesun-
den Senioren beobachtet. Wie sich jedoch zeigte, waren nicht alle dlteren Probanden gleichermal3en von
der altersbedingten Reduktion der Sehschirfe betroffen. Somit fithrt eine Sehscharfereduktion mit einer
einzigen Okklusionsfolienstirke nicht zu einer genauen Ubereinstimmung der Sehschirfe von jiingeren
und alteren Erwachsenen. In Experiment 2 wurde daher die Sehschirfe von sowohl jungeren als auch
ilteren Erwachsenen auf Visuswerte im Bereich zwischen 0.4 und 0.6 reduziert. Zu diesem Zweck
wurden nun in Abhingigkeit von der urspriinglichen Sehschirfe des jeweiligen Probanden Okklusions-
folien verschiedener Stirken verwendet, so dass jeder Proband nach der Sehschirfereduktion einen Vi-
suswert im Bereich zwischen 0.4 und 0.6 aufwies. Somit verfuigten éltere und jungere Erwachsene tiber
dieselben sensorischen Grundvorraussetzungen hinsichtlich der Sehschirfe. In Experiment 2 sollte -
berprift werden, ob die Altersunterschiede in der Interferenzanfalligkeit beim Lesen mit Distraktoren
unter diesen Umstinden bestehen bleiben.

Insgesamt durchliefen vier Gruppen das Experiment: 1) jingere Erwachsene (im Alter von 19 - 30
Jahren) mit normaler Sehschirfe, 2) dltere Erwachsene (im Alter von 62 - 85 Jahren) mit normaler Seh-
schirfe, 3) jungere Erwachsene (im Alter von 19 - 30 Jahren) mit reduzierter Sehschirfe und 4) altere
Erwachsene (im Alter von 60 - 81 Jahren) mit reduzierter Sehschirfe. Sowohl Aufbau als auch Ablauf
des Experiments waren identisch zu Experiment 1. Dariiber hinaus wurden noch eine Kontrollbedin-
gung mit durchgehendem Text (Distraktorbedingung ,,FlieBtext™) und eine Kontrollbedingung, in der
zufillig ausgewihlte Buchstabenfolgen als Distraktoren dienten (Distraktorbedingung ,,Zufallsbuchsta-
ben®) als zusitzliche Distraktorbedingungen aufgenommen. Mit dieser Modifikation sollte iberprift
werden, inwieweit bereits das Ignorieren von Folgen aus Zufallsbuchstaben oder das Lesen von unter-
brochenen Texten zu einer dhnlichen Erh6hung der Lesezeit fithren wie semantisch assoziierte Distrak-

torworter, oder ob die Interferenz tatsichlich auf lexikalisch-semantischer Ebene stattfindet. Jeweils
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tinf Texte wurden zufillig den insgesamt vier Bedingungen zugeordnet, so dass den Probanden insge-
samt zwanzig Texte prisentiert wurden. Um die Dauer der Testungen nicht wesentlich zu verlingern,
enthielten die Texte im Gegensatz zu Experiment 1 lediglich 60 Worter. Daher wurden auch nur fiir
drei Substantive des jeweiligen Textes dhnliche Nomen fiir die zufillige Selektion als Distraktoren oder
als Neue Worter bestimmt, so dass das Verhaltnis von Distraktoren und zu lesendem Text in Experi-
ment 1 und in Experiment 2 vergleichbar war. Jedes der drei als Distraktoren ausgewihlten Substantive
wurde in der Experimentalbedingung erneut an zehn zufillig bestimmten Positionen in den jeweiligen
Zieltext eingestreut.

Die grafische Darstellung der Lesezeiten fir die beiden Altersgruppen mit normaler Sehschirfe
findet sich in Abbildung 2, wihrend Abbildung 3 die Lesezeiten der beiden Altersgruppen mit reduzier-
ter Sehschirfe illustriert. Konsistent mit fritheren Befunden zeigten iltere Erwachsene eine stirkere
Verlangsamung durch Distraktoren als jiingere Erwachsene. Uberdies erhéhte die kiinstliche Reduktion
der Sehschirfe fiir beide Altersgruppen die Lesezeitverlangsamung in der Experimentalbedingung. Ins-
besondere ist fiir die gegenwirtige Fragestellung jedoch bedeutsam, dass die Altersunterschiede hin-
sichtlich des Lesezeitanstiegs durch assoziierte Distraktoren infolge der Visusreduktion weder eliminiert
noch verringert wurden. Altere Erwachsene zeigten stets einen ausgeprigteren Lesezeitanstieg als jiin-
gere Erwachsene - unabhingig davon, ob beide Altersgruppen iiber dieselben sensorischen Grundvo-

raussetzungen hinsichtlich der Sehschirfe verfiigten oder nicht.



Seite 21

M- Al
-O— Jung

125000 2.0

Gruppen mit Normalem Visus

100000+

75000+

Mittlere Lesezeit pro Text (ms)
Sonsuenozasa| IAneRY

50000+ —+0.8
25000 104
0 0
Flieft. Lick. Zuf. Ass. Lick. Zuf.  Ass.
Distrak. Distrak.

Distraktorbedingung

Abbildung 2: Lesezeiten der Gruppen mit normaler Sehschirfe in Experiment 2. Linke Seite: Mittlere
Lesezeiten fiir einen gesamten Text als Funktion von Distraktorbedingung und Gruppe. Rechte Seite:
Mittlerer proportionaler Lesezeitanstieg in den Distraktorbedingungen Liicken (Liick.), Zufallsbuchs-
taben (Zuf)) und Assoziierte Distraktoren (Ass. Distrak.) relativ zu der Distraktorbedingung FlieB3text
(FlieBt.). Die Fehlerbalken kennzeichnen die Standardfehler der Mittelwerte.

Konsistent zu Experiment 1 blieben bei einer zusatzlichen proportionalen Auswertung der Lese-
zeiten die Altersunterschiede in der Lesezeitverlangsamung durch assoziierte Distraktoren bestehen. In
den Kontrollbedingungen jedoch waren die Altersunterschiede bei den Gruppen mit kunstlicher Seh-
schirfereduktion nicht mehr vorhanden. Dies zeigt, dass die Interferenz beim Lesen mit Distraktoren
tatsachlich auf semantischer Ebene stattfindet und dass sowohl Liicken als auch Zufallsbuchstaben a-
diquate Kontrollbedingungen darstellen, sofern Altersunterschiede in der Sehschirfe kontrolliert wer-

den und eine allgemeine kognitive Verlangsamung bei der Auswertung berticksichtigt wird.
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Abbildung 3: Lesezeiten der Gruppen mit reduzierter Sehschirfe in Experiment 2. Linke Seite: Mittlere
Lesezeiten fiir einen gesamten Text als Funktion von Distraktorbedingung und Gruppe. Rechte Seite:
Mittlerer proportionaler Lesezeitanstieg in den Distraktorbedingungen Liicken (Liick.), Zufallsbuchs-
taben (Zuf)) und Assoziierte Distraktoren (Ass. Distrak.) relativ zu der Distraktorbedingung FlieB3text
(FlieBt.). Die Fehlerbalken kennzeichnen die Standardfehler der Mittelwerte.

Die Ergebnisse des Rekognitionstests sind in Tabelle 3 und Tabelle 4 aufgefithrt. Aquivalent zu
Experiment 1 fanden sich keine Altersunterschiede hinsichtlich der Anzahl korrekt ausgewahlter Ziel-
worter (Tabelle 3). Jedoch unterliefen alteren Erwachsenen in der Experimentalbedingung nun mehr
Intrusionsfehler als jiingeren Erwachsenen (Tabelle 4). Diese Diskrepanz konnte auf die etwas héhere
Teststirke in Experiment 2 im Vergleich zu Experiment 1 zurtickgefithrt werden. Da der Rekognitions-
test iber eine dhnlich geringe Reliabilitit wie in vorherigen Studien verfigte (mit Cronbach-Alpha-Ko-
effizienten von .40 bis .48 in den verschiedenen Distraktorbedingungen), ist anzunehmen, dass auf-

grund der durch die geringe Reliabilitit erh6hten Fehlervarianz eine héhere Teststirke notig ist, um ei-
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nen vorhandenen Effekt aufzudecken. Die Reduktion der Sehschirfe hatte dagegen abermals keinen

Einfluss auf die Leistung im Rekognitionstest.

Tabelle 3: Relative Hiufigkeit korrekt ausgewihlter Zielworter als Funktion von Gruppe (Spalten) und Distraktorbedingung (Zeilen).

Die Zahlen in Klammern reprisentieren die Standardfehler der Mittelwerte.

Jung, Jung, Alt, Alt,
Normaler Visus Reduzierter Visus Normaler Visus Reduzierter Visus
FlieBtext .82 (.02 .81 (.02 .67 (.02 .67 (.02
Liicken .78 (.02 .82 (.02 .70 (.02 .69 (.02
Zufallsbuchstaben .82 (0.2) .85 (.02 .71 (. 02) .71 (. 02)
Assoziierte Distraktoren .58 (. 02) .59 (102 .44 (0 02) .40 (. 02)

Tabelle 4: Relative Hiufigkeit von Fehlern in der Distraktorbedingung Assoziierte Distraktoren als Funktion von Gruppe (Spalten) und

Fehlertyp (Zeilen). Die Zahlen in Klammern reprisentieren die Standardfehler der Mittelwerte.

Jung, Jung, Al, Alt,
Normaler Visus Reduzierter Visus Normaler Visus Reduzierter Visus
Distraktoren .37 (.02 .37 (.02 .47 (002 .52 (.02
Neue Worter .05 (.01) .04 (.01) .09 (.01) .08 (.01)

Aufgrund der Ergebnisse von Experiment 1 und Experiment 2 ldsst sich feststellen, dass eine
verminderte Sehschirfe die Lesezeitverlangsamung durch Distraktoren erhoht. In Studien, in denen der
Visus der Probanden nicht erfasst wird und altere und jiingere Erwachsene sich daher in unbekanntem
Ausmal in ihrer Sehschirfe unterscheiden, wire es theoretisch also moglich, dass Altersunterschiede in
der Interferenzanfilligkeit iberschatzt werden. Daher sollte die Sehschirfe in kiinftigen Studien zum
Lesen mit Distraktoren dringend kontrolliert werden. Allerdings hatte die kinstliche Reduktion der
Sehschirfe keinen Einfluss auf das Auftreten der Altersunterschiede in der Interferenzanfilligkeit, die

somit auf altersbedingten Defiziten in héheren kognitiven Funktionen zu beruhen scheinen.
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Experiment 3

In Experiment 3 sollte tiberpriift werden, ob sich Altersunterschiede in der Interferenzanfilligkeit
auch in einer stirkeren Beeintrichtigung des Textverstindnisses von dlteren Erwachsenen zeigen, wenn
statt eines Rekognitionstests eine freie Reproduktionsaufgabe verwendet wird. Insgesamt nahmen 2
Gruppen an dem Experiment teil: 1) jingere Erwachsene (im Alter von 19 - 30 Jahren) und 2) iltere
Erwachsene (im Alter von 60 - 82 Jahren). Um ein Uberschitzen der Altersunterschiede in den kogniti-
ven Fihigkeiten zu vermeiden, wurde die Sehschirfe der jungeren Erwachsenen kiinstlich auf den Wert
eines zufillig zugeteilten dlteren Erwachsenen reduziert. Somit verfiigten jingere und iltere Erwachse-
ne im eigentlichen Experiment wie in Experiment 2 tiber dieselben sensorische Grundvoraussetzungen
hinsichtlich ihrer Sehschirfe, ohne dass der Visus der idlteren Erwachsenen kunstlich reduziert wurde.
Die verwendeten Materialien entsprachen denen aus Experiment 2. Allerdings wurden nun eine Kon-
trollbedingung (Distraktorbedingung ,.FlieStext) und zwei Experimentalbedingungen (Distraktorbe-
dingung ,,Nicht-Assoziierte Distraktoren® und Distraktorbedingung ,,Assoziierte Distraktoren®) ver-
wendet. Mit Hilfe dieser zusitzlichen Experimentalbedingung sollte tiberpriift werden, ob die in den
Distraktoren enthaltene Information in die mentale Reprisentation der Texte integriert wird. Den Pro-
banden wurden fiinfzehn der insgesamt zwanzig Texte prisentiert. Den verbleibenden finf Texten
wurden die nicht-assoziierten Distraktoren fiir die zusitzliche Experimentalbedingung entnommen. Die
Zuordnung der Texte zu den Bedingungen sowie die Zuordnung der Substantive zu der jeweiligen
Wortkategorie (Distraktorwort oder Zielwort) erfolgte wie in den ersten beiden Experimenten fiir jeden
Probanden zufillig. Die Substantive, die weder als Distraktorwort noch als Zielwort ausgewihlt worden
waren, dienten als Kontrollworter fiir die Intrusionsfehler. Anstelle des in Experiment 1 und Experi-
ment 2 verwendeten Rekognitionstests folgte nach jedem Text die freie Reproduktionsphase. Hier wur-
den die Probanden aufgefordert, den soeben gelesenen Text moglichst detailliert wieder zu geben. Aus-
gewertet wurde die Anzahl korrekt reproduzierter Propositionen. Die Wiedergabe eines Distraktorwor-
tes wurde als Intrusion von Distraktoren gewertet, die Wiedergabe eines Kontrollwortes als Intrusion

von Kontrollwortern.
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Abbildung 4 stellt die Ergebnisse hinsichtlich der Lesezeiten grafisch dar. Erneut zeigte sich das
klassische Befundmuster, dass dltere Erwachsene stirker durch in den Text eingestreute Distraktoren
verlangsamt waren als jingere Erwachsene. Zwischen beiden Experimentalbedingungen zeigte sich
kein Unterschied in der altersbezogenen Lesezeitverlangsamung. Interessanterweise existierte im ge-
genwirtigen Experiment tiberdies kein Altersunterschied in der Kontrollbedingung. Da die freie Re-
produktionsaufgabe statt der Erinnerung an oberflichliche Merkmale die mentale Reprisentation des
Textes erfasst (Srinivas & Roediger, 1990), deutet dieser Befund mdéglicherweise an, dass beide Alters-
gruppen vor diesem Hintergrund ihren Leseschwerpunkt auf den Aufbau einer mentalen Textreprasen-
tation legten. Von wesentlich gréBerer Bedeutung ist jedoch, dass aufgrund des Ausbleibens der Alters-
unterschiede in der Kontrollbedingung eine allgemeine kognitive Verlangsamung keine adiquate Erkla-
rung fur die Altersunterschiede in der Lesezeitverlangsamung in den Experimentalbedingungen darstel-
len kann. Dies wurde durch die anschlieBende Auswertung der proportionalen Lesezeiten bestitigt, bei

der die Altersunterschiede in der Ablenkbarkeit bestehen blieben.
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Abbildung 4: Lesezeiten in Experiment 3. Linke Seite: Mittlere Lesezeiten fiir einen gesamten Text als
Funktion von Distraktorbedingung und Gruppe. Rechte Seite: Mittlerer proportionaler Lesezeitanstieg
in den Distraktorbedingungen Nicht-Assoziierte Distraktoren (N.-Ass. Distrak.) und Assoziierte
Distraktoren (Ass. Distrak.) relativ zu der Distraktorbedingung FlieBtext (FlieBt.). Die Fehlerbalken

kennzeichnen die Standardfehler der Mittelwerte.

Die Ergebnisse der freien Reproduktion sind in Tabelle 5 und Tabelle 6 aufgefiihrt. Konsistent mit
den Vorhersagen der Inhibitionsdefizittheorie manifestierten sich bei Verwendung eines geeigneteren
Textverstindnistests mit einer hoheren Reliabilitit (mit Cronbach-Alpha-Koeffizienten von .71 bis .79
in den verschiedenen Distraktorbedingungen) Altersunterschiede in der Beeintrichtigung des Text-
verstindnisses durch Distraktoren. Die Anzahl reproduzierter Propositionen war bei dlteren Erwachse-
nen in beiden Experimentalbedingungen stark reduziert (Tabelle 5). Zudem unterliefen élteren Erwach-
senen in beiden Experimentalbedingungen mehr Intrusionen von Distraktoren als jiingeren Erwachse-

nen. Die Anzahl reproduzierter Kontrollworter unterschied sich zwischen beiden Altersgruppen jedoch
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nicht (Tabelle 6). Dieser Befund verdeutlicht, dass iltere Erwachsene nicht lediglich aufgrund eines
grofBeren Wortschatzes eine ausgeprigtere Tendenz zum Paraphrasieren aufweisen als jiingere Erwach-
sene und daher eher das Distraktorwort zur Beschreibung des Textinhaltes verwenden. Die Intrusionen
von nicht-assoziierten Distraktoren zeigen zudem, dass Distraktoren zumindest gelegentlich in die
mentale Reprisentation der Texte integriert werden und Intrusionsfehler somit nicht nur bei der Re-
konstruktion der Geschichte wihrend des Abrufs der mentalen Textreprisentation aus dem Gedichtnis

entstehen (siche Potter & Lombardi, 1990).

Tabelle 5: Relative Haufigkeit korrekt wiedergegebener Propositionen als Funktion von Gruppe (Spalten) und Distraktorbedingung (Zei-

len). Die Zahlen in Klammern reprisentieren die Standardfehler der Mittelwerte.

Jung Alt
FlieBtext .27 (. 01) .21 (.01)
Nicht-Assoziierte Distraktoren .31 (. 02) 17 (.02)
Assoziierte Distraktoren .26 (.02) .14 (. 02)

Tabelle 6: Anzahl von Intrusionen in den Distraktorbedingungen Assoziierte Distraktoren und Nicht-Assoziierte Distraktoren als Funk-

tion von Gruppe (Spalten) und Intrusionsart (Zeilen). Die Zahlen in Klammern reprisentieren die Standardfehler der Mittelwerte.

Jung Alt

Intrusionen in Distraktorbedingung Assoziierte Distraktoren

Assoziierte Distraktoren 4.36 (0.41) 6.09 (0.41)

Kontrollw6rter 0.60 (0.15) 0.64 (0.15)

Intrusionen in Distraktorbedingung Nicht-Assoziierte Distraktoren

Nicht-Assoziierte Distraktoren 0.47 (0.2) 1.42 (0.2)

Kontrollworter 0.16 (0.06) 0.10 (0.06)
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Experiment 4

Die Ergebnisse von Experiment 3 verdeutlichen, dass Altersunterschiede in der Beeintrichtigung
des Textverstindnisses dann gemessen werden konnen, wenn ein Textverstindnistest verwendet wird,
der zur Erfassung der mentalen Textreprisentation geeignet ist. Allerdings basiert die Schlussfolgerung,
dass dltere Erwachsene von Defiziten in der inhibitorischen Aufmerksamkeitskontrolle betroffen sind,
vor allem auf der Analyse der mittleren Lesezeiten fiir einen gesamten Text. Dieses Prozedere stellt je-
doch eine relativ indirekte und daher moglicherweise unprizise Messung der Interferenzkontrolle dar,
denn die Inhibitionsdefizittheorie erlaubt die Ableitung spezifischerer Hypothesen: a) Da iltere Er-
wachsene die Distraktoren offenbar in die mentale Reprisentation des Zieltextes integrieren, sollte das
Lesen der Zieltextworter bei édlteren Erwachsenen in den Experimentalbedingungen stirker verlangsamt
sein als bei jingeren Erwachsenen. b) Unter der Annahme, dass die Lesezeit eines Wortes die Intensitit
reflektiert, mit der es verarbeitet wird (Just, Carpenter, & Woolley, 1982), sollten altere Erwachsene vor
allem beim Lesen der Distraktorworter stirker verlangsamt sein als jingere Erwachsene. In Experiment
4 sollten diese praziseren Hypothesen mit Hilfe der Moving-Window-Methode (Soederberg Miller, Stine-
Morrow, Kirkorian, & Conroy, 2004; Stine-Morrow, Soederberg Miller, Gagne, & Hertzog, 2008) unter-
sucht werden. Es nahmen 2 Gruppen an dem Experiment teil: 1) jungere Erwachsene (im Alter von 18
- 30 Jahren) und 2) dltere Erwachsene (im Alter von 60 - 86 Jahren). Um die potentielle Erh6hung der
Ablenkbarkeit durch Einbuflen in der Sehschirfe zu verhindern, wurde der Visus der jingeren Erwach-
senen ebenso wie in Experiment 3 auf die Sehschirfe eines zufillig ausgewihlten édlteren Erwachsenen
reduziert. Die Materialien, Bedingungen und Ablaufe waren identisch zu Experiment 3. Nun wurden
die Texte jedoch Wort-fiir-Wort mit Hilfe der Moving-Window-Methode prasentiert. Der Proband lie3
sich mittels Tastendruck die einzelnen Worter nacheinander anzeigen. Wahrenddessen wurde die rdum-
liche Konfiguration des jeweiligen Textes durch die im Text vorhandenen Satzzeichen, Leerzeichen und
durch Bindestrichsequenzen angezeigt, deren Linge den im Text befindlichen Wértern entsprach. Mit
jedem Tastendruck des Probanden wurden die Buchstaben des soeben gelesenen Wortes erneut durch

Bindestriche ersetzt, und das nichste Wort erschien stattdessen auf dem Bildschirm. Wie bei der Ver-
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wendung der Moving-Window-Methode tublich, wurden die Probanden nun angeleitet, die Texte leise und
in einer Geschwindigkeit zu lesen, die ein Verstindnis der Texte ermdglicht. Wie in Experiment 3 folgte
auf jeden gelesenen Text eine freie Reproduktionsaufgabe.

Abbildung 5 illustriert die Ergebnisse der mittleren Lesezeiten fiir einen gesamten Text, Tabelle 7
fihrt die Lesezeiten fiir die einzelnen Wortkategorien auf. Hinsichtlich der Lesezeit fiir einen gesamten
Text zeigte sich erneut, dass dltere Erwachsene in den Experimentalbedingungen stirker verlangsamt

waren als jiingere Erwachsene (Abbildung 5).
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Abbildung 5: Lesezeiten in Experiment 4. Linke Seite: Mittlere Lesezeiten flir einen gesamten Text als
Funktion von Distraktorbedingung und Gruppe. Rechte Seite: Mittlerer proportionaler Lesezeitanstieg
in den Distraktorbedingungen Nicht-Assoziierte Distraktoren (N.-Ass. Distrak.) und Assoziierte
Distraktoren (Ass. Distrak.) relativ zu der Distraktorbedingung FlieStext (Flief3t.). Die Fehlerbalken

kennzeichnen die Standardfehler der Mittelwerte.
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In Bezug auf die Lesezeiten fiir die Zieltextworter zeigte sich allerdings, dass der Lesezeitanstieg in
den Experimentalbedingungen fiir iltere und fiir jingere Erwachsene identisch war (Tabelle 7). Die
separate Analyse der Lesezeiten fir die Distraktorworter verdeutlichte dartiber hinaus, dass éltere Er-
wachsene die Distraktoren zwar linger lesen, aber dass dieser Altersunterschied selbst in der Distrak-
torbedingung Assoziierte Distraktoren (271 ms; édltere Erwachsene lesen 36.4% langsamer als jingere
Erwachsene) kleiner ist als der Altersunterschied, der in der Kontrollbedingung fiir die Lesezeiten der
Zieltextworter vorliegt (417 ms; dltere Erwachsene lesen 50.9% langsamer als jiingere Erwachsene).
Somit scheint in Experiment 4 der altersbezogene Lesezeitanstieg in den Experimentalbedingungen
cher auf eine allgemeine kognitive Verlangsamung zuriickzufithren zu sein als auf ein spezielles Prob-
lem in der Interferenzkontrolle. Diese Annahme wird zusitzlich durch die Auswertung der proportio-
nalen Lesezeiten gestltzt (Abbildung 5), in der sich im Gegensatz zu den vorherigen drei Experimenten

keine Altersunterschiede in der Lesezeitverlangsamung zeigten.

Tabelle 7: Exrgebnisse der separaten Analyse der Lesezeiten fiir Zieltextworter und fiir Distraktorworter. Angegeben ist die mittlere Lesezeit
eines Wortes (in Millisekunden) als Funktion von Gruppe (Spalten), Wortkategorie (Zeilen) und Distraktorbedingung (Zeilen). Die Zahlen

in Klammern reprisentieren die Standardfehler der Mittelwerte.

Jung Alt
Zieltextworter
FlieBtext 818.6 (55.9) 1235.8 (58.3)
Nicht-Assoziierte Distraktoren 862.1 (60.0) 1299.0 (62.6)
Assoziierte Distraktoren 876.0 (57.3) 1281.8 (59.8)
Distraktorworter
Nicht-Assoziierte Distraktoren 716.9 (26.4) 962.5 (27.5)

Assoziierte Distraktoren 745.1 (32.4) 1016.5 (33.8)
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Tabelle 8 und Tabelle 9 fithren die Ergebnisse der freien Reproduktionsaufgabe auf. Die Anzahl
reproduzierter Propositionen war bei dlteren Erwachsenen in beiden Experimentalbedingungen im Ge-
gensatz zu Experiment 3 nicht reduziert (Tabelle 8). Konsistent zu Experiment 3 unterliefen ilteren
Erwachsenen hingegen erneut in beiden Experimentalbedingungen mehr Intrusionen von Distrakto-

ren, ohne dass Altersunterschiede in der Anzahl reproduzierter Kontrollworter auftraten (Tabelle 9).

Tabelle 8: Relative Haufigkeit korrekt wiedergegebener Propositionen als Funktion von Gruppe (Spalten) und Distraktorbedingung (Zei-

len). Die Zahlen in Klammern reprisentieren die Standardfehler der Mittelwerte.

Jung Alt
FlieBtext .35 (102 .26 (.02
Nicht-Assoziierte Distraktoren .36 (.02 .24 (.02
Assoziierte Distraktoren .37 (102 .23 (102

Tabelle 9: Anzahl von Intrusionen in den Distraktorbedingungen Assoziierte Distraktoren und Nicht-Assoziierte Distraktoren als Funk-

tion von Gruppe (Spalten) und Intrusionsart (Zeilen). Die Zahlen in Klammern reprisentieren die Standardfehler der Mittelwerte.

Jung Alt

Intrusionen in Distraktorbedingung Assoziierte Distraktoren

Assoziierte Distraktoren 2.84 (0.36) 4.91 (0.34)

Kontrollwérter 1.80 (0.17) 0.76 (0.16)

Intrusionen in Distraktorbedingung Nicht-Assoziierte Distraktoren

Nicht-Assoziierte Distraktoren 0.31 (0.15) 0.91 (0.15)

Kontrollwérter 0.14 (0.05) 0.04 (0.05)
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Allgemeine Diskussion

Die in der vorliegenden Arbeit geschilderten Einzelexperimente geben Aufschluss hinsichtlich der
Frage, ob die Altersunterschiede beim Lesen mit Distraktoren aus einem altersbedingten Inhibitionsde-
fizit resultieren. Entgegen der Vorhersagen der Inhibitionsdefizittheorie fanden sich zwar nicht in allen
experimentellen Manipulationen Altersunterschiede in der Ablenkbarkeit, so dass der umfassende Gel-
tungsanspruch der Inhibitionsdefizittheorie kritisch betrachtet werden muss. Dennoch sprechen die
Befunde vorliegender Arbeit mehrheitlich fiir eine ausgeprigtere Interferenzanfilligkeit im héheren Le-
bensalter, so dass die gegenwirtigen Befunde grundsitzlich konsistent sind mit der Annahme, dass al-
tersbedingte Probleme in speziellen Inhibitionsfunktionen existieren.

In den ersten beiden Experimenten sollte tiberpriift werden, ob die Altersunterschiede in der Ab-
lenkbarkeit beim Lesen mit Distraktoren ausschlieBlich auf altersbedingte sensorische Defizite zuriick-
zufiihren sind. Zwar zeigte sich, dass eine Reduktion der Sehschirfe bei beiden Altersgruppen zu einer
Erhéhung der Lesezeitverlangsamung in den Experimentalbedingungen fithrte. Allerdings ging aus den
Daten eindeutig hervor, dass altersbedingte sensorische Einbuflen alleine die Altersunterschiede in der
Interferenzanfilligkeit beim Lesen mit Distraktoren nicht erkliren kénnen. Weder konnte die Interfe-
renzanfilligkeit dlterer Erwachsener bei jungeren Erwachsenen durch eine kinstliche Reduktion der
Sehschirfe simuliert werden, noch wurden die Altersunterschiede in der Interferenzanfilligkeit aufge-
hoben oder auch nur verringert, wenn iltere und jiingere Erwachsene tber dieselben sensorischen
Grundvoraussetzungen hinsichtlich der Sehschirfe verfiigten. Dartiber hinaus zeigten sich in den tbri-
gen Experimenten ebenfalls Altersunterschiede in der Ablenkbarkeit, obwohl in diesen Experimenten
altersbedingte Unterschiede in der Sehschirfe gleichermal3en kontrolliert wurden. Eine mogliche Alter-
nativerklirung fiir die Befunde beim Lesen mit Distraktoren - dass die Altersunterschiede in der Inter-
ferenzanfilligkeit in diesem Paradigma ausschlieflich auf altersbedingte sensorische Defizite zuriickzu-
fihren sind (Burke & Osborne, 2007; Burke & Shafto, 2008) - kann somit aufgrund der Resultate der
votliegender Arbeit klar zurtiickgewiesen werden. Die aktuellen Ergebnisse liefern vielmehr deutliche

Belege dafiir, dass das Befundmuster beim Lesen mit Distraktoren auf altersbedingten Verinderungen
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in hoheren kognitiven Prozessen beruht. Dieses Ergebnis entspricht den Befunden der Arbeit von Lin-
denberger et al. (2001), in der gleichermallen kein direkter Einfluss einer kiinstlichen Sehschirfereduk-
tion auf die Altersunterschiede bei Leistungen in verschiedenen kognitiven Tests nachgewiesen werden
konnte. Dariiber hinaus zeigten sich Altersunterschiede in der Ablenkbarkeit beispielsweise auch in Pa-
radigmen wie dem Irrelevant-Sonnd-Effekt, in denen Zielreize und Distraktoren in verschiedenen Modali-
titen prisentiert werden und altersbedingte sensorische Defizite aufgrund der guten perzeptuellen Un-
terscheidbarkeit von aufgabenrelevanten und aufgabenirrelevanten Reizen schwerlich fiir die gefunde-
nen Altersunterschiede verantwortlich sein kénnen (Bell, Buchner, & Mund, 2008). Die Befunde der
vorliegenden Arbeit schlieBen altersbedingte sensorische Defizite nun jedoch auch als Alternativerkla-
rung fiir das Datenmuster einer Aufgabe aus, die im Gegensatz zu oben aufgefiihrten Befunden insbe-
sondere die Differenzierung von subtilen perzeptuellen Unterschieden im Schriftbild erfordert. Den-
noch erhohte eine kiinstliche Reduktion der Sehschirfe beim Lesen mit Distraktoren die Ablenkbarkeit
der Probanden. Somit lassen die Befunde der vorliegenden Arbeit erkennen, dass altersbedingte Verin-
derungen von sensorischen Fihigkeiten in Studien zu Altersunterschieden in kognitiven Leistungen
stets sorgfiltig kontrolliert werden sollten, um potentielle Uberschitzungen der Altersunterschiede in
den kognitiven Fahigkeiten ausschlieBen zu kénnen.

Doch die Vernachlissigung von altersbedingten sensorischen Defiziten stellte nicht den einzigen
zu kritisierenden methodischen Aspekt der vorherigen Studien zum Lesen mit Distraktoren dar. So
wurde bislang ein Textverstindnistest verwendet, der eher die Erinnerung an oberflichliche Merkmale
cines Textes erfasst als die mentale Textreprasentation und der tber eine geringe Reliabilitit verfiigt.
Die insgesamt uneinheitliche Befundlage hinsichtlich der Beeintrichtigung des Textverstindnisses
durch Distraktoren schien prinzipiell jedoch auch mit der Annahme vereinbar, dass keine altersbezoge-
nen Einbuflen in der inhibitorischen Aufmerksamkeitskontrolle existieren (Burke, 1997; Burke & Os-
borne, 2007) und die uneinheitliche Befundlage stattdessen aus dem Zusammenspiel von Alpha-Fehler
und Publikationsbias in Richtung Ver6ffentlichung von (statistisch) ,,signifikanten® Ergebnissen resul-
tiert. Tatsdchlich signalisieren die Befunde des dritten Experiments jedoch, dass die fritheren Inkonsis-

tenzen auf den ungilinstigen psychometrischen Eigenschaften des Testverfahrens zu beruhen scheinen.
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Bei Verwendung einer freien Reproduktionsaufgabe statt eines Rekognitionstests zeigten sich durchaus
zahlreiche Hinweise fir distraktorinduzierte Interferenzen im Gedachtnis, die bei ilteren Erwachsenen
stirker ausgeprigt waren als bei jingeren Erwachsenen. So reproduzierten dltere Erwachsene im Ge-
gensatz zu jungeren Erwachsenen in den Experimentalbedingungen deutlich weniger Propositionen.
Dartiber hinaus unterliefen dlteren Erwachsenen mehr Intrusionsfehler. Diese Befunde stiitzen die An-
nahme eines altersbedingten Inhibitionsdefizits.

Dariiber hinaus konnten tiber alle Experimente hinweg zahlreiche Altersunterschiede in der Inter-
ferenzanfilligkeit in verschiedenen abhingigen Variablen aufgezeigt werden. Bei ausreichender Test-
stirke und bei Verwendung eines geeigneteren Textverstindnistest zeigten sich beispielsweise Altersun-
terschiede in der Anzahl von Intrusionsfehlern in insgesamt drei Experimenten. Sicherlich kénnten In-
trusionsfehler ebenso aus Defiziten im Quellengedichtnis wie aus einem Inhibitionsdefizit resultieren
(Bell et al., 2008; Dywan & Murphy, 1990). In weiteren Arbeiten sollte daher die Bedeutung von alters-
bedingten Defiziten im Quellengedichtnis (sieche Johnson et al., 1993) fir das Entstehen von Intrusi-
onsfehlern beim Lesen mit Distraktoren konkretisiert werden, beispielsweise indem die Erinnerung an
das Schriftbild des jeweiligen Wortes (aufrecht oder kursiv) mit einem zusitzlichen Quellengedichtnis-
test erfasst wird. Neben Intrusionsfehlern zeigten dltere Erwachsene allerdings auch eine tiberproporti-
onale Lesezeitverlangsamung in den Experimentalbedingungen der ersten drei Experimente. Insgesamt
sprechen die Ergebnisse vorliegender Arbeit also fiir eine intensivere Verarbeitung von aufgabenirrele-
vanter Information und somit fiir ein Nachlassen der inhibitorischen Aufmerksamkeitskontrolle im ho-
heren Lebensalter.

Die Uberpriifung konkreterer Hypothesen der Inhibitionsdefizittheorie erforderte jedoch weitere
methodische Verinderungen wie die Wort-fiir-Wort Prisentation der Texte sowie die Instruktion, leise
und in einer Geschwindigkeit zu lesen, die ein Verstindnis der Texte ermdglicht. Bei diesen Modifikati-
onen zeigten sich keine Evidenzen fiir Altersunterschiede in der Ablenkbarkeit bei der unmittelbaren
Verarbeitung der Texte. So fanden sich in den Experimentalbedingungen des vierten Experiments we-
der eine Uberproportionale Verlangsamung ilterer Erwachsener, noch wurde der Aufbau einer mentalen

Textreprasentation bei alteren Erwachsenen durch die Distraktoren beeintrachtigt. Diese Befunde ste-
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hen im klaren Widerspruch zu den eindeutigen Vorhersagen der Inhibitionsdefizittheorie und zu den
Ergebnissen der ersten drei Experimente. Da im vierten Experiment mehrere Aspekte simultan an dem
Paradigma modifiziert wurden, ist es schwierig, einen einzelnen methodischen Gesichtspunkt als Ursa-
che fur die Diskrepanz zu den ersten drei Experimenten zu identifizieren. Dennoch ist interessant, dass
die Probanden sowohl im vierten Experiment als auch in anderen Studien, die keine Altersunterschiede
in der Interferenzanfilligkeit beim Lesen mit Distraktoren fanden (Kemper & McDowd, 2006; Kemper
et al., 2008), die Texte leise lesen sollten. Dartiber hinaus zeigte sich in Studien, in denen die Probanden
die Texte laut vorlesen sollten, dass altere Erwachsene die Distraktoren 6fter vorlesen als jiingere Er-
wachsene (Connelly et al., 1991; Dywan & Murphy, 1996). Somit bestehen méglicherweise altersbeding-
te Probleme in der Unterdriickung des Vorlesens der Distraktoren, die dann zu Beeintrichtigungen bei
der unmittelbaren Textverarbeitung fithren. Die systematische Untersuchung des Einflusses von
Schwierigkeiten in der Unterdriickung der Sprachproduktion auf das Auftreten von Altersunterschie-
den beim Lesen mit Distraktoren stellt somit einen interessanten Ansatzpunkt fiir weiterfithrende em-
pirische Arbeiten dar. Unabhingig von der tatsichlichen Ursache fiir das Ausbleiben der Altersunter-
schiede in der Interferenzanfilligkeit verdeutlicht das vierte Experiment jedoch, dass das Auftreten die-
ser Altersunterschiede wihrend der unmittelbaren Textverarbeitung beim Lesen mit Distraktoren von
der konkreten Umsetzung des Paradigmas abhingt. Dieser Sachverhalt ist konsistent mit der Annahme,
dass altersbedingte Defizite in spezifischen Inhibitionsfunktionen existieren, dltere Erwachsene jedoch
nicht generell eine stirkere Interferenzanfilligkeit aufweisen (Kramer, Humphrey, Larish, & Logan,
1994). Zusitzliche Unterstiitzung erfahrt diese Annahme durch die bereits erorterten Inkonsistenzen in
Befunden aus anderen zur Uberpriifung der Inhibitionsdefizittheorie herangezogenen Paradigmen wie
dem Negative-Priming-Eftekt (Buchner & Mayr, 2004; Connelly & Hasher, 1993; Kramer & Strayer, 2001)
oder dem S#rogp-Effekt (Verhaeghen & De Meersman, 1998). Dartiber hinaus zeigte sich beispielsweise
auch bei dem Irrelevant-Sound-Eftekt, dass das von der Inhibitionsdefizittheorie prognostizierte Entste-
hen von Altersunterschieden in der Grof3e des Effektes von der Art des verwendeten Stimulusmaterials
und somit auch von der konkreten Umsetzung des Paradigmas abhingt (Bell et al., 2008). Insofern er-

ginzen die Ergebnisse der vorliegenden Arbeit das Befundmuster in der Literatur zur Interferenzanfal-
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ligkeit im hoheren Lebensalter, demzufolge einige Inhibitionsfunktionen im héheren Lebensalter wei-
terhin erhalten zu sein scheinen (Bell & Buchner, 2007; Van Gerven, Meijer, Vermeeren, Vuurman, &
Jolles, 2007) wihrend andere Inhibitionsfunktionen Defizite aufweisen (Bell et al., 2008; Titz & Ver-
haeghen, 2010). Angesichts des derzeitigen Forschungsstandes scheint daher die Erarbeitung spezifi-
scherer Theorien notwendig, die Aussagen dariiber treffen, welche Inhibitionsfunktionen unter welchen
Umstinden mit zunehmendem Alter ineffizienter arbeiten. Allerdings ist fraglich, inwieweit solche spe-
zifischen Defizite der inhibitorischen Aufmerksamkeitskontrolle noch einen Grof3teil der altersbeding-
ten kognitiven Leistungseinbuflen erkliren konnen. Dem umfassenden Geltungsanspruch einer globa-
len Theorie des kognitiven Alterns kann die Inhibitionsdefizittheorie daher nur schwerlich gerecht wer-
den.

Zusammenfassend lésst sich aufgrund der Befunde vorliegender Arbeit feststellen, dass sich zahl-
reiche Evidenzen fiir eine erhohte Interferenzanfilligkeit dlterer Erwachsener beim Lesen mit Distrak-
toren fanden. Zunichst erwies sich die vorgebrachte Alternativerklidrung, dass eine reduzierte Sehschir-
fe im hoheren Lebensalter fiir das Entstehen der Altersunterschiede beim Lesen mit Distraktoren ver-
antwortlich ist, als empirisch nicht haltbar. Eine kiinstliche Reduktion der Sehschitfe fithrte zwar zu
einer Erhohung der alterskorrelierten Lesezeitverlangsamung in den Experimentalbedingungen, alters-
bedingte sensorische Einbuflen konnten die gefundenen Altersunterschiede in der Interferenzanfallig-
keit jedoch nicht erkliren. Des weiteren zeigten sich unter Verwendung eines geeigneteren Testverfah-
rens ausgepragte Altersunterschiede in der Beeintrachtigung des Textverstindnisses durch Distraktoren.
Somit scheint die inkonsistente Befundlage hinsichtlich der Ergebnisse des bislang verwendeten Re-
kognitionstests aus den ungiinstigen psychometrischen Eigenschaften dieses Testverfahrens zu resultie-
ren. Allerdings finden sich Altersunterschiede in der Interferenzanfilligkeit nicht immer. Thr Auftreten
ist vielmehr abhingig von der konkreten Umsetzung des experimentellen Paradigmas. Diese Tatsache
verdeutlicht die Notwendigkeit der Erarbeitung spezifischerer Theorien zur Klirung der Frage, unter
welchen Bedingungen und fir welche Anforderungen einem altersbedingtem Inhibitionsdefizit eine

zentrale Rolle fur das Entstehen altersbezogener kognitiver Einbulen zukommt.



Seite 37

Endnoten

! Auch die Ergebnisse der ersten beiden Experimente dieser Arbeit (Mund, Bell, & Buchner, in press)
werden in Tabelle 1 in Artikel 2 aufgefithrt. Da die Beschreibung der Ergebnisse von Experiment 1 und
Experiment 2 in dieser Zusammenfassung jedoch erst spiter erfolgt, werden sie an dieser Stelle noch

nicht zu den vorherigen Studien gezihlt.

2 Duchek et al. (1998) berichten ebenfalls eine proportionale Auswertung der Lesezeiten, in der die Al-
tersunterschiede in der Lesezeitverlangsamung sogar bestehen bleiben. Allerdings flossen in diese Ana-
lyse die Ergebnisse von Alzheimer-Patienten zusammen mit den Ergebnissen von gesunden ilteren
Erwachsenen ein, so dass nicht auszuschlieen ist, dass die dort aufgezeigte tiberproportionale Verlang-

samung alterer Erwachsener auf pathologischen kognitiven Verinderungen beruht.

3 Der mittlere proportionale Lesezeitanstieg wurde berechnet, indem die Differenz zwischen der mittle-
ren Lesezeit in der Distraktorbedingung Assoziierte Distraktoren zu der mittleren Lesezeit in der
Distraktorbedingung Liicken an der mittleren Lesezeit in der Distraktorbedingung Liicken relativiert

Wurde: LZAssoziierteDistraktoren - LZ

Lz

tiken Nach diesem Prinzip erfolgte auch in den tbrigen Experimenten die

Liicken

Berechnung des proportionalen Lesezeitanstiegs mit den jeweils verwendeten Distraktorbedingungen.
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Age Differences in Reading With Distraction:
Sensory or Inhibitory Deficits?
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Two experiments examined how sensory acuity affects age differences in susceptibility to interference in the
reading-with-distraction task. In both experiments, older and younger adults read texts in an italic font and
were required to ignore distractor words in an upright font. Experiment 1 examined whether the age-related
increase in distractibility can be simulated in younger adults by reducing their visual acuity. Experiment 2
investigated whether the age differences in distractibility disappear if visual acuity is equated across all
participants in both age groups. Both experiments showed that an impairment in visual acuity leads to
increased interference in the reading-with-distraction task. However, older adults were much more impaired
by the distractor material than younger adults with reduced visual acuity (Experiment 1). The age differences
in the reading-with-distraction task persisted when visual acuity was equated between older and younger
adults (Experiment 2). We conclude that the age-related increase in susceptibility to interference in the
reading-with-distraction task is not solely due to perceptual deficits of older adults but arises from a deficit in
higher cognitive processes such as inhibitory attention. Nevertheless, sensory acuity has to be taken into
account as a potential confounding factor in perceptually demanding visual attention tasks.

Keywords: perceptual deficit hypothesis, sensory deficit hypothesis, inhibitory deficit theory, selective

attention, cognitive aging

With increasing age, cognitive performance decreases. Evidence
for an age-related decline in many cognitive functions such as atten-
tion, memory, speech production, and comprehension can easily be
found (Light, 2000; McDaniel, Einstein, & Jacoby, 2008; Zacks,
Hasher, & Li, 2000). One of the most important theoretical accounts
of the cognitive aging phenomenon is the inhibition deficit theory
(Hasher & Zacks, 1988). This theory attributes the age-related decline
in cognitive functioning to a deficit in inhibitory attention. According
to inhibition deficit theory, this deficit has pronounced effects on
cognitive performance because inhibitory attention is essential for
efficient information processing. More precisely, it has been proposed
(Hasher, Zacks, & May, 1999) that inhibitory control is necessary (a)
to prevent irrelevant stimuli from entering working memory where
they would disrupt processing of relevant information (access func-
tion); (b) to delete no longer relevant information from working
memory (deletion function); and (c) to control dominant but inade-
quate response tendencies (restraint function).

The present study deals with age differences in the access function
of inhibitory control. With a deficit in this function, processing of
irrelevant extraneous information cannot be avoided. This processing
of irrelevant material interferes with the processing of relevant infor-
mation. As a consequence, cognitive performance declines. Consis-
tent with the assumption of an age-related deficit in the access func-
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tion, a large amount of evidence suggests that older adults are more
susceptible to external distraction than younger adults. For instance,
older adults are more impaired by meaningful irrelevant background
speech when engaged in demanding working memory tasks (Bell,
Buchner, & Mund, 2008; Meijer, de Groot, Van Boxtel, Van Gerven, &
Jolles, 2006; Tun, O’Kane, & Wingfield, 2002; Tun & Wingfield, 1999).

One of the most important empirical findings that support the
hypothesis of an age-related deficit in the access function of inhibitory
control is that older adults are more impaired by distractor words
when reading. This finding is frequently cited in cognitive psychology
handbooks and textbooks (Hasher, Lustig, & Zacks, 2007; Lustig &
Hasher, 2001; Lustig, Hasher, & Zacks, 2007; Zacks & Hasher, 1994;
Zacks et al., 2000). The reading-with-distraction task was introduced
by Connelly, Hasher, and Zacks (1991). In the original version of this
task, participants were required to read aloud short texts. In the
distractor words condition, to-be-ignored words in a distinct font style
(upright font) were interspersed among the to-be-read text (displayed
in an italic font). Connelly et al. (1991) found that the increase in
reading time in the distractor words condition relative to the control
condition was larger for older adults than for younger adults. These
age differences in distractibility were most pronounced when the
distractor words were semantically related to the target text. In a
subsequent multiple-choice text comprehension test, participants were
required to identify previously read target words among new and
previously ignored distractor words. Consistent with inhibition deficit
theory, older adults made more intrusion errors (i.e., chose the previ-
ously to-be-ignored distractor word instead of the target word more
often) than younger adults. Age differences in the susceptibility to
interference in the reading-with-distraction paradigm have been rep-
licated in several subsequent experiments (Carlson, Hasher, Connelly,
& Zacks, 1995; Darowski, Helder, Zacks, Hasher, & Hambrick, 2008;
Duchek, Balota, & Thessing, 1998; Dywan & Murphy, 1996; Kim,
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Hasher, & Zacks, 2007; Li, Hasher, Jonas, Rahhal, & May, 1998).
These results are commonly taken as evidence for a decline in inhib-
itory efficiency in old age.

However, there might be an alternative explanation for the age
differences in the reading-with-distraction task that was neglected in
all aforementioned studies. The reading-with-distraction task requires
discrimination of subtle perceptual differences between target and
distractor font styles. It is plausible that interference in this task
increases when target words in an italic font and distractor words in an
upright font cannot be discriminated at a perceptual level. Therefore,
age differences in the reading-with-distraction task may be caused by
a sensory deficit rather than by a deficit in inhibitory attentional
control. It is well documented that normal aging is accompanied by a
number of changes in the visual system that decrease visual acuity
(Fozard, 1990; Schieber, 1992). For instance, aging of the visual
system is associated with irregularity of the cornea’s surface, opacity
of the lenses, senile miosis, thinning of the retinal pigment epithelium,
loss of receptor cells, atrophy of retinal ganglion cells, and loss of
neurons in the visual cortex. It is important to note that these age-
related changes in the visual system cannot be easily compensated by
corrective lenses. Thus, a pronounced decrement in the functioning of
the visual system can be expected even in samples of older adults with
normal cognitive functioning (Schneider & Pichora-Fuller, 2000).

There is ample research showing that sensory and cognitive abili-
ties are correlated (e.g., Clay et al., 2009; Gilmore, Spinks, & Thomas,
2006; Lindenberger, Scherer, & Baltes, 2001). These correlations do
not necessarily imply that sensory impairment directly impairs per-
formance in cognitive tests. For instance, both sensory and cognitive
deficits may be attributed to common causes, such as age-related
biological changes in the brain or health factors, and there is consid-
erable evidence for such indirect links between sensory and cognitive
capabilities (e.g., Lindenberger et al., 2001). Nevertheless, a number
of researchers argue that impairments in sensory capabilities have
direct effects on performance in cognitive tests (e.g., Anstey, Butter-
worth, Borzycki, & Andrews, 2006; Glass, 2007; Gussekloo, de
Craen, Oduber, van Boxtel, & Westendorp, 2005; Valentijn et al.,
2005). Most plausibly, sensory impairment may only exert a strong
influence on performance in tests that place high demands on sensory
processing, such as perceptually demanding selective attention tasks
(Schneider & Pichora-Fuller, 2000; Scialfa, 2002). In studies exam-
ining auditory selective attention, age differences in auditory distrac-
tion disappear when age differences in hearing are controlled for by
adjusting the signal-to-noise ratio to the individual hearing threshold
(Murphy, Craik, Li, & Schneider, 2000; Murphy, McDowd, & Wil-
cox, 1999; Schneider, Daneman, Murphy, & See, 2000; Schneider,
Daneman, & Pichora-Fuller, 2002).

Schneider and Pichora Fuller (2000) argued that the failure to take
age differences in sensory acuity into account may be a problem of
studies examining age differences in visual selective-attention tasks.
In contrast to studies examining age differences in auditory distrac-
tion, studies that have examined age differences in visual attention
commonly ignore the problem of age differences in visual acuity
possibly amplifying interference effects. The studies using the
reading-with-distraction task referred to above are a good example.
Given that (a) performance in the reading-with-distraction task most
plausibly depends on successful perceptual discrimination of subtly
different target and distractor words, and (b) poor visual acuity is
prevalent among older adults, one might expect that visual acuity was
carefully controlled in studies examining age differences in inhibitory

functioning using the reading-with-distraction task. However, none of
the published studies we know of (Carlson et al., 1995; Connelly et
al., 1991; Darowski et al., 2008; Duchek et al., 1998; Dywan &
Murphy, 1996; Feyereisen & Charlot, 2008; Kemper & McDowd,
2006; Kemper, McDowd, Metcalf, & Liu, 2008; Kim et al., 2007; Li
et al., 1998; Phillips & Lesperance, 2003) even reported visual acuity
for the older and younger samples.

Thus, it is conceivable that visual acuity has a direct influence
on age differences in the reading-with-distraction task. Older
adults may, at least occasionally, fail to see the difference between
italicized target words and upright distractor words and may there-
fore process the to-be-ignored distractor words with a higher
probability than younger adults. This explanation is consistent with
several findings showing that the age differences in the reading-
with-distraction task decrease when target and distractor words are
perceptually more distinct and can therefore be distinguished more
easily, even with reduced visual acuity. For instance, several
studies have found no age differences in distractibility when target
and distractor words were written in a distinct font color, as a result
of which target—distractor discrimination may have been greatly
facilitated even with reduced visual acuity (Kemper & McDowd,
2006; Phillips & Lesperance, 2003). Furthermore, when distractor
words are presented in predictable locations, age differences in
distractibility are severely reduced (Li et al., 1998) or even disap-
pear completely (Carlson et al., 1995). These results have been
interpreted within the inhibitory deficit theory. It has been sug-
gested that inhibition of locations may be preserved in old age.
However, an alternative interpretation of these results would be
that age differences are reduced or eliminated because target and
distractor words that are presented in different locations can be
distinguished more easily at a perceptual level, even with reduced
visual acuity. Thus, almost all age differences in the reading-with-
distraction task could be attributed either to age differences in
inhibitory control or to age differences in visual acuity. Given this,
it may be not too surprising that it has been suggested several times
that an age-related deficit in inhibitory control does not in fact
exist and that the age differences in the reading-with-distraction
task can be solely attributed to sensory decline (Bell & Buchner,
2007; Bell et al., 2008; Burke & Osborne, 2007; Burke & Shafto,
2008). We henceforth refer to this hypothesis as the sensory-deficit
hypothesis.! Consistent with the sensory-deficit hypothesis, Gra-

! At first glance, the sensory-deficit hypothesis might seem inconsistent
with the findings of Kemper and McDowd (2006), who used eye tracking
technology to examine age differences in a modified reading-with-distraction
task and found no age differences in the probability of fixating distractors.
However, this null finding cannot rule out the sensory-deficit hypothesis,
because Kemper and McDowd used a modified reading-with-distraction par-
adigm (e.g., participants read only single sentences, which may have drasti-
cally reduced the task’s sensitivity to age differences) in which there was no
evidence for age differences in interference at all. With no evidence of
age-related interference at a performance level, there is also no reason why the
probability of distractor fixations should have differed between age groups. An
additional problem with this study is that the hypothesis that older adults
should fixate distractors more often than younger adults can be derived equally
well from the inhibitory-deficit hypothesis and from the sensory-deficit hy-
pothesis. Therefore, no conclusions can be drawn from these findings about
whether the age differences in the classical version of the reading-with-
distraction task can be attributed to sensory decline.
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ham, Osborne, and Burke (2007) reported a significant correlation
between visual acuity and distractibility in the reading-with-
distraction task. Note, however, that a significant correlation be-
tween visual acuity and distractibility could be due to indirect links
between sensory and cognitive capabilities. Thus, to examine
whether visual functioning has a direct effect on interference in the
reading-with-distraction task, it is necessary to manipulate visual
acuity experimentally.

In Experiment 1 we examined whether age effects in the
reading-with-distraction task can be simulated in younger adults
by reducing their visual acuity to that of older adults. To simulate
the age-related decline of visual acuity, we used glasses with
partial occlusion filters that are commonly used in strabismus
monocularis and amblyopia treatment to selectively reduce visual
acuity of the better seeing eye (Haase & Grif, 2003). These partial
occlusion filters reduce visual acuity by light scattering. Linden-
berger et al. (2001) used this method to examine direct influences
of sensory acuity on cognitive functioning. In their study, younger
adults with reduced visual acuity and younger control participants
completed a cognitive test battery designed to assess working
memory, perceptual speed, reasoning, episodic memory, verbal
knowledge, and verbal fluency. Visual acuity had no direct effect
on any of these functions. Lindenberger et al. concluded that the
link between sensory and cognitive decline is most plausibly due
to a common biological process that may affect both sensory and
cognitive capabilities. However, even though this may be true for
the tasks that were used by Lindenberger et al., it is unclear
whether visual acuity directly affects distractibility in perceptually
demanding visual selective-attention paradigms, such as the
reading-with-distraction task (Scialfa, 2002).

To summarize, the sensory-deficit hypothesis (Burke &
Osborne, 2007) implies that age differences in the reading-with-
distraction task are solely due to a sensory deficit that leads to poor
perceptual discrimination between target and distractor words.
Therefore, this hypothesis leads to the prediction that age-related
deficits in the reading-with-distraction task can be simulated by
artificially reducing visual acuity of younger adults. The
inhibitory-deficit hypothesis (Hasher et al., 2007), in contrast,
implies that age differences in the reading-with-distraction task are
solely due to insufficient inhibitory control over the contents of
working memory. According to this view, perceptual deficits do
not play a role in amplifying age differences in distractibility.
Therefore, this hypothesis leads to the prediction that visual acuity
reduction does not affect distractibility in the reading-with-
distraction task.

Experiment 1

Method

Participants. Participants were 50 community-dwelling older
adults and 92 younger adults. Two participants (one older and one
younger adult) were excluded on the basis of the results of a
dementia screening test. The remaining 49 older adults (34
women) ranged in age from 60 to 83 years (M = 68.10, SD =
5.75). The remaining 91 younger adults (67 women) ranged in age
from 19 to 30 years (M = 22.88, SD = 3.35). The latter were
randomly assigned to two groups (the visual acuity reduction
group and the control group; see below). All participants were

native German speakers. Younger adults had more years of edu-
cation than older adults, F(1, 138) = 25.20, p < .01, 1]2 = .15.
However, older adults performed better on a vocabulary test
(Lehrl, 1989) than younger adults, (1, 138) = 7.95, p < .01, n2 =
.05. The scores in the dementia screening test (DemTect; Kalbe et
al., 2004) did not differ between age groups, F(1, 138) = 1.06, p =
.31, m* = .0l. Participants with a diagnosis of mild cognitive
impairment in the dementia screening, those with a history of heart
attack, stroke, brain trauma, alcoholism, Parkinson’s disease, or
pulmonary emphysema, and those who had taken medication that
could influence their cognitive functioning were excluded from the
study. Older and younger adults did not differ with respect to their
self-assessed overall contentment with life, Xz( 1, N =140) = 0.43,
p = 5L

Sensory acuity manipulation. To simulate the age-related de-
cline of visual acuity, we required participants in the younger,
visual acuity reduction group to wear glasses with thin, self-
adhesive partial occlusion filters (Ryser Optik, St. Gallen, Swit-
zerland). There are several types of partial occlusion filters that
reduce visual acuity to different degrees. These filters are labeled
according to the degree of visual acuity that will result if they are
used by an individual with normal or corrected-to-normal visual
acuity of 1.0. As in Lindenberger et al.’s (2001) study, partial
occlusion filters labeled 0.4 were used in the present study. This
means that these filters are expected to reduce visual acuity to
values around 0.4 Snellen decimals (Bach, 2007). According to
Lindenberger et al., this level of visual acuity most likely corre-
sponds to the age-related sensory decline that is to be expected in
a sample of elderly people. Besides, a further advantage of using
partial occlusion filters labeled 0.4 is that Lindenberger et al. have
shown that this degree of acuity reduction does not result in
impairments of higher cognitive functions (including perceptual
speed, memory, reasoning and knowledge). Thus, if performance
in the reading-with-distraction task would be modulated by the
visual acuity reduction, these effects would most likely not be
mediated by a depletion of attentional resources but would rather
be due to direct sensory effects on the reading-with-distraction
task.

Materials. Visual acuity was tested using a Snellen chart
(UNI EN ISO 8596/7). The DemTect was applied as a cognitive
screening test to detect dementia or mild cognitive impairment
(Kalbe et al., 2004). Crystallized intelligence was assessed using
the Mehrfachwahl-Wortschatz-Intelligenztest (Multiple-Choice
Vocabulary Test; Lehrl, 1989).

During the experiment, participants were seated in front of a
20-in. (50.8-cm) computer monitor. Head position was stabilized
with a chin rest and a forehead rest at a viewing distance of 40 cm.
Thirteen dictation texts were selected from school books used in
seventh or eighth grade. On average, the texts consisted of nine
sentences (SD = 2) and 120 words (SD = 2). As in previous
studies (Connelly et al., 1991; Kim et al., 2007), the to-be-read
texts were presented in 15-point black italic Courier font on a
white background. At the viewing distance of 40 cm, each char-
acter subtended about 0.29° vertically and 0.21° horizontally.

For five nouns of each text, two similar nouns were selected that
could replace these nouns without changing the meaning of the text.
One of these three alternatives was randomly selected to be used as an
italicized target word that appeared at the correct position in the text.
The other two alternatives were randomly selected to serve as the
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distractor word (in the distractor words condition) or as a new foil in
the multiple-choice recognition test that followed each reading phase
(see the Procedures section, below).

Six of the texts were randomly assigned to the distractor words
condition on an individual basis. The other 6 texts were assigned
to the gap control condition. In the distractor words condition, 50
distractor words (the five unique distractor words repeated 10
times) written in an upright font were randomly interspersed into
the target text with the constraint that the distractor word was
never the first or the last word of the text, and no distractor word
followed another distractor word directly. In the gap control con-
dition, the distractor words were written in white type on a white
background so that the participants could not see them.

Procedure. Participants were tested individually. Their task
was to read out loud the texts presented on the computer screen in
front of them. Two short sentences—one comprising irrelevant
distractor words and one comprising no distractor words—were
presented to familiarize the participants with the task. In a practice
trial, participants read a complete text without distractor words.
The practice trial was followed by the 12 experimental trials. Each
trial started with a countdown that alerted the participants that
a text was about to be presented. Following the offset of the
countdown, the text appeared at the center of the screen. Partici-
pants knew that they were to read the italicized text out loud as fast
as possible without making pauses and without making errors.
They had to ignore all words printed in upright font. The texts were
presented in random order. When participants had read the last
word of the text, the experimenter pressed a key on the computer
keyboard to record reading time.

Each text was followed by a recognition test. The recognition test
consisted of five three-alternative forced-choice (3-AFC) questions
presented one after another. These questions consisted of segments of
the sentences comprising one of the five target words selected for
presentation in the reading phase that had been replaced by three
question marks. The target word, the distractor word, and the foil were
presented below the question, and participants were required to name
the target word. When all five questions had been answered, the next
reading trial was initiated.

Design. A 3 X 2 design was used with group (younger control
vs. younger, visual acuity reduction vs. older control) as between-
subjects factor and distractor condition (gap control vs. distractor
words) as within-subject factor. The dependent variables were
reading time, the proportion of correctly identified targets, and the
proportion of intrusion errors in the 3-AFC recognition test. Given
a sample size of 140 (with N = 47 younger and N = 49 older
adults in the control groups and N = 44 younger adults in the
visual acuity reduction group), an effect of size f = 0.34 (i.e.,
between a medium, f = 0.25, and a large, f = 0.40, effect as
defined by Cohen, 1988) could be detected for the interaction
between group and distractor condition with a probability of 1 —
B = .95 (Faul, Erdfelder, Buchner, & Lang, 2009; Faul, Erdfelder,
Lang, & Buchner, 2007).

Results

Treatment check of the visual acuity manipulation. As was
to be expected, visual acuity was worse for older control partici-
pants (Mdn = 0.60) than for younger control participants (Mdn =
0.90), as revealed by a U test (z = —6.52, p < .01). This is in line

with the literature (Fozard, 1990; Schieber, 1992) suggesting that
there are several age-related changes in the visual system that
cannot be easily compensated with contact lenses or glasses
(Schneider & Pichora-Fuller, 2000). Given that a healthy sample
of older adults was examined in the present experiment, there is no
reason to suspect that age differences in visual functioning were
more pronounced in the present study than in previous studies in
which no measurements of visual functioning were reported (Carl-
son et al., 1995; Connelly et al., 1991; Duchek et al., 1998; Dywan
& Murphy, 1996; Kemper & McDowd, 2006; Kemper et al., 2008;
Kim et al., 2007; Li et al., 1998). The most important question was
whether the age differences in visual acuity would disappear when
the older control adults were compared with younger adults with
visual acuity reduction. It is important to note that visual acuity
was even worse for younger adults with visual acuity reduction
(Mdn = 0.40) than for older control adults (Mdn = 0.60, z =
-5.87, p < .01). Thus, if the age differences in the reading-with-
distraction task were solely due to sensory decline (as suggested by
Burke & Osborne, 2007), we would expect younger adults with
visual acuity reduction to be as susceptible as, or even more
susceptible than, the older adults to interference in this task.

Reading times. A 3 X 2 multivariate analysis of variance
(MANOVA) with group (younger control vs. younger, visual
acuity reduction vs. older control) and distractor condition (gap
control vs. distractor words) as independent variables revealed a
significant main effect of group, F(2, 137) = 50.46, p < .01, n2 =
42, on reading time (see Figure 1, left panel). Orthogonal contrasts
showed that younger adults with visual acuity reduction read more
slowly than younger control adults, F(1, 138) = 8.81, p < .01,
m? = .06, and older adults read more slowly than younger adults,
F(1,138) =90.95,p < .01, 1]2 = .40. The main effect of distractor
condition was also significant, F(1, 137) = 651.94, p < .01, 7]2 =
.83, due to the fact that reading time was larger in the distractor
words condition than in the gap control condition.

Most importantly, there was a significant Group X Distractor
Condition interaction, F(2, 137) = 26.81, p < .01, > = .28. To
further examine this interaction, three separate 2 X 2 MANOVAs
were conducted. First, we compared the younger control group to
the older control group to see whether we could replicate the
age-related increase in susceptibility to distraction that was ob-
served in previous studies (e.g., Connelly et al., 1991; Duchek et
al., 1998; Dywan & Murphy, 1996; Kim et al., 2007; Li et al.,
1998). Indeed, older adults were more prone to distraction than
younger adults, F(1, 94) = 38.97, p < .01, n*> = .29.

The most interesting question was whether the age-related in-
crease in susceptibility to distraction could also be replicated if we
compared older adults to younger adults with visual acuity reduc-
tion or whether this pattern would be abolished or even reversed.
The analysis showed that the increase in reading times in the
distractor words condition compared with the gap control condi-
tion was more pronounced for older adults than for younger adults
with visual acuity reduction, F(1, 91) = 16.49, p < .01, n2 = .15,
although the effect size for the Age Group X Distractor Condition
interaction was somewhat reduced when compared to the preced-
ing analysis. We therefore conclude that sensory differences can-
not fully account for the age-related differences in the reading-
with-distraction task.

To see whether the sensory manipulation had any influence on
the susceptibility to distraction in the reading-with-distraction task,
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Figure 1.

Reading times in Experiment 1. Left panel: Mean reading time as a function of distractor condition

(GC = gap control; DW = distractor words) and group. Right panel: Mean proportional increase in reading time

in the distractor words condition relative to the gap control condition:

the standard error of the means.

we compared the younger participants with visual acuity reduction
to younger control participants. This analysis revealed a significant
interaction between sensory acuity group and distractor condition,
F(1, 89) = 17.78, p < .01, nz = .17. Thus, although sensory
decline cannot fully account for the age differences in the suscep-
tibility to interference in the reading-with-distraction task, visual
acuity reduction increases distractibility significantly.

To test whether the age differences in reading time were simply
due to cognitive slowing, we performed an additional analysis
(Duchek et al., 1998; Kim et al., 2007) in which we examined the
proportional increase in reading time in the distractor words con-
dition relative to the gap control condition (see Figure 1, right
panel), which was calculated by dividing the reading time differ-
ence between the distractor words condition (RTpy,) and the gap
control condition (RTg) by the reading time in the gap control
baseline condition:

RTyw — RTgc
RTGc

All conclusions derived from the analysis of the absolute reading
times reported above were confirmed. Most important, the relative
increase in reading time was larger for older participants than for
younger participants in the visual acuity reduction group, F(1,
91) = 6.03, p = .02, m* = .06, suggesting that cognitive slowing
alone cannot fully account for the age-related differences in dis-
tractibility (cf. Duchek et al., 1998; Kim et al., 2007).
Recognition test performance. An analysis of the proportion
of correctly identified target words in the 3-AFC recognition test

RTpw — RT,
—2Y "€ The error bars represent

(see Table 1) revealed main effects of group, F(2, 137) = 39.77,
p < .01,7m? = .37, and of distractor condition, F(1, 137) = 167.90,
p < .01, m? = .55. Orthogonal contrasts showed that older adults
correctly identified fewer target words than younger adults, F(1,
138) = 78.43, p < .01, n* = .36, and that younger adults with
visual acuity reduction identified as many target words as younger
control participants, F(1, 138) = 1.52, p = .22, 7> < .01. In all
three groups, participants correctly identified the target word less
often in the distractor words condition than in the gap control
condition. Most important, there was no significant interaction
between group and distractor condition, F(2, 137) = 0.67,p = .51,
n? = .0l.

We also analyzed the error patterns in the distractor words
condition. The probability of incorrectly selecting the distractor
word was compared to the probability of incorrectly selecting a
new foil word that had not been presented in the reading phase (see
Table 2). The 3 X 2 MANOVA with group (younger control vs.
younger, reduced visual acuity vs. older control) and error type
(distractor word vs. new foil word) as independent variables re-
vealed a main effect of group, F(2, 137) = 20.02, p < .01, nz =
.23, suggesting that older adults made more errors than younger
adults, F(1, 138) = 40.03, p < .01, nz = .22, and a main effect of
error type (suggesting that participants selected the previously
presented distractor word more often than the new foil word), F(1,
137) = 429.22, p < .01, n*> = .76. Most important, there was no
interaction between group and error type, F(2, 137) = 0.83, p =
44, m* = .01, which suggests that intrusions by the distractor
material did not differ between the groups. This is consistent with
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Table 1

Proportion of Correctly Chosen Target Words (Absolute Number of Correctly Chosen Target
Words Divided by Number of Trials) as a Function of Group and Distractor Condition

Group

Younger, visual
acuity reduction

Distractor condition Younger control

Older, visual

Older control acuity reduction

Experiment 1

Gap control 71 (.01)

Distractor words .58 (.02)
Experiment 2

Continuous control .82 (.02)

Gap control 78 (.02)

Random control .82 (.02)

Distractor words .58 (.02)

7401 61001
59(.02) 46 (.02)

81(.02) 67 (.02) 67 (.02)
82(.02) 70 (.02) 69 (.02)
85(.02) 71(.02) 71(.02)
59 (.02) 44.(02) 40 (.02)

Note.

most studies examining age differences in the reading-with-
distraction task (Carlson et al., 1995; Connelly et al., 1991;
Duchek et al.,, 1998; Dywan & Murphy, 1996; Kemper &
McDowd, 2006; Li et al., 1998; Phillips & Lesperance, 2003).

Discussion

Experiment 1 showed that an artificial decrease of younger
adults’ visual acuity increased distractibility in the reading-with-
distraction task. Thus, age differences in susceptibility to interfer-
ence may reflect—in part—age differences in sensory capabilities.
However, the increase in interference due to the sensory acuity
manipulation was much less pronounced than the increase in
interference due to cognitive aging. In other words, the age effects
in the reading-with-distraction task cannot be fully simulated in
younger adults by reducing their visual acuity. This was true even
though visual acuity was even worse for younger adults with
visual acuity reduction than for older adults. Therefore, we
conclude that the sensory-deficit hypothesis is partly correct but
cannot fully account for the age differences in the reading-with-
distraction task.

In Experiment 1, we examined the sensory-deficit hypothesis by
reducing younger adult’s visual acuity drastically. This was done
to guarantee the comparability between the present study and that
of Lindenberger et al. (2001). According to Lindenberger et al., a

Table 2

Numbers in parentheses represent the standard error of the mean.

visual acuity of 0.4 Snellen decimals is commonly observed in a
sample of healthy older people. However, using a single value for
acuity reduction usually does not result in an exact match for the
vision between older and younger adults. In Experiment 2, we thus
went one step further and equated visual acuity for two subgroups
of younger and older participants by reducing acuity of all of these
participants to the same level. In that way, all possible age differ-
ences in visual acuity between these two age groups were abol-
ished. The sensory-deficit hypothesis (Burke & Osborne, 2007)
leads to the prediction that age differences in distractibility disap-
pear when visual acuity is equal in both age groups. In contrast, the
inhibitory-deficit hypothesis (Connelly et al., 1991) again leads to
the prediction that the sensory acuity manipulation has no effect on
the reading-with-distraction task at all. We also introduced two
additional control conditions to allow for a more fine-grained
analysis of the age differences in the reading-with-distraction task.
First, we used a continuous control condition to assess the “true”
baseline in reading speed of the groups involved in this experi-
ment. We also included a random control condition in which
random letter strings were interspersed into the text. This condition
was designed to assess the extent to which the slowing of the
reading speed is caused by lexical and semantic interference. This
is possible because differences between the distractor words and

Proportion of Errors (Absolute Number of Errors Divided by Number of Trials) in the
Distractor Words Condition as a Function of Group and Error Type

Group

Younger, visual

Older, visual

Error type Younger control acuity reduction Older control acuity reduction
Experiment 1
Distractors .32 (.02) .32 (.02) 40 (.02)
New foil words .10 (.01) .09 (.01) .14 (.01)
Experiment 2
Distractors .37 (.02) .37 (.02) 47 (.02) .52 (.02)
New foil words .05 (.01) .04 (.01) .09 (.01) .08 (.01)

Note. Numbers in parentheses represent the standard error of the mean.
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the random control conditions can be assumed to largely reflect the
effects of lexical and semantic processes.

Experiment 2

Method

Participants. Seventy-six community-dwelling older adults
and 83 younger adults were randomly assigned to two groups. Half
of the participants in each age group conducted the experiment
with their normal or corrected-to-normal visual acuity. The ran-
domly selected other half of each age group conducted the exper-
iment with their visual acuity artificially reduced to 0.4 to 0.6
Snellen decimals (see the Sensory acuity manipulation section,
below). Two participants (one older and one younger adult) were
excluded on the basis of the dementia screening. The remaining 75
older adults (55 women) ranged in age from 60 to 85 years (M =
69.64, SD = 4.91). The remaining 82 younger adults (70 women)
ranged in age from 19 to 30 years (M = 23.04, SD = 3.13).

All participants were native German speakers. The exclusion
criteria were the same as in Experiment 1. None of the participants
had taken part in the first experiment. As in Experiment 1, younger
adults had more years of education than older adults, F(1, 155) =
27.45, p < .01, m? = .15, but older adults performed better on the
vocabulary test, F(1, 155) = 42.23, p < .01, > = .21. Older adults
had worse scores in the dementia screening test (DemTect) than
younger adults, F(1, 155) = 7.48, p = .01, n*> = .05, but the mean
score of older adults (16.79 points) was well within the range of
age-appropriate functioning (13 to 18 points). Older and younger
adults did not differ with respect to their overall contentment with
life, x*(1, N = 157) < 0.01, p = .95.

Sensory acuity manipulation. To equate visual acuity be-
tween younger and older adults in the visual acuity reduction
groups, partial occlusion filters were used as in Experiment 1.
However, to reduce each participant’s visual acuity to between 0.4
and 0.6 Snellen decimals, we used different types of partial occlu-
sion filters that reduced visual acuity to different degrees, depend-
ing on the participant’s sensory capability. To determine which
partial occlusion filter would be necessary to reduce the partici-
pant’s visual acuity to about 0.4 Snellen decimals, participants
were required to judge the orientation of the gap in a Landolt C
(Bach, 1996) of 2.5 arc min, which is the smallest gap size that can
be reliably detected with a visual acuity of 0.4. The Landolt C was
presented on the same computer screen that was used for the
experiment proper. At the start of the sensory acuity adjustment
procedure, participants wore 0.1 partial occlusion filters (which
cause the highest possible degree of visual acuity reduction). If
they were unable to identify the orientation of the gap six times in
a row, the next weakest partial occlusion filter (0.2) was applied.
This procedure continued until the orientation of the gap was
correctly identified in six successive trials. The occlusion filter the
participants were wearing during these six successive trials was
used for visual acuity reduction in the experiment proper.

Materials and procedure. Materials and procedure were
identical to those of Experiment 1, with the following exceptions.
To assess visual acuity, we used the FrACT (Bach, 2007), a
computerized visual screening test. The FrACT was applied before
and after the visual acuity adjustment as well as at the end of the
experiment. The results of the second visual screening (after visual
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Figure 2. Visual acuity in Snellen decimals for the four groups. Each

marker represents the visual acuity of one participant.

acuity was adjusted in the visual acuity reduction groups) are
displayed in Figure 2. Note that the use of a computerized visual
screening test allowed us to assess visual acuity using the same
computer monitor that was also used for the visual acuity adjust-
ment and the experiment proper. During the entire experiment
(including visual acuity adjustment and assessment), participants
had a viewing distance of 110 cm to the computer screen. This
distance to the screen was necessary to measure visual acuity up to
1.12 Snellen decimals in the FrACT.

For the reading-with-distraction task, 21 dictation texts were
selected from school books used in seventh or eighth grade, each
containing 60 words. On average, the texts comprised five sen-
tences (SD = 1). Font size was 30 point. At the viewing distance
of 110 cm, each character subtended about 0.29° vertically and
0.21° horizontally, which corresponds to the angular size of the
characters used in Experiment 1.

For three nouns of each text, two similar nouns were selected
that could replace those nouns without changing the meaning of
the text. One of these three alternatives was randomly selected to
be used as an italicized target word that appeared at the correct
position in the text. The other two alternatives were randomly
selected to be used as distractor words (in the distractor words
condition) or as new foil words in the multiple-choice recognition
test that followed each reading phase.

Five texts were randomly assigned to one of four conditions
(continuous control, gap control, random control, distractor words)
on an individual basis. In the distractor words condition, 30 dis-
tractor words (the three unique distractor words repeated 10 times)
written in an upright font were interspersed into the texts. In the
random control condition, the distractor words were replaced by
random letter strings written in an upright font that were of the
same length as the distractor words. The gap control condition
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corresponded to the gap control condition used in Experiment 1. In
the continuous control condition, the to-be-read texts were written
continuously without distractor words.

Design. A 2 X 2 X 4 design was used with age group
(younger vs. older) and sensory acuity group (control vs. visual
acuity reduction) as between-subjects factors and distractor con-
dition (continuous control vs. gap control vs. random control vs.
distractor words) as within-subject factor. The dependent variables
were reading time, the proportion of correctly identified targets,
and the proportion of intrusions in the 3-AFC recognition test.
Given a sample size of 157 (with N = 41 younger and N = 39
older adults in the control groups and N = 41 younger and N = 36
older adults in the visual acuity reduction groups), an effect size of
f = 0.34 could be detected for the interaction between sensory
acuity group and distractor condition with a probability of 1 — 3 =
.95 (Faul et al., 2007, 2009).

Results

Treatment check of the visual acuity manipulation. In the
control groups, visual acuity was worse for older (Mdn = 0.70)
than for younger adults (Mdn = 1.12; z = —6.32, p < .01). In the
visual acuity reduction groups, visual acuity was similarly worse
for older adults (Mdn = 0.77) than for younger adults (Mdn =
1.12) when tested without partial occlusion filters (z = —6.99, p <
.01). When tested with partial occlusion filters, visual acuity was
the same for older (Mdn = 0.50) and younger adults (Mdn = 0.50;
z = -0.61, p = .54; see Figure 2). These results confirm that we
succeeded in equating visual acuity between older and younger
adults with visual acuity reduction. Thus, any differences in dis-
tractibility between these two age groups cannot be attributed to
differences in visual acuity.

Reading times. A 2 X 2 X 4 MANOVA with age group
(younger vs. older), sensory acuity group (control vs. visual acuity
reduction), and distractor condition (continuous control vs. gap
control vs. random control vs. distractor words) as independent
variables revealed significant main effects of age group, F(1,
153) = 38.00, p < .01, > = .20; sensory acuity group, F(1,
153) = 55.13, p < .01, n2 = .27; and distractor condition, F(3,
151) = 278.34, p < .01, * = .85 (see Figure 3). The main effects
of age group and sensory acuity group can be attributed to older
adults reading more slowly than younger adults and participants
with visual acuity reduction reading more slowly than control
participants. Orthogonal contrasts on the distractor condition vari-
able showed that (a) reading times in the gap control condition
were slightly increased in comparison to the continuous control
condition, F(1, 153) = 57.10, p < .01, > = .27; (b) when random
letter strings were interspersed into the text, participants read more
slowly than when the text contained no distractors, F(1, 153) =
626.51, p < .01, m*> = .80; and (c) reading times in the distractor
words condition were increased compared with the control condi-
tions, F(1, 153) = 451.31, p < .01, n* = .75.

Replicating previous results, there was a significant Age
Group X Distractor Condition interaction, F(3, 151) = 14.21,p <
.01, m? = .22, suggesting that older adults were more susceptible
to interference than younger adults. The interaction was primarily
due to the fact that the increase in reading times in the distractor
words condition compared to the control conditions was more
pronounced for older than for younger adults, F(1, 153) = 35.04,

p < .01, m? = .19. Older adults were also slowed down more than
younger adults by random letter strings, F(1, 153) = 15.30, p <
.01, T]2 = .09, and by gaps in the text, F(1, 153) = 5.23, p = .024,
m? = .03. The most interesting question was whether the age
differences in distractibility would be moderated by the sensory
acuity manipulation. If these age differences were primarily due to
age-related sensory decline, we would expect an age difference in
the control groups but not in the visual acuity reduction groups.
However, there was no significant three-way interaction between
age group, sensory acuity, and distractor condition, F(3, 151) =
0.33, p = .81, y* = .01, suggesting that sensory acuity did not
moderate the age differences in distractibility. Does this mean that
the sensory acuity manipulation had no effect on distractibility
at all? This is also not the case, because there was a significant
interaction between sensory acuity group and distractor condition,
F(3, 151) = 21.54, p = .01, n* = .30, suggesting that participants
with visual acuity reduction were slowed down more by distractor
words, F(1, 153) = 7.52, p = .01, n2 = .05, and random letter
strings, F(1, 153) = 64.34, p < .01, T]Z = .30, than control
participants. We conclude that reducing sensory capability in-
creased interference somewhat but did not moderate the age dif-
ferences in distractibility.

To further examine the age differences in distractibility, two 2
(age group) X 4 (distractor condition) MANOV As were conducted
for both sensory acuity groups separately. As expected, there was
a significant interaction between age group and distractor condi-
tion for control participants, F(3, 76) = 13.42, p < .01, n* = .35.
More important, the Age Group X Distractor Condition interaction
was also significant when only participants with visual acuity
reduction were analyzed, F(3, 73) = 9.29, p < .01, n = .28,
although effect size was slightly reduced. Thus, the age differences
in distractibility can be replicated even when visual acuity is
equated across all participants in both age groups. This finding
shows that sensory decline cannot be responsible for the age
differences in susceptibility to interference in the reading-with-
distraction task.

Parallel to Experiment 1, we conducted an additional analysis
(Duchek et al., 1998; Kim et al., 2007) in which we examined the
proportional increase in reading time relative to the continuous
control condition (see Figure 3, right panels). The relative increase
in reading time was calculated by dividing the increase in reading
time in the gap control, the random control, and the distractor
words condition (RT ) by the reading time in the continuous
control baseline condition (RT():

RT — RT¢c

RTcc

All conclusions derived from the analysis of the absolute reading
times reported above were confirmed. Most important, the inter-
action between age group and distractor condition remained sig-
nificant, F(2, 152) = 6.69, p < .01, 1> = .08 (see Figure 3). It is
interesting to note that when only participants with visual acuity
reduction were examined, there were virtually no age differences
in the relative increase in reading times due to gaps in the text, F(1,
75) =0.25,p = .62, 1]2 < .01, or random letter strings, F(1, 75) =
0.60, p = .44, nz = .01. Nevertheless, the age difference in
distractibility by distractor words remained significant, F(1, 75) =
8.11, p < .01, m* = .10.
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Figure 3. Reading times in Experiment 2. Left panels: Mean reading time as a function of distractor condition
(CC = continuous control; GC = gap control; RC = random control; DW = distractor words) in the control
groups (upper panel) and the visual acuity reduction groups (lower panel). Right panels: Mean increase in
reading time relative to the continuous control condition in the control groups (upper panel) and the visual acuity

. RT . — RTcc
reduction groups (lower panel): T RT
cc

. The error bars represent the standard error of the means. The grey

columns show the difference between age groups (older adults — younger adults).

Recognition test performance. The proportion of correctly
identified target words in the 3-AFC recognition test is shown in
Table 1. A2 X 2 X 4 MANOVA with age group, sensory acuity
group, and distractor condition as independent variables showed
main effects of age group, F(1, 153) = 123.16, p < .01, 1> = .45,
and distractor condition, F(3, 151) = 142.02, p < .01, 1]2 = .74,
but no significant main effect of sensory acuity group, F(1, 153) =
0.17, p = .68, m*> < .01. The target words were less often correctly
identified in the distractor words condition than in the control
conditions, F(1, 153) = 427.02, p < .01, ~q2 = .74. Older adults

correctly identified the target word less often than younger adults.
As in Experiment 1, the interaction between age group and dis-
tractor condition was not significant, F(3, 151) = 1.67, p = .18,
m? = .03. The interactions between sensory acuity and distractor
condition, F(3, 151) = 0.56, p = .64, n* = .01, and the three-way
interaction between age group, sensory acuity, and distractor con-
dition, F(3, 151) = 0.58, p = .63, n2 = .01, were also not
significant.

Table 2 displays the proportion of falsely identified distractor
words in the distractor words condition and the proportion of



10 MUND, BELL, AND BUCHNER

falsely identified new foil words (i.e., the absolute number of
errors divided by the number of trials in which an error could be
made). The errors in the distractor words condition were analyzed
using a2 X 2 X 2 MANOVA with age group (younger vs. older),
sensory acuity (control vs. visual acuity reduction) and error type
(distractor word vs. new foil word) as independent variables. This
analysis revealed significant main effects of age group (older
adults made more errors than younger adults), F(1, 153) = 54.34,
p < .01, n* = .26, and error type (participants selected the
previously presented distractor word more often than the new foil
word), F(1, 153) = 609.81, p < .01, n*> = .80. There was a
significant interaction between age group and error type, F(1,
153) = 9.67, p < .01, > = .06, in that older adults made more
intrusions from the to-be-ignored material than younger adults.
This finding stands in contrast to that of Experiment 1, where no
age differences in distractibility were found in the 3-AFC recog-
nition test, which may be attributed to the somewhat higher sta-
tistical power to detect age differences in this analysis in Experi-
ment 2 relative to that of Experiment 1. It is important to note that
there was no main effect of sensory acuity, F(1, 153) = 045p =
.50, m* < .01; no two-way interaction between sensory acuity and
distractor condition, F(1, 153) = 2.05, p = .15, nz = .01; and no
three-way interaction between sensory acuity, distractor condition,
and age group, F(1, 153) = 0.59, p = .44, n*> < .01. Thus, as in
Experiment 1, sensory acuity had no influence on performance in
the 3-AFC recognition test at all. Hence, sensory acuity affected
reading times only.

Discussion

Experiment 2 shows that older adults are more susceptible to
interference in the reading-with-distraction task than younger
adults, even when all participants’ visual acuity was equated so
that there were no differences in visual acuity across both age
groups. The visual acuity manipulation did not moderate age
differences in the reading-with-distraction task. These findings
clearly refute the sensory-deficit hypothesis, which implies that
age differences in interference can be solely attributed to sensory
decline. Nevertheless, the sensory acuity manipulation led to an
increase in distractibility in the reading-with-distraction task. This
result replicates the finding of Experiment 1 that sensory deficits
may amplify susceptibility to interference in the reading-with-
distraction task.

The three different types of control conditions—the continuous
control condition, the gap control condition, and the random con-
trol condition—allowed for a more fine-grained analysis of the
group differences in the reading-with-distraction task. There was
only a very small difference in reading time between the contin-
uous control and the gap control conditions. This difference was
not affected by visual acuity. The age difference in the increase of
reading times due to gaps in the text was small and disappeared
when the proportional increase in reading time was analyzed. We
may therefore conclude that the gap control condition can indeed
be regarded as an adequate baseline condition. Using random letter
strings as distractors caused an increase in reading time relative to
the other two control conditions, even though interference was
much less pronounced than when meaningful distractor words
were used. Sensory acuity reduction considerably increased inter-
ference by random letter strings. In contrast, the difference be-

tween the two age groups in the relative increase in reading time
was comparatively small and was abolished when visual acuity
was equated. Thus, the small age difference in the increase in
reading times due to random letter strings in the control groups
may be solely attributed to sensory deficits. The age differences in
the increase in reading times due to meaningful distractor words,
however, were much larger and persisted even when visual acuity
was equated between the age groups. These age differences in the
susceptibility to lexical and semantic interference therefore cannot
be fully attributed to age-related sensory deficits. Instead, these
age differences seem to arise from declines of higher cognitive
processes, such as a decline of inhibitory control. The simplest
explanation for the pronounced age differences in the distractor
words condition is that similarity between targets and distractors
increases interference, and the likelihood of finding significant age
differences increases with the amount of interference elicited by
the distractors. An alternative interpretation of the present results
is that older adults are particularly impaired by meaningful irrel-
evant information. This interpretation of the results would be
consistent with studies examining age differences in cross-modal
interference (Bell & Buchner, 2007; Bell et al., 2008), which
suggest that age differences in susceptibility to cross-modal inter-
ference may be restricted to situations in which meaningful infor-
mation has to be ignored.

General Discussion

The present experiments allow us to derive the following con-
clusions. First, and most important, the age-related increase in
susceptibility to interference in the reading-with-distraction task is
clearly not due solely to perceptual deficits of older adults but
arises primarily from cognitive deficits at a higher level of pro-
cessing. This conclusion is mainly based on two findings: (a) Age
differences in the reading-with-distraction task cannot be fully
simulated by reducing visual acuity (Experiment 1); (b) age dif-
ferences in the reading-with-distraction task persist even when
visual acuity is adjusted to the same level across all participants in
both age groups (Experiment 2).

The finding that the age-related increase in distractibility cannot
be fully attributed to sensory problems of older adults is consistent
with the inhibitory-deficit hypothesis (Hasher et al., 2007), which
assumes that older adults have a deficit in controlling the access of
to-be-ignored information to working memory. The assumption of
age-related deficits in selective attention is highly plausible, given
that selective attention seems to rely on frontal lobe functioning,
and it is well documented that the frontal lobe is one of the brain
structures that degenerates most with increasing age (West, 1996).
The finding that age-related differences in sensory capability are
not the only cause of age differences in distractibility is also
consistent with findings showing older adults to be more suscep-
tible to cross-modal interference than younger adults when en-
gaged in demanding working memory tasks (Bell et al., 2008;
Meijer et al., 2006), which cannot easily be attributed to age-
related sensory decline.

The second important finding of the present experiments is that
sensory impairment had a direct effect on the amount of interfer-
ence in the reading-with-distraction task. Thus, although sensory
decline alone cannot fully explain the age-related differences in
distractibility, the influences of sensory capability on measures of
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visual selective attention should not be ignored. In both experi-
ments, the decrease in visual acuity led to an increase in reading
time and—more important—an increase in distractibility, as mea-
sured by the difference in reading times between the distractor
words condition and the control conditions. Therefore, it is possi-
ble that sensory problems may be responsible for some part of the
age differences in visual selective attention obtained in previous
studies in which older and younger adults differed in sensory
capabilities to unknown degrees. In principle, this could have led
to an overestimation of attentional decline in older adults. When
differences in sensory capabilities are not controlled, distractibility
in the reading-with-distraction task must not be viewed as a pure
measure of inhibitory capacity. Thus, future studies that examine
age differences in perceptually demanding visual selective atten-
tion tasks should take sensory capability into account. According
to Schneider and Pichora-Fuller (2000), the problem that age
differences in sensory acuity may amplify age differences in
selective visual attention is generally ignored in cognitive aging
studies. Further research is needed to examine whether the finding
that sensory capability influences susceptibility to interference is
confined to the reading-with-distraction paradigm or whether it is
a more general problem that sensory capability affects measures of
visual selective attention.

Although sensory capability affected distractibility, this effect
was not very large. The visual acuity manipulation influenced
reading times only and had no effect on the results of the recog-
nition test at all. This suggests that the present results should not
be interpreted as providing evidence for a general reduction of
attentional performance due to sensory impairments. Instead, the
results suggest that the effects of sensory acuity on cognitive
performance may be confined to selective attention tasks, which
are perceptually demanding in that targets and distractors are
difficult to discriminate at a perceptual level. This interpretation is
in line with the results of Lindenberger et al. (2001), who have
shown that a sensory acuity manipulation similar to the one used
in the present experiments had no influence on various measures of
cognitive functioning such as processing speed, reasoning, epi-
sodic memory, and verbal fluency.

In summary, age differences in the reading-with-distraction task
are affected by but are not solely due to a decline of visual acuity.
Instead, these age differences are mainly caused by a decline of
cognitive processes, such as a decrease of inhibitory attention.
Nevertheless, sensory acuity has to be taken into account as a
potential confounding factor in perceptually demanding visual
attention tasks and should be carefully controlled in studies exam-
ining age differences in selective attention.
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Abstract

Studies using a multiple-choice recognition test to examine age differences in the impairment of
text comprehension due to distractors yielded inconsistent results. In the present study, participants
were required to recall texts comprising unrelated, related, or no distractor words. Recall protocols were
analyzed using a gist-based propositional scoring procedure. Older adults’ story recall was clearly im-
paired by the presence of distractor material, whereas younger adults’ recall performance was not. The
findings suggest that older adults were more likely than younger adults to build up incorrect memory

representations that comprise distractor concepts when distracting information was present.

Keywords: Text Recall, Prose Recall, Inhibition deficit theory, Inhibitory deficit theory, Text Com-

prehension, Cognitive Aging
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Aging and interference in story recall

According to inhibitory deficit theory (Hasher & Zacks, 1988), cognitive aging is characterized by a
reduction of inhibitory control over the contents of working memory. Most importantly for the pre-
sent research, it is assumed that cognitive performance declines in old age because older adults fail to
inhibit the processing of task-irrelevant extraneous information. One of the most frequently cited find-
ings that supports inhibitory deficit theory is that older adults are more impaired than younger adults
by the presence of distractor words when reading (Carlson, Hasher, Connelly, & Zacks, 1995; Connelly,
Hasher, & Zacks, 1991; Darowski, Helder, Zacks, Hasher, & Hambrick, 2008; Dywan & Murphy, 1996;
Feyereisen & Chatrlot, 2008; Kim, Hasher, & Zacks, 2007; Li, Hasher, Jonas, Rahhal, & May, 1998). In a
typical experiment using the reading-with-distraction task, participants are required to read aloud short
texts. In the experimental condition, to-be-ignored words in a distinct font style (upright font) are inter-
spersed among the target text (printed in italic font). Usually, the increase in reading time in the distrac-
tor condition relative to a control condition without distractors is larger for older adults than for
younger adults. Recent results show that these age differences are not solely due to sensory deficits of
older adults, but arise from deficits in higher cognitive processes (Mund, Bell, & Buchner, in press).
Mund et al. examined whether the age differences in distractibility prevail when visual acuity is equated
between age groups. A priori, it seemed possible that older adults with sensory problems may fail to
discriminate between target and distractor material at a perceptual level because they fail to see the sub-
tle differences between different font styles. However, although visual acuity reduction increased inter-
ference somewhat, it did not eliminate the large age differences in distractibility as measured by the
reading-time difference between the distractor condition and the control condition.

Another problem with interpreting the age differences in the slowing of reading time due to dis-
tractor words is that reading times of older and younger adults may already differ in the control condi-
tion in which no distracting information is present. In such cases the age-related increase in reading
times in the distractor condition could be attributed to general age-related slowing rather than to a

problem with interference control. There are only two studies that take age-related slowing into account
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by reporting the proportional increase in reading time relative to the baseline control condition (Kim et
al., 2007; Mund et al,, in press).! In one study the age difference in distractibility persisted in this analy-
sis (Mund et al., in press), in the other it disappeared (Kim et al., 2007). Another problem when inter-
preting age differences in the slowing of reading speed is that old age may be associated with increased
emphasis on accuracy as opposed to processing speed (Brébion, 2001, 2003). It is therefore conceivable
that older adults put more emphasis on text comprehension while younger adults put more emphasis
on reading speed. If this were true for the reading-with-distraction task, then older adults would read
more slowly, and their reading times would increase disproportionally in those condition in which text
comprehension is complicated by the presence of meaningful distractors. Thus, the age differences in
the increase in reading times due to distractor material cannot be unambiguously interpreted unless text
comprehension is also assessed.

In most studies examining age differences in the reading-with-distraction task, text comprehension
is assessed using a multiple-forced choice (MFC) text recognition test. In this test, participants are re-
quired to identify previously read target words among new words and previously ignored distractor
words. Two findings from the MFC text comprehension test support inhibitory deficit theory. First, the
decrease of memory for the target words in the distractor condition relative to the control condition is
larger for older than for younger adults. Second, older adults make more intrusion errors (i.e., choose
the previously to-be-ignored distractor more often) than younger adults.

However, evidence from the MFC recognition test in favor of the inhibitory deficit account is
much less compelling than generally thought. Table 1 shows all studies we know of in which tests of
statistical significance of age differences in the MFC recognition test were reported. Only two out of
thirteen experiments found that the presence of distractor words impaired the ability to detect the tar-
get word to a greater extent in older adults than in younger adults. Only three studies out of nine found
an increase of intrusions from the to-be-ignored material in old age. In sum, these results would be
consistent with the assumptions that age differences in distractibility in the reading-with-distraction task
are either particularly small or do not exist at all (considering that one out of twenty statistical tests to

the conventional level of o = .05 would be significant due to chance, and assuming that there may be a



Aging and interference in story recall Page 5

publication bias towards reporting significant age differences in the predicted direction). The lack of
reliable age differences in text comprehension is especially problematic for inhibitory deficit theory
given that the interpretation of the age-related increase of reading times in the distractor condition is
also difficult due to problems such as how to take age-related slowing into account adequately. The in-
consistent outcome of the studies examining text comprehension with the MFC recognition test may
be due to the poor psychometric properties of this test (Darowski et al., 2008). As a first step, one may
thus recommend that the psychometric properties of the text-comprehension test should be improved
(e.g, by increasing the number of items).

However, at a more general level it may be considered questionable whether a MFC recognition
test allows to assess text comprehension appropriately. When reading, we usually direct our attention to,
and subsequently remember the meaning of the text rather than the specific wording, that is, the percep-
tual components of a text. Most theories of text comprehension (McNamara & Magliano, 2009) as-
sume that the memory representations for texts can be best described as a connectionist semantic net-
work, consisting of nodes and links varying in activation strength. This is in line with working memory
models such as the embedded-processes model (Cowan, 1995, 1999) which imply that the mental rep-
resentation of the text is established by directing the focus of attention towards the semantic content
of the words in long-term memory. One of the most important functions of the attentional compo-
nent of working memory is its capacity to form new associations between activated memory represen-
tations (cf. Oberauer, 2005a, 2005b). When reading, the focus of attention serves to bind together acti-
vated semantic representations to establish new links between the semantic concepts, resulting in the
construction of a mental representation of the meaning of the target text. The MFC recognition test
may not be the best method to assess text comprehension and the subsequent retention of meaning for
several reasons. This is so because participants are required to identify the target word among false al-
ternatives that differ from the target word at a perceptual-lexical level, but not (or only marginally) at a
semantic level (e.g.,, “digging tools” vs. “digging equipment”). Failing to distinguish between these per-
ceptually and lexically different but semantically equivalent alternatives is hardly evidence for an im-

pairment in text comprehension. It follows from these considerations that a more adequate measure of
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text comprehension must be particularly sensitive to the semantic content of the text rather than to its
surface features. It has long been known that free recall has these properties (e.g., Srinivas & Roediger,
1990), but none of the published reading-with-distraction studies we know of has ever used a free re-
call test to assess the mental representation of the whole texts.? Therefore, we examined age differences
in the reading-with-distraction paradigm using a memory test requiring free recall of whole texts. As
will be shown in the Discussion section, the free recall test used here also yields a much more reliable
memory measure than the MFC recognition test, which helps solving the problem explicated in the
preceding paragraph.

Three conditions were contrasted, a contro/ condition, in which the texts were presented continu-
ously, an unrelated distractor condition, in which the distractor words were unrelated to the meaning of
the target text, and a related distractor condition, in which the target words were related to the meaning
of the target text. As in other studies examining age differences in text comprehension (e.g. Johnson,
2003; Stine-Morrow, Milinder, Pullara, & Herman, 2001; Stine-Morrow, Shake, Miles, & Noh, 2006), we
analyzed the number of propositions that were correctly recalled, using a gist-based scoring criterion.
This allowed us to assess whether participants had an accurate representation of the meaning of the tar-
get text independent of its surface structure (Turner & Greene, 1987). We were especially interested in
how the distractors would corrupt the mental representation of the target text in younger and older

adults.

Method

Participants

47 older adults and 46 younger adults participated in the experiment. Data from three participants
(two older adults and one younger adult) with a diagnosis of “mild cognitive impairment” in the Dem-
Tect (a sensitive dementia screening test; Kalbe et al., 2004) were excluded from data analysis. The re-
maining 45 older adults (30 women) ranged in age from 60 to 82 years (M = 68, SD = 5). The remain-
ing 45 younger adults (26 women) ranged in age from 19 to 30 years (M = 24, §D = 3). Younger adults

had more years of education than older adults, F(1,88) = 15.45, p < .01, n? = .15, but older adults pet-

formed better on a vocabulary test (MWT-A; Lehtl, 1989) than younger adults, F(1,88) = 9.41, p < .01,
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n? = .10. Older and younger adults did not differ with respect to their self-assessed overall contentment

with life, x3(1) = 1.70, p = .19. All participants were native German speakers. None of the participants
had a history of heart attack, stroke, brain trauma, alcoholism, Parkinson’s disease, or pulmonary em-
physema or had taken medication that could influence cognitive functioning;

Materials

The reading-with-distraction task requires discriminating font styles (typically upright vs italic in an
unfamiliar font) that may be hard to distinguish with decreased visual acuity. Previous research has
shown that age-related sensory decline may increase interference from upright distractors in italic text
to some degree, but also that the age differences in the reading-with-distraction task cannot be fully
explained by age differences in sensory acuity. In order to make sure that possible age differences in
distractibility cannot be attributed to age differences in the failure to discriminate font styles at a per-
ceptual level, we used glasses with partial occlusion filters (Ryser Optik; St. Gallen, Switzerland) to arti-
ficially reduce younger participants’ visual acuity to the acuity measured in the group of older partici-
pants. This method has proven successful in previous studies (Lindenberger, Scherer, & Baltes, 2001;
Mund et al., in press). Specifically, there are several types of partial occlusion filters that reduce visual
acuity to different degrees. Younger participants were tested with filters that lowered their visual acuity
to that of a (randomly) matched older adult. Visual acuity was assessed using a well established and
validated visual computerized screening test (FrACT; Bach, 2007) with good psychometric properties.
The test uses simple Landolt C optotypes and thus allows measuring “pure” visual acuity not con-
founded by higher cognitive processes that would be involved in an acuity test with, for instance, to-be-
read words, sentences, or longer texts. The FrACT was run on the same (24 inch) computer monitor
that was used for the experiment proper. Both age groups performed the FrACT before (pretest) and
after visual acuity adjustment (posttest). A chin rest and a forehead rest were used to ensure that par-
ticipants had a viewing distance of 110 cm to the computer screen during the entire experiment.

For the reading-with-distraction task, we used the same 20 texts as in Mund et al.’s (in press) study
(dictation texts selected from school books used in 7th or 8th grade). All texts were 60 words long, On

average, each text comprised 5 sentences (5D = 1) and 25 propositions (5§D = 3). As in previous studies
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(Connelly et al., 1991; Kim et al., 2007), the to-be-read target texts were presented in black italic Courier
font on a white background. Each character subtended about 0.29° vertically and 0.21° horizontally.
Fifteen texts were randomly selected as target texts, five in each of three distractor conditions (continu-
ous control, unrelated, related). The texts were randomly assigned to the conditions on an individual basis.
In the continuons control condition, the target texts were written continuously without distractor words. In
the conditions with distracting material 30 distractor words (3 unique distractor words repeated 10
times) written in upright font were randomly interspersed into the target text with the constraint that
no distractor word followed another distractor word directly and that the first and the last word of the
text were no distractor words. For three nouns of each text, two semantically related words were se-
lected (e.g., Dschungel [jungle| and Tropenwald [tropical forest| were selected for Regemwald [rain forest|,
and Kopfschmerzen [headache| and Zabnschmergen [toothache| were selected for Bauchschmergen [stomach-
ache]). One of these three alternatives was randomly selected for being used as an italicized target word
that appeared at the correct position in the text. In the related distractor condition, one of the other two
alternatives was randomly selected to be used as a distractor word, and the other was used as a control
word for the analysis of the number of intrusions (see the Procedure section). In the wnrelated distractor
condition, the distractor words (and control words) were drawn from the five texts that were not se-
lected for presentation. The texts were presented in random order.

Procedure

Participants were tested individually. They were required to read out loud the text presented on the
computer screen. Two short sentences—one sentence comprising irrelevant distractor words and one
without distractor words—were presented to familiarize the participants with the task. In a practice
trial, participants read a complete text with related distractor words. The practice trial was followed by
the 15 experimental trials. Each trial started with a countdown. Then the text appeared at the center of
the screen. Participants were required to read out loud the italicized text without making pauses and
without making errors. They were advised to ignore all words printed in upright font. When partici-

pants had read the last word of the text, reading time was recorded.
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The main difference between the present study and Mund et al.s (in press) study or other studies
using the reading-with-distraction task is in the way in which text comprehension was assessed. The
present study is the first study we know of in which free recall of whole texts was used, whereas most
previous studies used an MFC recognition test to assess age-related effects of distractor words on text
comprehension (we explicate in the Introduction why free recall is more appropriate than the MFC
recognition test). A question mark that appeared in the middle of the screen was the signal for partici-
pants to recall the target text with as much detail as possible. Participants’ answers were recorded by the
computer’s built-in microphone. When participants felt that they could not remember any more details,
they gave the experimenter a signal to initiate the next trial.

For scoring purposes, a propositional analysis was performed on the texts using the system of
Turner and Greene (1987) that is based on the text-comprehension model of Kintsch and van Dijk
(1978). For instance, the sentences “The Meyers do not care about housekeeping. They love dirt.” were
decomposed into the propositions (CARE ABOUT, A: THE MEYERS, O: HOUSEKEEPING),
(NEGATE, (CARE ABOUT, A: THE MEYERS, O: HOUSEKEEPING)) and (LOVE, A: THE
MEYERS, O: DIRT). Participants’ answers were transcribed and compared to the template text bases
using a gist-based scoring criterion. Thus, propositions comprising synonyms of to-be recalled words
were scored correct. To illustrate, if a participant would have remembered “The Meyers do not care
about housekeeping. They like filth.”, all of the propositions would have been scored as correct. To
increase the reliability and validity of the scoring procedure, we used the Projekt Deutscher Wortschatz
database (http://wortschatz.uni-leipzig.de/) to identify synonyms. The database is based on a huge col-
lection of texts from various sources (e.g., newspaper articles, webpages) and thus represents a large
portion of current-day word usage (see Biemann, Bordag, Heyer, Quasthoff, & Wolff, 2004). To evalu-
ate the reliability of the propositional scoring procedure, the 150 recall protocols of ten randomly se-
lected participants (5 younger and 5 older adults) were scored by an independent rater. Inter-rater
agreement, as assessed by the kappa-coefficient (Cohen, 1960), was # = .94 (i.e., “almost perfect”; Lan-

dis & Koch, 1977).
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In addition to the analysis of the propositional content of the recall protocols, a levels analysis was
conducted according to the procedure outlined by Dixon, Simon, Nowak, and Hultsch (1982). This
procedure is based on the assumption of Kintsch and van Dijk (1978) that each text consists of
propositions which are connected and hierarchically ordered. A proposition B is subordinated to an-
other proposition .4 when proposition A is either embedded in proposition B or when proposition .4
contains an argument that is repeated in proposition B. With proposition A assigned to the level 7, the
subordinated proposition B obtains the level # + 1. After decomposing the stories into the propositions
contained, we specified the hierarchical structure of each story according to these rules. Following the
procedure of previous studies (e.g. Adams, Smith, Pasupathi, & Vitolo, 2002), we subsequently summed
the original raw scores for levels 1 and 2 representing the main ideas of the text and all levels of 3 and
higher representing the details of the text in order to simplify the levels analysis.

To detect distractor intrusions, the words of the recall protocols were automatically compared to
the word-stems of the distractor words and the control words using a computer program. If a word in
the recall protocol matched the word-stem of a distractor word, the word was scored as an intrusion.
However, not all distractor intrusions may be due to aftereffects of distractor presentation. In the re-
lated distractor condition, participants may paraphrase and add new information that may coincidentally
match the distractor words. To control for spontaneous use of distractor words, we also analyzed intru-
sions from control words that were not presented as distractors. In both distractor conditions, it was
randomly determined whether a specific word would be used as a distractor or as a control word.
Therefore, differences in the rate of intrusions between these two types of words can only be attrib-
uted to aftereffects of distractor word presentation in the reading phase.

Design

A 2 X 3 design was used with group ( younger vs. older) as between-subject factor and distractor con-

dition (continnous control vs. unrelated vs. related) as within-subject factor. The dependent variables were
reading time, the proportion of correctly recalled propositions, and the number of intrusion errors.
Given a sample size of 90 and assuming a correlation of p = .5 among the levels of the within-subject

factor, an effect of size /= 0.17 (i.e., between small and medium effects as defined by Cohen, 1988)
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could be detected for the interaction between group and distractor condition with a probability of 1 - §
= .95 (Faul, Erdfelder, Lang, & Buchner, 2007). A multivariate approach was used for all within-subject
comparisons. In the present application, all multivariate test criteria correspond to the same (exact) F-
statistic, which is reported. Partial M? is reported as a measure of the size of an effect. The level of o
was set to .05 for all analyses.
Results

Treatment check of the visual acuity manipulation

In the pretest (when younger adults were tested without partial occlusion filters), visual acuity was
worse for older (Md = 0.88) than for younger adults (Md = 1.07), 3 = -5.99, p < .01. In the posttest
(when younger adults were tested wizh partial occlusion filters), visual acuity was the same for older (Md
= 0.92) and younger adults (Md = 0.85), z = -1.65, p = .10 (Figure 1), confirming that we succeeded in
equating visual acuity between older and younger adults. Thus, age differences in distractibility cannot
be attributed to older adults failing to see the differences between italic and upright font because of
age differences in visual acuity.

Reading times

A 2 X 3 MANOVA with age group (younger vs. older) and distractor condition (continuons control vs.
unrelated vs. related) as independent variables revealed a significant main effect of distractor condition,
F(2,87) = 224.75, p < .01, n? = .84 (Figure 2). Orthogonal contrasts showed that participants read more
slowly in the #nrelated distractor condition than in the continuous control condition F(1,88) = 415.94, p <

.01, n? = .83, and more slowly in the related than in the unrelated distractor condition, F(1,88) = 45.84, p
< .01, n? = .34. There was also a main effect of age group, [1(1,88) = 13.31, p < .01, n? = .13, that was
qualified by an age group X distractor condition interaction F(2,87) = 10.69, p < .01, n? = .20. The in-

teraction between age group and the variable contrasting the control condition with the two distractor

conditions combined was significant, F(1,88) = 20.25, p < .01, n? = .19, suggesting that older adults

were slowed down more by the presence of distractor words than younger adults. The interaction be-
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tween age group and the variable contrasting the wurelated distractor condition with the related distractor
condition was not significant, F(1,88) = 0.09, p = .77, 1? < .01, suggesting that older adults were generally
more impaired by distracting information. Remarkably, reading speed did not differ between older and
younger adults when the texts contained no distracting material, F(1,88) = 1.36, p = .25, 1> = .02. Large

age differences emerged in the wnrelated distractor condition, F(1,88) = 16.10, p < .01, n? = .16, and in

the related distractor condition F(1,88) = 14.58, p < .01, n? = .14. The fact that age differences in read-

ing speed were confined to the distractor conditions shows that the age difference in reading times in
the distractor conditions cannot be attributed to age-related slowing and must be due to age-related
problems in interference control. To facilitate the comparison of the results of the present studies with
previous studies (Duchek, Balota, & Thessing, 1998; Kim et al., 2007; Mund et al., in press), we also
analyzed the proportional increase in reading time in the distractor conditions relative to the control
condition (that is, reading times in the distractor conditions divided by the reading time in the control

condition). As expected, this analysis revealed a significant effect of age group on the proportional
increase in reading time due to the presence of distractor words, (1,88) = 14.06, p < .01,n?= .14.
Propositional recall
Figure 3 shows the proportion of correctly recalled propositions. A 2 X 2 X 3 MANOVA with age

group (younger vs. older), level (main ideas vs. details), and distractor condition (continuons control vs. unrelated

vs. related) as independent variables revealed a significant main effect of age group, F(1,88) = 30.15, p <
.01, 02 = .25, suggesting that older adults recalled fewer propositions than younger adults. There was
also a main effect of distractor condition, F(2,87) = 11.71, p < .01, n? = .21. Orthogonal contrasts

showed that there was no significant difference between the #nrelated distractor condition and the con-

tinnous control condition, F(1,88) = 0.53, p = .47, 1> = .01, but participants recalled more propositions in
the unrelated distractor condition than in the related distractor condition, F(1,88) = 21.86, p < .01, n?> =

.20. Moreover, there was a main effect of level I1(1,88) = (694.34, p < .01, n? = .89, replicating the pre-

vailing finding that the main ideas of texts are more likely to be recalled than the details of the texts
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(Adams et al., 2002; Dixon et al., 2004). This level effect was reduced in older adults as indicated by the

significant interaction between age group and level F(1,88) = 4.84, p = .03, n?> = .05. Consistent with

other findings (e.g. Dixon et al., 1982; Meyer & Rice, 1981; Stine, Wingfield, & Poon, 19806), it seems
that younger adults are better than older adults at discriminating between the (presumably more impot-
tant) main ideas and the (less important) details of the texts, resulting in a reduction of the level effect.
All other interactions involving the level-variable did not attain the conventional level of significance.
The most interesting question was whether we would find age differences in distractibility, i.e. in

the impairment of propositional recall due to irrelevant information. Consistent with predictions de-

rived from inhibitory deficit theory, the age group X distractor condition interaction was significant,
F(2,87) = 8.32, p < .01, n? = .16. Older adults’ propositional recall was cleatly impaired by unrelated
distractor words, F(1,44) = 7.89, p = .01, n? = .15, and was even more impaired by related distractor

wortds than by unrelated distractor words, F(1,44) = 12.09, p < .01, n? = .22. Younger adults, in con-
trast, showed an increase in propositional recall in the wurelated distractor condition in comparison to
the continuons control condition F(1,44) = 8.71, p = .01, n? = .17. This paradoxical effect can be explained

by assuming that younger adults successfully increased their reading efforts as a response to the in-
creased reading difficulty caused by the distractors relative to the contro/ condition. In particular, they
may have attended more to the meaning of the target text in the unrelated distractor condition than in
the contro/ condition to avoid interference. Note that in the unrelated distractor condition, concentrating
on the meaning of the text may be an efficient countermeasure against interference because it helps to
discriminate between target and distractor materials that differ markedly in their semantic properties.
This compensatory strategy is not useful in the related distractor condition because of the semantic re-
latedness of the distracting material. This may be the reason why younger adults’ recall in the related
distractor condition decreases when compared to the #nrelated distractor condition. Older adults, how-
ever, seem to be less able than younger adults to adjust their reading efforts to support interference
avoidance, which results in a significant decrease of memory performance in the wurelated distractor

condition as compared to the continuous control condition. However, the global interaction of age group
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and distractor condition is not solely due to younger adults’ enhanced memory performance in the #nre-
lated distractor condition. If only the continuons control condition and the related distractor condition were
included in this analysis, the interaction between age group and distractor condition persists, F(1,88) =

9.57, p < .01, n? = .10. Thus, older adults’ propositional recall was cleatly impaired by the distracting

material, whereas younger adults’ recall performance was not.
The analysis of the intrusion errors also revealed evidence for age differences in interference con-

trol (Figure 4). Older adults produced more intrusions from related distractor words than younger

adults, F(1,88) = 9.10, p < .01, n?> = .09. In contrast, very few control words were produced and there

were no age differences in the production of control words, F(1,88) = 0.05, p = .83, n? < .01. Thus,

intrusions from related distractor words cannot simply be attributed to older adults remembering less
and paraphrasing more than younger adults. Intrusions from unrelated distractor words were less fre-
quent than intrusions from related distractor words. This was to be expected given that these unrelated
distractor words did not fit the target text at all. Nevertheless, the same data pattern was obtained for

untelated distractor intrusions and for related distractor intrusions. Older adults made more intrusions
from unrelated distractor words than younger adults F(1,88) = 14.11, p < .01, n? = .14, but there was

no age difference in the number of intrusions from unrelated control words (that were not presented as

distractors), F(1,88) = 0.65, p = .42, 1= .01.
Discussion

The present study revealed pronounced age differences in reading with distraction, as predicted by
inhibitory deficit theory (Hasher & Zacks, 1988). Age differences were equally pronounced in the wnre-
lated and the related distractor condition. This suggests that these age differences can be attributed to
general problems with interference control rather than to specific problems with rejecting related mate-
rial (e.g., a broader activation of semantically related concepts in older adults’ working memory).

Consistent with previous studies, older adults were slowed down more by the presence of distrac-
tor words than younger adults when reading. This finding has been previously attributed to older adults’

decreasing visual capabilities that may increase distractibility in the reading-with-distraction task because
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this task requires discrimination of subtle perceptual differences between target and distractor font
styles (Bell & Buchner, 2007; Bell, Buchner, & Mund, 2008; Burke & Osborne, 2007; Burke & Shafto,
2008). The present study can rule out this alternative explanation of age differences in reading with dis-
traction, because visual acuity was equated between older and younger adults. Thus, the increase in dis-
tractibility in older adults cannot be attributed to age-related sensory decline. This replicates the finding
of Mund et al. (in press) that age differences in the original version of the reading-with-distraction task
persisted when age differences in visual acuity were taken into account by adjusting younger and older
adults’ visual acuity so that there were no differences in visual acuity across both age groups. Age dif-
ferences in the increase in reading times due to the presence of distractor words persisted when cogni-
tive slowing was taken into account by analyzing the proportional increase in reading times in the dis-
tractor conditions relative to the control condition, which also replicates the findings of Mund et al. It
is reassuring to see that the age difference in the slowing of reading by distractors persists when a free-
recall test following each reading phase required both younger and older adults to focus on text com-
prehension.

The most important question was whether we would find evidence that older adults” memory for
the texts would be more impaired by the distractor words than that of younger adults. Consistent with
the hypotheses derived from inhibitory deficit theory, we found that the decrease in propositional recall
in the distractor conditions was more pronounced for older adults than for younger adults, and that
older adults produced more intrusions from both related and unrelated distractor words than younger
adults. Given that previous studies examining age differences in text comprehension with a MFC rec-
ognition test yielded highly inconsistent results (see Table 1), it seems notable that we found evidence
for an increased distractibility of older adults in all dependent variables. The simplest explanation of
this fact together with the inconsistency in previous studies is that the psychometric properties of the
propositional-recall score and the MFC recognition test score differ. The reliability of the MFC recog-
nition test score is rather poor. For instance, in Experiment 1 of Mund et al. (in press), Cronbach’s al-
pha across age groups was .40 in the contro/ condition and .48 in the related distractor condition.

Reliability was equally low in other studies using the reading-with-distraction task. For instance, Da-
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rowski et al. (2008) reported a reliability of .42 in the contro/ condition and of .41 in the related distractor
condition. In contrast, the reliability of the propositional-recall score obtained in the present study was
.71 in the control condition and .79 in the related distractor condition. Thus, the failure in many studies to
obtain significant age differences in the decrease of text comprehension due to the presence of distrac-
tor words is probably due to the low reliability of the MFC recognition test score rather than to pre-
served inhibitory functioning in older adults. We think it reasonable to assume that the MFC recogni-
tion test’s reliability is low because it is a poor measure of text comprehension, as outlined in the intro-
duction, such that the observed MFC recognition test score can be conceived of as a combination of a
small text comprehension true score and a large measurement error component.

However, the present results not only confirm the existence of age differences in the impairment
of text comprehension due to verbal distractors; they also allow for a more detailed and a more valid
assessment of distractibility in the reading-with-distraction task. The age-related decrease of proposi-
tional recall in the distractor conditions suggest that older adults were less able than younger adults to
establish a mental representation of the target text when distractor words were present. Due to deficits
in inhibitory control, older adults may be more likely to process distracting material than younger
adults, which may draw attentional resources away from the binding of the semantic concepts that con-
stitute the target text. The finding that younger adults had even better recall performance in the #nre-
lated distractor condition than in the contro/ condition suggests that the age differences in interference
may, in part, be due to younger adults’ compensatory strategy efforts to avoid interference. In the wure-
lated distractor condition, younger participants may place greater emphasis on text comprehension be-
cause this helps them to reject the unrelated distractor words. This strategy cannot help in the related
distractor condition, which may result in a drop in propositional recall in this condition when compared
to the wnrelated distractor condition. This interpretation is consistent with the finding that younger
adults are better able than older adults to apply flexible strategies according to the particular demands
of a reading task (Stine-Morrow et al., 2006). Thus, the more sensitive text-comprehension test used in
the present study allowed us to detect age differences in the strategic use of semantic encoding strate-

gies that would not have been detected by the insensitive MFC recognition test. The finding suggests
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that future studies should take into account the participants’ active role in interference avoidance by
examining whether older adults differ in the use of strategies that help them to cope with the demands
of selective-attention paradigms.

Older adults also made more intrusions from related distractor words than younger adults. This
finding could be explained by assuming that the irrelevant information enters the focus of attention,
where it intrudes into ongoing cognitive operations such as binding word concepts to propositions. In
the related distractor condition, the semantic representations of the target words and the distractor
words differ only marginally or are even identical. Potter and Lombardi (1990) examined interference in
a similar paradigm. They required participants to learn sentences. Before sentence recall, participants
were required to read a list of words that comprised a synonym of one of the words in the sentence.
These lure words were frequent intrusions, but only when they were semantically related to the mean-
ing of the sentence. Potter and Lombardi suggested that during recall, the sentence had to be regener-
ated from a conceptual representation of the meaning of the sentence, using recently activated lexical
entries. The intrusions of related distractor words in the reading-with-distraction task can be explained
using the same assumptions. Some of the related distractor words are synonyms of words in the to-be
recalled text (i.e., they share the same conceptual representation). If processing of the distractor word
is not suppressed, the lexical representation of the distractor word may be more activated than the lexi-
cal representation of the target word given that the distractor word was presented more frequently than
the target (ten times vs. once). Thus, intrusions from related distractor words could be explained by
assuming that participants regenerate the to-be recalled story from a correct conceptual representation
of the target text, using the highly accessible lexical entries of the distractor words.

However, this explanation cannot be applied to the finding that older adults made more intrusions
from wunrelated distractor words than younger adults. In this condition, distractor words did not fit the
to-be recalled texts at all. Therefore, this suggests that the semantic concepts of the distractor words
were integrated into the mental representation of the text. To illustrate, instead of remembering “Each
point of the globe can be reached. We can wake up in a different country every morning because air-

planes and trains are always available...”, an older participant included as an intrusion the unrelated dis-
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tractor word “rain forest” by remembering “It is always possible to go everywhere via train and air-
plane, to go for a walk in the rain forest or to wake up in a different country every morning...”. Note
that—at least in terms of standardized effect size, the age difference in the number of intrusion errors
were equally large in the wnrelated distractor condition and in the related distractor condition, suggesting
that older adults may fail to prevent distractor content from entering the focus of attention. As a con-
sequence, the distractor information is at least occasionally built into the mental representation of the
target text.

In summary, we used a propositional scoring procedure to analyze how distractor words interfere
with story recall. Older adults showed a more pronounced decrease of propositional recall due to the
presentation of distractor words than younger adults. This suggests that older adults were less able than
younger adults to establish a correct mental representation of the text when distractor words were pre-
sent. The analysis of distractor intrusions suggested that older adults were more likely than younger
adults to build up incorrect memory representations that comprise distractor information. We conclude
that there are pronounced age differences in the impairment of text comprehension by distracting in-

formation.
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Footnotes

! Duchek et al. (1998) report an analysis of proportional increase in reading time relative to the control
condition, but they report only the global interaction between distractor condition and group, and they
examined younger adults, older adults, and Alzheimer’s patients. Therefore, it is unclear whether the

significant interaction between group and condition can be attributed to the effects of normal aging;

2 Note that Li et al., (1998) converted the MFC questions into a cued recall task, in which participants
were asked to recall the target word. Obviously, this procedure is also not suited to reveal age differ-

ences in the susceptibility to interference within the mental representation of a whole text, i.e. a net-

work of activated semantic concepts and their connections.
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Table 1

Results of the MFC-recognition test used by previous studies regarding age differences in susceptibility to interference.
“Yes” indicates findings that suggest an age-related increase in distractibility (i.e., a significant interaction between age
group and distractor condition), “No” indicates the absence of age differences in distractibility. Studies marked with a
hyphen (-) did not report the relevant comparison of distractibility as a function of age group in the particular variable.

Age Difference in . .
Authors Year Experiment Memory for Target Age leference i
Words Intrusion Errors
Connelly, Hasher & Zacks 1991 1 No No
2 No No
Carlson, Hasher, Connelly & Zacks 1995 1 No No
2 No No
3 Yes Yes
Dywan & Murphy 1996 1 No Yes
Duchek, Balota & Thessing 1998 1 No No
Phillips & Lesperance 2003 1 No -
Kemper & McDowd 2006 1 No -
Kemper, McDowd, Metcalf & Liu 2008 1 Yes -
Feyereisen & Charlot 2008 1 No -
Mund, Bell & Buchner 2010 1 No No

2 No Yes
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Figure Captions

Figure 1: Visual acuity in Snellen decimals for the two groups in both visual acuity tests. Each
marker represents the visual acuity of one participant.

Figure 2: Mean reading time as a function of distractor condition and group. The error bars repre-
sent the standard errors of the means.

Figure 3: Mean percent of correctly recalled propositions as a function of distractor condition and
group. The error bars represent the standard errors of the means.

Figure 4: Mean number of intrusion errors as a function of word type and group. Left panel: Mean
number of intrusion errors in the related distractor words condition. Right panel: Mean number of in-
trusion errors in the wnrelated distractor words condition. The error bars represent the standard errors

of the means.
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Abstract

Age differences in the reading-with-distraction paradigm are often cited as evidence for a decline in
inhibitory control in old age. In the present study, participants were required to read texts with and
without distractor words with a focus on text comprehension. The moving-window-method was used
to assess reading times for target and distractor words separately. Contrary to predictions derived from
inhibitory deficit theory, the analyses of the reading times at the level of single words revealed no age
differences in online text processing in the presence of distractor words. A free recall test showed that
older and younger adults’ memory for the texts was equally impaired by the presence of distractor in-
formation. The results are inconsistent with the assumption that age differences in reading-with-

distraction can be explained by a general decline in inhibitory attention.

Keywords: Inhibitory Deficit Theory, Moving Window Method, Cognitive Aging, Selective Atten-

tion, Text Comprehension
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Reading with Distraction: Similarities and differences between
older and younger adults

Cognitive aging is characterized by declines in various cognitive functions such as attention, mem-
otry, speech production, and comprehension (Light, 2000; McDaniel, Einstein, & Jacoby, 2008; Zacks,
Hasher, & Li, 2000). One of the most influential theoretical accounts of cognitive aging is the inhibi-
tory deficit theory (Hasher & Zacks, 1988). This theory proposes that the age-related changes in cogni-
tive functioning can be attributed to a general deficit in inhibitory attentional control over the contents
of working memory. Inhibitory control serves three functions, all of which are assumed to be deficient
in old age (Hasher, Zacks, & May, 1999). (1) The access function serves to prevent irrelevant information
from entering working memory; (2) the deletion function is responsible for deleting no longer relevant in-
formation from working memory; and (3) the restraint function suppresses dominant, but inadequate re-
sponse tendencies. The main focus of this article is on the acess function of inhibitory control. With a
deficit in this function, older adults are less able to inhibit the processing of extraneous distractors. As a
consequence, irrelevant information gains access to working memory, where it interferes with the proc-
essing of relevant information. A large amount of evidence supports the prediction of inhibitory defi-
cit theory that older adults should be more susceptible to distraction than younger adults. For instance,
older adults are more disrupted by meaningful irrelevant background speech than younger adults when
trying to memorize verbal material (Bell, Buchner, & Mund, 2008; Meijer, de Groot, Van Boxtel, Van
Gerven, & Jolles, 2006; Tun, O'Kane, & Wingfield, 2002; Tun & Wingfield, 1999).

One of the most frequently cited evidence for an age-related deficit in the access function is the find-
ing of age differences in reading with distraction (Hasher, Lustig, & Zacks, 2007; Lustig & Hasher,
2001; Lustig, Hasher, & Zacks, 2007; Zacks & Hasher, 1994; Zacks et al., 2000). In the reading-with-
distraction paradigm, each trial starts with a reading phase in which older and younger participants are
required to read short texts (printed in italic font) while ignoring distractor words in a distinct font style
(upright font), which are interspersed into the texts in the experimental conditions. Consistent with the

predictions of inhibitory deficit theory, several studies reliably found that older adults were slowed
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down more by the distractor words than younger adults (Catlson, Hasher, Connelly, & Zacks, 1995;
Connelly, Hasher, & Zacks, 1991; Darowski, Helder, Zacks, Hasher, & Hambrick, 2008; Duchek, Ba-
lota, & Thessing, 1998; Dywan & Murphy, 1996; Kim, Hasher, & Zacks, 2007; Li, Hasher, Jonas, Rah-
hal, & May, 1998). In most of the experiments, each reading phase is followed by a multiple forced
choice text comprehension test in which participants are required to identify previously read target
words among new and previously ignored distractor words. Some studies found evidence for age dif-
ferences in the disruption of text comprehension by distractors (Catlson et al., 1995; Kemper,
McDowd, Metcalf, & Liu, 2008), but generally, the results of the multiple forced choice text compre-
hension test are highly unreliable (Connelly et al., 1991; Duchek et al., 1998; Dywan & Murphy, 1996;
Feyereisen & Charlot, 2008; Kemper & McDowd, 2006; Mund, Bell, & Buchner, in press; Phillips &
Lesperance, 2003), possibly due to the poor psychometric properties of this test (Darowski et al.,
2008).

Thus, the conclusion that older adults are more impaired by the presence of distractor words when
reading is primarily based on the finding of age differences in the slowing of reading due to the pres-
ence of distractor words. Unfortunately, the interpretation of this finding is also not without problems.
Older adults are already slowed down in the control condition in which no distracting information is
present. Thus, the age-related increase in reading times in the distractor conditions could be attributed
to general cognitive slowing rather than to a problem with interference control. Most of the studies
using the reading-with-distraction task (Carlson et al., 1995; Connelly et al., 1991; Darowski et al., 2008;
Dywan & Murphy, 1996; Li et al., 1998) ignore this problem and fail to take general slowing into ac-
count when analyzing reading times (for exceptions, see Kim et al., 2007; Mund et al., in press).

A related problem of the classical reading-with-distraction task is that global reading time is a
rather coarse measure of distractibility. Inhibitory deficit theory allows to derive the more specific pre-
diction that older adults are slowed down because they spend more time looking at the distractor words
than younger adults. Furthermore, older adults’ reading times for the relevant target text should
increase disproportionately in the distractor conditions because of the additional effort that is required

to reconcile new information with distractor information previously encoded into working memory.
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Two eye-tracking studies (Kemper & McDowd, 2006; Kemper et al., 2008) allowed for the meas-
urement of reading times at the level of single words. Both studies provide little evidence for an age-
related deficit in inhibitory control. For instance, the study of Kemper and McDowd yielded no evi-
dence for age differences in eye fixations to distractor words. There were also no age differences in sus-
ceptibility to interference at the level of the global reading time. Older and younger adults were equally
slowed down by the presence of distractor words. The interpretation of these results, however, is com-
promised by the fact that Kemper and colleagues modified the original reading-with-distraction para-
digm by using single sentences in which they inserted single distractor words or phrases. This may have
increased the predictability of the location of the distractors, which is known to decrease age differ-
ences in distractibility (Carlson et al., 1995; Li et al., 1998). The comparably small distractor-to-target
ratio may also have decreased the likelihood of finding significant age differences in interference con-
trol. Finally, age differences in distractibility may be generally smaller when single sentences are used
instead of full texts (see Phillips & Lesperance, 2003) because this procedure may distract participants
from focusing on text comprehension, which may decrease interference by semantically related distrac-
tors.

In the present study, we used a procedure that was more similar to the original reading-with-
distraction paradigm (e.g. Carlson et al., 1995; Connelly et al., 1991; Dywan & Murphy, 1996; Li et al.,
1998) in that participants read whole texts in which large numbers of distractor words were inserted.
Therefore, pronounced age differences in the increase in reading times due to the presentation of dis-
tractor words were to be expected according to inhibitory deficit theory. A difference between the pre-
sent study and previous studies using the reading-with-distraction task is that we explicitly asked par-
ticipants to focus on text comprehension. Note that a focus on text comprehension should maximize
interference (and therefore, the probability of finding age differences in interference), given that text
comprehension should be much more difficult when distracting information is present, especially if the
distractor words are semantically related to the target text. As such, our experiment provides a sensitive
test of inhibitory deficit theory. To measure reading time for target and distractor words separately, we

used the moving-window method which has already been successfully applied to the examination of



Age Differences in Reading With Distraction Page 6

age differences in reading and text comprehension (Smiler, Gagne, & Stine-Morrow, 2003; Soederberg
Miller, Stine-Morrow, Kirkorian, & Conroy, 2004; Stine-Morrow, Milinder, Pullara, & Herman, 2001,
Stine-Morrow, Soederberg Miller, Gagne, & Hertzog, 2008). This method allowed us to test more spe-
cific hypotheses than most previous studies using the reading-with-distraction paradigm. Given that
readers process each word as soon as it is encountered, the reading time for a word reflects the intensity
with which it is processed (Just, Carpenter, & Woolley, 1982). If older adults process irrelevant material
more intensely than younger adults, they should show a disproportionate increase in reading times for
distractor words. Furthermore, we expected that reading of the target text would be slowed down in
the distractor conditions. This increase in reading time should be more pronounced for older than for
younger adults, because older adults should spend more time than younger adults trying to integrate

distractor information into the mental representation of the target text.

Method

Participants

48 community-dwelling older adults and 49 younger adults attended the experiment proper. Three
older adults were diagnosed with “mild cognitive impairment” in the dementia screening and thus were
removed from data analysis. The remaining 45 older adults (35 women) ranged in age from 60 to 86
years (M = 67.67, D = 5.80 ). The 49 younger adults (29 women) ranged in age from 18 to 30 years
M = 23.67, D = 2.73). Younger adults had more years of education than older adults, F(1,92) =

39.92, p < .01, n? = .30, but older adults performed better on a vocabulary test (MWT-A; Lehtl, 1989)

than younger adults, F(1,92) = 12.25, p < .01, n? = .12. Older adults had worse scores in the dementia

screening test (DemTect; Kalbe et al., 2004) than younger adults F(1,92) = 7.62, p = .01, n? = .08, but
the mean score of older adults (16.58 points) was well within the range of age-appropriate functioning
(13 to 18 points). Older and younger adults did not differ with respect to their self-assessed overall con-
tentment with life (1) = 0.91, p = .77. All participants were native German speakers. Participants with

a history of heart attack, stroke, brain trauma, alcoholism, Parkinson’s disease, pulmonary emphysema
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and those who had taken medication that could influence their cognitive functioning were excluded
from the study.

Materials

Previous research (Mund et al., in press) has shown that it is possible that age differences in visual
acuity may amplify age differences in the reading-with-distraction task. This problem must not be ig-
nored. Thus, when assessing interference in the reading-with-distraction task, it is necessary to control
for age differences in sensory capabilities. To this end, we used glasses with partial occlusion filters (Ry-
ser Optik; St. Gallen, Switzerland) to artificially reduce younger participants’ visual acuity. This method
was successfully applied in previous cognitive-aging studies to equate visual acuity between younger and
older adults (Lindenberger, Scherer, & Baltes, 2001; Mund et al., in press). There are several types of
partial occlusion filters that reduce visual acuity to different degrees. To eliminate differences in visual
acuity between the two age groups, younger participants were tested with filters that lowered their vis-
ual acuity to that of a (randomly) matched older adult. A computerized visual screening test (FrACT;
Bach, 2007) was conducted before and after younger adult’s visual acuity was adjusted. Visual acuity
was assessed using the same (24 inch) computer monitor that was also used for the experiment propet.
During the entire experiment, head position was fixed at a viewing distance of 110 cm to the computer
screen using a chin rest and a forehead rest. This distance was necessary to measure visual acuity up to
1.07 Snellen decimals in the FrACT.

For the reading-with-distraction task, the same 20 dictation texts were used as in Mund et al’s (in
press) study. The texts were selected from school books used in seventh or eight grade, each containing
00 words. The texts comprised 5 sentences (§D = 1) and 25 propositions (§D = 3) on average. For
three nouns of each text, two semantically related words were selected (e.g., Dschunge/ [jungle| and Tro-
pemwald [tropical forest] were selected for Regemwald [rain forest]). One of these three alternatives was
randomly selected for being used as an italicized target word that appeared at the correct position in the
text. In the related distractor condition, one of the other two alternatives was randomly selected to be
used as a distractor word, and the other was used as a control word for the analysis of the number of

intrusions (see the Procedure section). In the unrelated distractor condition, the distractor words (and con-
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trol words) were drawn from the five texts that were not selected for presentation. As in previous stud-
ies (Connelly et al., 1991; Kim et al., 2007), the target texts were presented in black italic Courier font (28
pt) on a white background. At the viewing distance of 110 c¢m, each character subtended about 0.29°
vertically and 0.21° horizontally. For each participant, 15 out of the 20 texts were randomly selected to
be used as target texts, with five texts being randomly assigned to one of the three distractor conditions
(continnous control, unrelated, related). In the continuous control condition, the target texts were written con-
tinuously and contained no distractor words. In the conditions with distracting material, 30 distractor
words (3 unique distractor words repeated 10 times) written in upright font were randomly interspersed
into the target text with the only restriction that no distractor word followed another distractor word
directly and that the first and the last word of the text were no distractor words. The texts were pre-
sented in random order.

Procedure

Participants were tested individually. The texts were presented using the moving-window method
(Just et al., 1982). To familiarize participants with the task, two short sentences (one sentence with and
one without distractor words) were presented. In a practice trial, participants read and recalled a text
comprising related distractor words. The practice trial was followed by the 15 experimental trials. Each
trial started with a blank screen. Upon a press on the space bar, dashed lines (the lengths of which cor-
responded to the to-be presented words) appeared along with punctuation to indicate the spacial con-
figuration of the whole text. Each text started with an asterisk that was shown when participants first
pressed the space bar. When participants pressed the space bar again, the asterisk was replaced with a
dash and the first word of the text was presented. With each subsequent key press, the previously
shown word was masked (by replacing its letters with dashes), and the next word was shown. In this
way, the words of the text were successively revealed. The last word of a text was also followed by an
asterisk, indicating the end of the text. Participants were instructed to press the space bar with the in-
dex finger of the dominant hand. Instructions emphasized text comprehension. The participants were
told to read the italicized texts quietly at a comfortable pace, and not to make any pauses. They knew

that they would have to ignore all distractor words printed in upright font.
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The reading phase was followed by a free recall test. We used a free recall test instead of the multi-
ple forced choice recognition test (used in previous studies; Carlson et al., 1995; Connelly et al., 1991;
Duchek et al., 1998; Dywan & Murphy, 1996; Mund et al., in press) because it provides a more reliable
and more valid measurement of text comprehension (Mund, Bell, & Buchner, 2010). The free recall
test started with a question mark appearing in the middle of the screen. This was the signal for partici-
pants to recall the target text with as many details as possible. Participants’ answers were recorded by
the computer’s built-in microphone for later transcription and scoring. When participants felt that they
could not remember any more details, they pressed the space bar to initiate the next trial.

For scoring purposes, we performed a propositional analysis on the texts using the system of
Turner and Greene (1987) that is based on the text-comprehension model of Kintsch and van Dijk
(1978). Participants’ answers were transcribed and compared to the template text bases using a gist-
based scoring criterion. Thus, propositions comprising synonyms of to-be recalled words were scored
correct. To increase the reliability and validity of the scoring procedure, we used the Prgjekt Deutscher
Wortschatz database (http:/ /wortschatz.uni-leipzig.de/) to identify synonyms. The database is based on a
huge collection of texts from various sources (e.g., newspaper articles, webpages) and thus represents a
large portion of current-day word usage (see Biemann, Bordag, Heyer, Quasthoff, & Wolff, 2004). To
evaluate the reliability of the propositional scoring procedure, the 90 recall protocols of six randomly
selected participants (3 younger and 3 older adults) were scored by an independent rater. Inter-rater
agreement, as assessed by the kappa-coefficient (Cohen, 1960), was ® = .93 (i.e., "almost perfect" Lan-
dis & Koch, 1977).

To detect distractor intrusions, the words of the recall protocols were automatically compared to
the word stems of the distractor words and the control words using a computer program. If a word in
the recall protocol matched the word stem of a distractor word, the word was scored as an intrusion.
However, not all distractor intrusions may be due to aftereffects of distractor presentation. For in-
stance, in the related distractor condition, participants may paraphrase and add new information that
may coincidentally match the distractor words. To control for spontaneous use of distractor words, we

also analyzed intrusions from control words that were not presented as distractors. In both distractor
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conditions, it was randomly determined whether a specific word would be used as a distractor or as a
control word. Therefore, differences in the rate of intrusions between these two types of words can
only be attributed to aftereffects of distractor word presentation in the reading phase.

Design

A 2 X 3 design was used with group ( younger vs. older) as a between-subject factor and distractor

condition (continuous control vs. unrelated vs. related) as a within-subject factor. The dependent variables
were the reading times, the proportion of correctly recalled propositions, and the number of intrusion
errors. Given a sample size of 94 and assuming a correlation of p = .5 among the levels of the within-
subject factor, an effect of size /= 0.17 (i.e., between small and medium effects as defined by Cohen,
1988) could be detected for the interaction between group and distractor condition with a probability

of 1-f =.95 (Faul, Erdfelder, Lang, & Buchner, 2007).
Results

Treatment check of the visual acuity manipulation

When younger adults were tested without partial occlusion filters before visual acuity adjustment,
visual acuity was worse for older (Md = 0.80) than for younger adults (Md = 1.07), z = -6.42, p < .01.
When younger adults were tested with partial occlusion filters, visual acuity was the same for older (Md
= 0.83) and younger adults (Md = 0.79), z = -0.32, p = .75, confirming that we succeeded in equating
visual acuity between older and younger adults.

Reading times

Given that previous studies using the reading-with-distraction paradigm did not allow for a sepa-
rate measurement of reading times for target and distractor words, the conclusions of these studies are
based on the analysis of the total-text reading times (Catlson et al., 1995; Connelly et al., 1991; Da-
rowski et al., 2008; Duchek et al., 1998; Dywan & Murphy, 1996; Kim et al., 2007; Li et al., 1998; Mund

et al.,, in press). To allow for a comparison of these results with those of the present study, we start by
reporting the analysis of the total-text reading times. A 2 X 3 repeated-measures MANOVA with age

group (younger vs. older) and distractor condition (continuous control vs. unrelated vs. related) as independent
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variables revealed significant main effects of age group, F(1,92) = 30.67, p < .01, 02 = .25, and distrac-

tor condition, F(2,91) = 367.39, p < .01, m? = .89. As was to be expected, older adults read slower than

younger adults. Furthermore, reading times were slower in the distractor conditions than in the control

condition. The interaction between age group and distractor condition was also significant, F(2,91) =
7.45, p < .01, n? = .14. Older adults were slowed down more by irrelevant information than younger

adults (Figure 1). So far, the results perfectly replicate those obtained in previous studies (Carlson et al.,
1995; Connelly et al., 1991; Darowski et al., 2008; Duchek et al., 1998; Dywan & Murphy, 1996; Kim et
al., 2007; Li et al., 1998; Mund et al., in press). This finding has been repeatedly accepted as evidence
for a general decline of inhibitory control in old age.

The moving-window method applied in the present study allows us to go one step further and to
analyze reading times for target and distractor words separately. First, we analyzed reading times for

the target words (Figure 2, upper panel) to examine whether older adults’ reading of target words
would be disproportionally slowed by the presence of distractor information. A 2 X 3 MANOVA re-
vealed significant main effects of age group, (1,92) = 26.28, p < .01, 02 = .22,—older adults read the
target words more slowly than younger adults—and distractor condition, F(2,91) = 8.45, p < .01, =
.16. Specifically, reading of target words was slowed down in the distractor conditions compared to the
control condition, F(1,92) = 17.08, p < .01, n? = .16, and the distractor conditions did not differ from
each other, F(1,92) = 0.02, p = .90, n? < .01. Most importantly, there was no interaction between age
group and distractor condition, F(2,91) = 0.71, p = .50, n> = .02. Thus, the increase in reading times for

target words in the distractor conditions was the same for older and younger adults. This refutes the
hypothesis derived from inhibitory deficit theory that older adults should spend more time looking at
the target text when the text comprises distracting information.

Next, we analyzed reading times for the distractor words to see whether older adults spend more

time looking at distractor words than younger adults (Figure 2, center panel). A 2 X 2 MANOVA

showed that older adults spent significantly more time looking at distractor words than younger adults,
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F(1,92) = 39.02, p < .01, n?= .30, and that participants looked longer at related distractor words than at
unrelated distractor words, F(1,92) = 16.05, p < .01, n? = .15, but there was no interaction between age

group and distractor condition, F(1,92) = 1.58, p = .21, n? = .02. At first glance, one might be tempted

to attribute the age difference in distractor word reading time to a more intense processing of distractor
information in old age due to a deficit in inhibitory control. However, we know from the previous
analyses that older adults read more slowly in general than younger adults. Therefore, the finding of
longer reading times for distractor words in older adults is not surprising. It is more surprising that age
differences in reading times for distractor words are comparatively small. At a descriptive level, the age
differences in reading times for distractor words (271 ms; a 36.4% increase of reading times of the
older participants over that of the younger participants) were much less pronounced than the age dif-
ferences in reading times for target words in the control condition (417 ms; a 50.9% increase of reading
times of the older participants over that of the younger participants). Furthermore, note that both
older and younger adults spent much less time looking at distractor words than looking at target words,
suggesting that both age groups seem to be able to discriminate between target and distractor words,
and to stop processing of the distractor information. If cognitive aging was primarily characterized by a
problem with inhibitory control, we would expect that age differences are most pronounced for the
reading times of the distractor words. However, the results are clearly inconsistent with the assumption
that older adults spend disproportionally more time looking at distractor words than younger adults.

Given that the two previous analyses of reading times at the level of single words showed no evi-
dence for an age-related deficit in inhibitory control, we conclude that the interaction between age
group and distractor condition for the total-text reading times can be simply attributed to general slow-

ing. This assumption was confirmed by an analysis of the mean reading time per word (i.e., the total-
text reading time divided by the number of words presented; Figure 2, lower panel). A 2 X 3 MANOVA
revealed a main effect of age group, [(1,92) = 30.35, p < .01, n? = .25, showing that older adults were
slower than younger adults. The main effect of distractor condition was not significant, F(2,91) = 1.87,

p = .16,m?= .04. There was no interaction between age group and distractor condition, F(2,91) = 1.53,
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p = .22,m%>= .03. This finding suggests that there is no age-related increase in reading times in the dis-

tractor conditions at all. The interaction between age group and reading time that was obtained in the
analysis of the total-text reading times (that was previously interpreted as an evidence for age-related
inhibitory decline, see Hasher et al., 2007; Lustig & Hasher, 2001; Lustig et al., 2007; Zacks & Hasher,
1994; Zacks et al., 2000) seems to be solely due to older adults being generally somewhat slower than
younger adults.

The within-trial modulation of distraction

We also analyzed the pattern of reading times across the 10 repetitions of each distractor word in a
text to see whether this analysis would reveal evidence for age differences in the processing of distrac-
tor information. We suspected that reading times for distractor words would decrease with repetition
because participants would adapt to the repeated presentation of the distractors. This distractor repeti-
tion effect might be stronger for younger than for older adults. This hypothesis was based on the re-
sults of McDowd and Filion (1992), who had found that both younger and older adults showed an ini-
tial orienting response to novel auditory distractors, but younger adults habituated more quickly to the

distractors than older adults. Figure 3 shows the reading times of distractor words as a function of dis-
tractor condition and repetition. These data were analyzed using a 2 X 2 X 10 MANOVA with age
group (older vs. younger), distractor condition (unrelated vs. related), and distractor repetition (1 to 10) as
independent variables. In both age groups, reading times of unrelated and related distractor words de-
creased as a function of distractor repetition, F(9,84) = 11.18, p < .01, n? = .55. This finding suggests
that the efficiency with which the distractors can be rejected improves with repetition. It seems that
both younger and older participants got used to the distractor word and learned to reject the distractor
word more quickly. The decrease in reading times for distractor words did not differ between younger
and older adults, F(9,84) = 0.73, p = .69, 1> = .07. This finding corroborates the conclusion drawn from

the previous analyses that the processing of distractor information does not differ between younger

and older adults.
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A similar analysis was performed on the reading times for the target words. The target text was

subdivided into ten consecutive text segments, each consisting of six words. Reading times for the tar-

get segments were analyzed using a 2 X 3 X 10 MANOVA with age group (o/der vs. younger), distractor

condition (continnons control vs. unrelated vs. related), and text segment (1 to 10) as independent variables.

There were main effects of age group, F(1,92) = 26.28, p < .01, n? = .22, distractor condition, F(2,92) =

8.46, p < .01, n?= .16, and text segment, [1(9,84) = 14.36, p < .01,n? = .61. Figure 4 shows that reading

time for the first target text segment was comparatively fast, probably reflecting the fact that working
memory load is relatively small at the beginning of the text. Reading times for target words slowed
down across the first text segments, probably reflecting an increase in working-memory load as a func-
tion of the increased number of semantic concepts that had to be integrated into the mental represen-
tation of the target text (Haberlandt & Graesser, 1989; Stine-Morrow et al.,, 2001). The subsequent
increase in reading speed can be explained by assuming that the reading process gets more efficient
when the readers can use their knowledge about the gist of the text to facilitate the integration of new
information (Soederberg Miller et al., 2004; Stine-Morrow et al., 2008). At the end of the text, partici-
pants are known to recapitulate the text content before the recall phase (Haberlandt, Berian, & Sand-
son, 1980), resulting in a pronounced increase in reading time (Haberlandt & Graesser, 1985; Just et al.,
1982). Thus, reading times for the target words show a markedly different course than reading times of
the distractor words, showing that the decrease in reading times for distractor words cannot be simply
attributed to a general decrease of reading times during the course of a single trial. There was a signifi-
cant interaction between distractor condition and text segment, F(18,75) = 2.62, p < .01, n*= .39. The
difference in reading times between the distractor conditions and the control conditions is most pro-
nounced in the first half of the text and is markedly reduced in the second half of the text. This sug-
gests that the influence of the distractor information on text comprehension decreases, consistent with
the finding that the efficiency with which the distractors can be rejected increases with distractor repeti-
tion. Yet again there was no evidence that the distraction effect differed between younger and older

adults in that there was no three-way interaction between age group, distractor condition, and text seg-
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ment, F(18,75) = 1.36, p = .18, 12 = .25. Further evidence against the assumption of age differences in

distractibility in the processing of distractor information derives from the fact that there were no age
differences in the increase of reading times at the end of the text that can be explained in terms of an
intensive recapitulation process that serves to organize and integrate the mental representation of the
whole target text before recall. A priori, one could have expected that this recapitulation process would
be especially slowed down in older adults trying to reconcile distractor information with the mental
representation of the target text, but there is no indication for such an age difference even at a descrip-
tive level.

Recall performance

Next, we analyzed performance in the free-recall test. The proportion of correctly recalled
propositions was analyzed using a 2 X 3 MANOVA with age group (younger vs. older) and distractor con-
dition (continnons control vs. unrelated vs. related) as independent variables (Table 1). Older adults recalled

fewer propositions than younger adults, F(1,92) = 22.10, p < .01, n? = .19, but there was neither a main
effect of distractor condition, F(2,91) = 0.34, p = .97, 1? < .01 nor a significant interaction between age
group and distractor condition, F(2,91) = 2.43, p = .09, n? = .05. This suggests that older adults’ com-

prehension of the target text (and subsequent recall of this text) was not affected by the presence of
distractor words. This finding refutes the hypothesis derived from inhibitory deficit theory that older
adults’ text comprehension would suffer when distracting information is present.

The analysis of the intrusion errors showed that older adults made more intrusions from related
distractor words than younger adults, F(1,92) = 17.58, p < .01, n?= .16 (Table 2). Given that there were
no age differences in the number of intrusions from semantically related control words, F(1,92) = 1.88,
p = .17, n? = .02, this finding cannot simply be attributed to older adults paraphrasing more than

younger adults. Unrelated distractor words were reproduced less frequently (Table 2). Nevertheless, the

same data pattern was found for unrelated distractor words as for related distractor words. Older adults

reproduced more unrelated distractor words than younger adults, F(1,92) = 7.90, p = .01, n? = .08, and
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there was no age difference in the number of intrusions from unrelated control words, F(1,92) = 2.11,

p = .15,m?= .02. These results are consistent with findings of Mund et al. (2010), who found equally
large age differences in the number of intrusions from distractor words.

Discussion

The present study provides more detailed insights into the reading-with-distraction paradigm than
most previous studies. The analysis of total-text reading times replicated previous findings (Carlson et
al,, 1995; Connelly et al., 1991; Darowski et al., 2008; Duchek et al., 1998; Dywan & Murphy, 1996; Kim
et al., 2007; Li et al., 1998; Mund et al., in press) that older adults were slowed down by the presence of
distractor words to a larger degree than younger adults. In the past, this finding was widely accepted as
empirical evidence in favor of the assumption that older adults suffer from a general deficit in inhibi-
tory attention (Hasher et al., 2007; Lustig & Hasher, 2001; Lustig et al., 2007; Zacks & Hasher, 1994;
Zacks et al., 2000). In the present study, we extended the reading-with-distraction paradigm, using the
moving-window-method to examine reading times at the level of single words. This allowed for a
more fine-grained analysis of the reading times in the reading-with-distraction paradigm. Most impor-
tantly, reading times for distractor words and target words were analyzed separately. The results of
these analyses showed that at the level of reading individual words, older and younger adults were
equally slowed down by the presence of distractor material, suggesting that there were no age differ-
ences in the disruption of online text processing, This interpretation was corroborated by the analysis
of propositional recall that yielded no evidence for the assumption that older adults’ text comprehen-
sion, or subsequent memory for the texts, was impaired by the presence of distractor material. Older
adults took somewhat more time than younger adults to process distractor words, but this age differ-
ence was rather small and can be attributed to general slowing. When the mean reading time per word
was analyzed (i.e., the total-text reading time divided by the number of words presented), there was no
evidence for disproportional age-related slowing in the distractor conditions at all. The more pro-
nounced increase in older adults’ reading times in the distractor conditions was thus most likely due to
general cognitive slowing and not due to specific age-related problems with interference control. There

were also no age differences in the decrease of the distraction effect during the course of each trial.
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These results are clearly inconsistent with the predictions derived from inhibitory deficit theory. Fur-
thermore, this pattern of results suggests that the evidence for an age-related increase in distractibility
in the reading-with-distraction paradigm obtained in previous studies should be interpreted with ex-
treme caution because most of these studies (Catlson et al., 1995; Connelly et al., 1991; Darowski et al.,
2008; Duchek et al., 1998; Dywan & Murphy, 1990) failed to take general slowing into account.

The present results are largely consistent with the findings of Kemper and McDowd (2006), who
found no evidence for an age-related inhibitory deficit in the reading-with-distraction paradigm using
eye-tracking technology. Older adults did not spend more time fixating distractors than younger adults,
and there was also little evidence for age differences in online processing of target text in the presence
of distracting information. In the introduction, we have explicated that these null findings could also be
attributed to the fact that Kemper and McDowd used a modified reading-with-distraction paradigm
that may be less sensitive to age differences in susceptibility to interference. In the present study, in
contrast, we maximized the likelihood of finding significant age differences in interference by using
unpredictable distractor locations, a higher distractor-to-target ratio, longer texts, and instructions that
focused on text comprehension. Although inhibitory deficit theory cleatly predicts large age differences
in interference under these conditions, we found evidence against age differences in the disruption of
online text processing by distractor words.

This is not to say that age differences in selective attention do not occur at all. In the reading-with-
distraction paradigm, there is some evidence suggesting that older adults are less able than younger to
stop the vocalization of the distractor words when reading texts with distractors aloud (Connelly et al.,
1991; Dywan & Murphy, 1996) 1. Furthermore, in the present study, older participants were more likely
than younger adults to make intrusions from the to-be ignored material when trying to recall the target
texts. It is interesting that these age differences in memory occurred even though there is no evidence
for age differences in online processing of distractor information. This is consistent with other studies
showing that voicing of the distractor words did not predict the number of memory intrusions (Con-

nelly et al.,, 1991; Dywan & Murphy, 1996). According to Dywan and Murphy, the age differences in
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distractor intrusions can be attributed to older adults’ problems with remembering the source of the
distractor information rather than to age differences in online distractor processing,

The conclusion that has to be drawn from these findings is that there is no general deficit in inhibi-
tory attention that leads to a general age-related increase in the susceptibility to interference. Instead,
cognitive aging is characterized by well defined deficits in specific functions of interference control.
This fits with other research suggesting that inhibition is not a unified construct (Kramer, Humphrey,
Larish, & Logan, 1994), with age differences in some functions associated with interference control
(e.g, Bell et al., 2008; Titz & Verhaeghen, 2010), but not in others (e.g., Bell & Buchner, 2007; Murphy,
McDowd, & Wilcox, 1999; Van Gerven, Meijer, Vermeeren, Vuurman, & Jolles, 2007; Verhaeghen &
De Meersman, 1998). The present results extend these findings by showing that the assumption of a
general deficit in inhibitory attentional control in old age does not provide a satisfactory account of the
pattern of age differences in the reading-with-distraction task. This is particularly interesting because
the age differences in this paradigm have been repeatedly cited as a key finding supporting inhibitory
deficit theory. This situation is strikingly parallel to the state of affaires in the negative priming para-
digm, which has also been cited as primary evidence for a general age-related deficit in inhibitory atten-
tion (Connelly & Hasher, 1993; Hasher, Stoltzfus, Zacks, & Rypma, 1991) before a number of studies
showed age-related stability in the size of the negative-priming effect (e.g,, Buchner & Mayr, 2004,

Gamboz, Russo, & Fox, 2002).
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Footnotes

! This was also confirmed by a reanalysis of the results of Mund et al. (in press), which also showed

that older adults were more likely than younger adults to start articulating the distractor words.
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Table 1

Proportion of correctly recalled propositions as a function of age group and distractor condition. The numbers in
parentheses represent the standard errors of the means.

Distractor Condition Age Group
Younger Adults Older Adults
Continuous Control 35.33 (1.91) 25.83 (1.99)
Unrelated 36.45 (2.01) 24.18 (2.10)

Related 37.62 (1.94) 23.44 (2.03)
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Table 2

Number of intrusion errors as a function of group, distractor condition, and error type. The numbers in parentheses
represent the standard errors of the means.

Distractor Condition Error Type Age Group
Younger Adults Older Adults
Distractor Words 2.84 (0.34) 4.91 (0.36)
Related
Control Words 1.08 (0.106) 0.76 (0.17)
Distractor Words 0.31 (0.15) 0.91 (0.15)
Unrelated

Control Words 0.14 (0.05) 0.04 (0.05)
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Figure Captions

Figure 1: Mean total-text reading time as a function of age group, and distractor condition. The er-
ror bars represent the standard errors of the means.

Figure 2: Mean reading time per word as a function of age group, distractor condition, and word
type. Upper panel: Mean reading times for target words. Middle panel: Mean reading times for distrac-
tor words. Lower panel: Mean reading time per word (i.e., the total-text reading times divided by the
number of words presented). The error bars represent the standard errors of the means.

Figure 3: Mean reading times for distractor words as a function of age group, distractor condition,
and repetition. Left panel: Mean reading times for unrelated distractor words. Right panel: Mean read-
ing times for related distractor words. The error bars represent the standard errors of the means.

Figure 4: Mean reading times for target words as a function of age group, distractor condition, and

text segment. The error bars represent the standard errors of the means.
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