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Four experiments were conducted to investigate whether a modality-specific familiarity contributes
to feature and conjunction errors and, hence, to recognition memory. In each experiment, the
presentation modality of compound words was manipulated at study (auditory or visual), and in
Experiment 2 the presentation modality for the test also was manipulated. In Experiment 3,
participants were pushed to respond quickly in order to create a reliance on familiarity rather than
recollection. In Experiment 4, a direct manipulation of response deadline was employed. Across
experiments, auditory and visual tests did not produce different hit rates or feature and conjunction
error rates, and shifts in study-to-test modality did not affect hit rates or feature and conjunction error
rates. The response deadline manipulation of Experiment 4 affected old/new discrimination but not
feature and conjunction effects (feature/new and conjunction/new discrimination), producing a
dissociation. Unlike implicit perceptual memory, modality information does not appear to contribute
significantly to the familiarity underlying feature and conjunction errors. The familiarity underlying
feature and conjunction errors, and thus in recognition memory, is different from the familiarity
underlying perceptual implicit memory.e 2001 Academic Press
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A renewed interest in false memory phenomtest. For example, the presentation of stud
ena has attracted much attention and hagord primes such agemstone, heartburgnd
spawned several articles—enough to warranté@rumbeatbias participants to falsely judge test
special issue oflournal of Memory and Lan- lures such asheadstone(part old, part new;
guage(1996) on illusory memories. The expercalled a feature lure) oheartbeat(both parts
iments in this article add to research on a papld but rearranged; called a conjunction lure) a
ticular false recognition phenomenon. In thisaving been presented in the earlier study pha
research, items presented during a study phagenderwood, Kapelak, & Malmi, 1976; Reinitz,
serve as primes for lures on a later recognitionammers, & Cochran, 1992). Typically, partic-

ipants correctly identify old words at a greatet
_ We thank Naomi Galvez fo_r her assistance with the audipate than they misidentify conjunction, feature.
files and James Bartlett, David Harper, Neal Kroll, Johanna . .
Nordlie, and Mark Reinitz for their comments on versiondl NEW words. Conjunction errors are prOduce'
of this article. Experiments 1-3 were supported by a Nat @ higher probability than feature errors, whict
tional Science Foundation grant (SBR 9596209) to thin turn, are produced at a higher probability thar
Sez\?ig?ezzt:g:}es ondence and reprint requests to Todd flew words (O|d> ConjunCtion > feature >
Jones, School of FI)DsychoIogy, Victgria Uni%ersity of Well-ﬁew)' Conj_unctlon error_s ha\_/e be(__‘\n obtaine
ington, P.O. Box 600, Wellington, New Zealand. E-mail:With & variety of materials, including words
todd.jones@vuw.ac.nz. (e.g., conjunction of syllables; Underwood &
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Zimmerman, 1973; Reinitz et al., 1992), comiwo separate featuregemand stone.In addi-
pound words (Ghatala, Levin, Bell, Truman, &tion, these two features could be bound to forn
Lodico, 1978; Underwood et al., 1976), worda configurative representatiogemstoneRec-
phrases (Underwood et al., 1976), face drawegnition of old words is suggested to be base
ings (Reinitz et al., 1992; Reinitz, Morrisey, &on both features and configurations. False re
Demb, 1994), photographs (Bartlett & Searcypgnition of conjunction lures is thought to be
1998), and abstract pictures (Kroll, Knight,based on either features in the absence of co
Metcalfe, Wolf, & Tulving, 1996). In addition, figurations (e.g., Kroll et al., 1996; Reinitz et
conjunction errors have been obtained for difal., 1992, 1996) or inaccurate configuration:
ferent subject groups (e.g., normal young adultermed during encoding (Kroll et al., 1996).
and amnesics, Kroll et al., 1996; Reinitz, VerThe rate of old word recognition is typically
faellie, & Milberg, 1996; young and older greater than the rate of conjunction errors be
adults; Kroll et al., 1996; Rubin, Van Pettencause recognition of old words benefits from
Glisky, & Newberg, 1999). configurative representations in addition to fea
Two theoretical approaches have been usedres.
to explain conjunction errors. One view follows One hypothesis on conjunction errors pro
a representational approach (primarily), and theiotes the idea that the errors are produce
other view follows a procedural account. Thebecause of a failure to bind features togethe
representational viewpoint proposes the exigturing encoding or because a configuration hz
tence of specific types of memoriagpresenta- been forgotten (e.g., Kroll et al., 1996; Reinitz
tions (e.g., Kroll et al., 1996; Reinitz et al., et al., 1992, 1994, 1996). In other words, this
1992, 1994, 1996). In contrast, the procedurdlypothesis promotes the idea that conjunctio
approach focuses on tipgocesseivolved in a errors occur because a configurative represent
given memory task (e.g., Jones & Jacoby, 1997ion is unavailable. For example, for the study
Rubin et al., 1999) without making any claimswordsblackmailandjailbird, the featuredlack
about representations. In some sense the twadbird (and, presumablynail andjail) would
frameworks are similar. Both approaches usge available (and accessible) but the configur
two factors to explain conjunction errors. Whations, blackmail and jailbird, would not be
differs between the two views is how those twawvailable! In the absence of a configuration, the
factors are used to account for the errors. Fafyo featuresblackandbird, could be conjoined
example, the current state of the representguring retrieval, creating an illusion that the
tional viewpoint explains conjunction errors buiyord blackbird was presented earlier in the
neglects feature errors. Also, the representatudy phase. Feature errors have not been co
tional approach does not address potential diidered to be different from chance (Reinitz e
ferences in retrieval dynamics for the differeng|., 1992, 1996). Thus the theory has not bee
types of representations. In contrast, a duagteveloped to account for these errors.
process account explains both feature and con-an additional, but less developed, hypothesi:
junction errors and has different retrieval dyon conjunction error production was suggeste
namics for the different processes. Although wgy Kroll et al. (1996). In their proposal, con-
point out the differences between the two agunction errors may occur, in part, because th
proaches, the general distinctions are not falomponents of study primes are inappropriatel
apart in our view. bound during the study phase. For example, fc
The representational approach proposes twge study word$lackmailandjailbird the ele-
types of representations, features and configihentsblack and bird could be bound inappro-
rations (e.g., Kroll et aI., 1996; Reinitz et a|.,priate|y during encoding) form an inaccurate

1992, 1996). Features are lower level represeBonfigurative representation, blackbirdThis
tations and may be bound together to form more

global or configurative representations. FOr €X- : The terms “available” and “accessible” are used here it
ample, the wordyemstonavould be encoded as the same spirit as in Tulving and Pearlstone’s (1966) article
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binding error is supposed to occur when the twéamiliarity and recollection act in concert. Fea-
study episodes occur close together in timeture and conjunction errors are considered to b
(Because a feature lure contains an element tmased orfamiliarity in the absence of recollec-
the test that was not presented in the studjon. For feature and conjunction lures, famil-
phase, this errant binding hypothesis does narity with the component(s) presented in the
account for feature errors.) Two theoreticastudy phase pushes one to respond “old,” bt
mechanisms in the hippocampus were proposeecollection of the prior study word primes can
to be involved in the binding process, a bindingllow one to avoid an “old” response. There-
mechanism and a binding mechanism inhibitofore, familiarity and recollection are placed in
Essentially, the binding mechanism allows onepposition. Feature and conjunction lures in:
to bind elements of stimuli together, correctly ostate a greater level of familiarity than new
incorrectly, while the binding inhibitor protectswords, resulting in a false alarm rate for feature
one from inappropriately binding elements thaand conjunction words that is above baseline
do not belong together. The notion is that confWe refer to feature and conjunction error rate
junction errors occur due to a failure of theabove baseline as feature and conjunction e
binding inhibitor to hold the binding mecha-fects.) Because conjunction lures comprise tw
nism in check—a disinhibition of binding. Thisold components but feature lures comprise on
hypothesis was suggested in order to accouald component and one new component, cor
for some data from individuals with hippocam+unction lures engender greater familiarity thar
pal damage, but the same disinhibition of bindfeature lures. Finally, feature and conjunctior
ing was suggested to occur in normals, albeit &tres (e.g.plackbird may be poor cues for the
a lower rate. retrieval of study word primes (e.goJackmail

At this point a critical problem with the two or jailbird). For instance, feature and conjunc-
hypotheses developed under the represent@n lures may not spur retrieval of study prime
tional view is that no explanation is offered towords spontaneously. More impressively, de
account for the production of feature errors (Ruspite conditions that should encourage recollec
bin et al., 1999). Research conducted undertn (e.g., being informed of the feature anc
procedural approach, however, can account faonjunction lures), participants have committec
both feature and conjunction errors. Rubin antkature and conjunction errors (e.g., Kroll et al.
colleagues argued that feature and conjunctidi®96; Reinitz et al., 1992). Thus, conscious
errors are based on familiarity (though see Reirattempts to retrieve study primes often may b
itz et al., 1992). fruitless.

We support the idea that familiarity contrib- Both behavioral and neuropsychological dat:
utes to feature and conjunction errors, but weupport the recollection/familiarity distinction.
prefer a dual-process approach. Dual-proce3ypically, dissociations have been produced b
theory (e.g., Atkinson & Juola, 1974; Jacobyaffecting recollection, which is observed in the
1991; Jacoby, Yonelinas, & Jennings, 1997it rate, without influencing familiarity, which
Mandler, 1980, 1991; Yonelinas, 1997) prois characterized by a null effect on feature ant
poses that two processes, recollection and faenjunction error rates. For example, dividing
miliarity, provide independent bases for reattention at encoding (Reinitz et al., 1992) ha
sponding on a memory task. Recollection islecreased recognition of old words compared t
considered to be relatively slow and controlleda full attention condition but influenced feature
whereas familiarity is thought to be relativelyand conjunction errors relatively little, if at all.
fast and automatic (Atkinson & Juola, 1974 Similarly, a level of processing manipulation
Dosher, 1984; Hintzman & Curran, 1994;during encoding has affected old word recogni
Yonelinas & Jacoby, 1994). tion but not feature and conjunction error rate:

In a dual-process account, old words may bgReinitz et al., 1996). Older adults and amnesic
recognized based on either familiarity or recolhave produced lower old/new discrimination
lection (or both). Thus, for old word recognitionthan young adults or controls. In contrast, fea
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ture and conjunction error rates for older adultfactors involved in the production of feature anc
and amnesics have been equal to or greater theonjunction errors.
those for young adults or normal controls (Kroll The familiarity underlying feature and con-
et al., 1996; Reinitz et al., 1996; Rubin et al.junction memory errors of faces and other non
1999). Finally, event-related potentials for falsererbal stimuli is presumably perceptual. (This
alarms to feature and conjunction lures are digerceptual form of memory should not be con
tinguishable from those for hits to old wordsfused with conjunction errors from perception
(Rubin et al., 1999). In Rubin and colleagueséxperiments; e.g., Prinzmetal, Presti, & Posne
work, measures of frontal lobe and medial tem1986; Treisman & Schmidt, 1982; Treisman &
poral/diencephalic function were related to fals&outher, 1986). However, the familiarity under-
alarm rates but not the hit rate. lying feature and conjunction errors of com-
A concept often associated with or equated tpound word stimuli could be perceptual, lexical,
familiarity is processing fluency (e.g., Carrol &conceptual, or any combination of the three. O
Kirsner, 1982; Jacoby & Dallas, 1981;the conceptual front, recognition usually is af-
Johnston, Dark, & Jacoby, 1985; Wagner &ected more by conceptual than perceptual fac
Gabirieli, 1998; Whittlesea, 1993). Under a dutors (Wagner & Gabrieli, 1998), and semantic
al-process approach, perceptual fluency or faelateness can increase the likelihood of cor
miliarity is thought to be the basis for perceptuajunction errors (Ghatala et al., 1978).
priming on implicit memory tests (for reviews On the perceptual front, which is the focus of
on implicit memory, see Richadson-Klavehn &he present work, perceptual fluency can exe
Bjork, 1988; Roediger & McDermott, 1993;some influence on recognition judgement:
Schacter, 1987). Fluency also is thought to inkJohnston, Hawley, & Elliot, 1991; Johnston,
fluence recognition judgments. Although recogbark, & Jacoby, 1985; Rajaram, 1993; Whit-
nition fluency may be perceptual or conceptualesea, 1993), and a substantial conjunction e
(Luo, 1993; Whittlesea, 1993), the fluency/faror rate on recognition has been reported fo
miliarity that provides a basis for responding irconditions where semantic relatedness betwee
recognition may be “functionally and anatomi-study and test words was not a factor (Ghatala ¢
cally distinct” from the fluency/familiarity un- al., 1978). Johnston and colleagues’ conclude
derlying perceptual priming (Wagner & Gabri-that perceptual fluency may be most pro
eli, 1998, p. 211). Finally, feature andnounced when explicit memory (e.g., recollec
conjunction errors have been proposed to ken) is minimal. Given our position that feature
based on a “retrieval-based processing fluencghd conjunction errors are based on familiarity
(Rubin et al., 1999, p. 3). in the absence of recollection, Johnston an
The primary source(s) of familiarity or flu- colleagues’ conclusion seems to fit well with the
ency underlying feature and conjunction memidea that perceptual factors might be responsib
ory errors has remained unspecified. Undefer feature and conjunction errors. Although
wood and his colleagues (1976) attributed thperceptual priming for conjunction words has
production of conjunction errors to nonsemantibas been obtained inconsistently (Reinitz & Al-
factors (e.g., nonconceptual factors). Direct evexander, 1996; Reinitz & Demb, 1994; Reinitz
idence for this idea was obtained by Ghatala ett al., 1996), this inconsistency may simply
al. (1978), though they found that semantic correflect a lack of unitization of the conjunction
ditions could slightly influence the probabilitywords during the study phase (cf. Weldon
of conjunction errors. Certainly, Underwood1991). Thus, perceptual or lexical fluency (ot
and colleagues’ concept of “nonsemantic” facboth) probably contribute to feature and con
tors was broad, being defined as including “th@inction errors for compound words.
more or less raw perceptual responses involving Recognition hit rates have been found to b
visual-phonetic-articulatory  responses” (paffected by perceptual manipulations (e.g.
299). Surprisingly, though, no research has bedfirsner, 1973, 1974; Jacoby & Dallas, 1981;
designed to pinpoint the specific nonsemantiRajaram, 1993) and are thought to compris
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perceptual and conceptual (elaborative) pravenue to investigate whether a modality-spe
cesses (e.g., Gardiner, 1988; Gardiner & Parkigijfic familiarity contributes to recognition mem-
1990; Gregg & Gardiner, 1994; Jacoby & Dal-ory.
las, 1981; Mandler, 1980; Rajaram, 1993). The experiments described below were de
However, changes in study-to-test modalitgigned to test whether a modality-specific famil-
(e.g., aural study and visual test) do not alwayigrity contributes to feature and conjunction er-
affect recognition memory relative to a situatiorrors and recognition memory, in general. Twc
in which the study and test modality matchassertions were tested. First, the experimen
(e.g., visual study and visual test). Some rdested whether recognition familiarity is differ-
searchers have found an advantage on the kint from the perceptual fluency underlying per-
rate for words presented in the same study areg¢ptual priming (e.g., Wagner & Gabrieli,
test modalities (Gregg & Gardiner, 1994; Ja1998). Second, the experiments tested an ide
coby & Dallas, 1981; Kirsner, 1974), but other®n false recognition and the modality of study
have not (Challis et al., 1993; Gregg &presentation (Smith & Hunt, 1998).
Gardiner, 1994: Rajaram, 1993)Gregg and  Wagner and Gabrieli (1998) compared find-
Gardiner (1994) used the Remember/Know prdngs for implicit perceptual memory, conceptual
cedure (e.g., Gardiner, 1988; Tulving, 1985)mplicit memory, and familiarity-based recog-
and found a significantly higher proportion offnition on a number of dimensions. One manip
Know judgments, which are thought to provideJlation not addressed in their article was aura
an index of familiarity, for a modality-consis- Visual modality shifts from study to test.
tent condition when the study stimuli were preChanging the modality from aural study to a
sented relatively briefly and the orientation taskvisual) perceptual implicit test has been show
was perceptual in nature. On the other han@® Produce about half as much priming com-
Rajaram (1993) found no differences betweeRared to modality-consistent conditions (e.g.
Remember or Know judgments on moda"ty_\/isual study and visual test; perceptual identifi
consistent and modality-inconsistent conditiongation, Jacoby & Dallas, 1981; Kirsner, Milech,
One problem with previous recognition stud$ Standen, 1983; Rajaram & Roediger, 1993
ies is that any effect on perceptual familiaritvord stem completion, Graf, Shimamura, &
may have been obscured by recollection bequire, 1985; Jacoby, 1996; and word fragmer
cause the focus was on the hit rate. However, gompletion, Blaxton, 1989; Challis et al., 1993,
recollection and familiarity operate in concerfR@jaram & Roediger, 1993; Roediger & Blax-
for the identification of old words, then anyton, 1987). In contrast, as noted above, aura
influence on perceptual familiarity might beVisual modality effects have been small anc
clouded by a similar effect on recollection inconsistent on recognition tests. On the othe
What is needed is a way to tease apart tHeand, none of those studies used a method
separate influences of the two processes. opp_osition to separate the influences pf recol
The method of opposition (e.g., Jacoby',eCF'O” and familiarity. Thus, presentation mo-
1991) is a procedure that allows one to gaiff2lity, @ perceptual manipulation, might have ar
insight to the separate influences of recollectiofiffeCt 0N recognition familiarity similar to that
and familiarity. As already noted, feature and’ ImPplicit perceptual familiarity. The question
conjunction lures fulfill a condition of opposi- W&s: Would a change in study-to-test modality
tion. Familiarity pushes one to commit featurd®duce feature and conjunction error rates?
and conjunction errors, whereas recollection Finally, there has been little work on false
can be used to avoid such errors. ThereforkSCognition of words that includes a modality

feature and conjunction errors offer a uniqué“nanipulation_. One recent study that used th
Deese/Roediger and McDermott (1959/1995

® The difference in Jacoby’s study came in the form of Jalse memory paradigm obtained differences it

Modality X Word frequency interaction. A modality effect false recognition of critical lures for auditory
occurred for low- but not high-frequency words. and visual study lists (Smith & Hunt, 1998). A
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TABLE 1

Sample Design for Experiment 1

Item type Visual study Auditory study Test (visual) No. of test items

Old, auditory “lumberyard” lumberyard 10

Old, visual playmate playmate 10
Conjunction, auditory primes “buckwheat” buckshot 10

“slapshot”
Conjunction, visual primes checklist checkpoint 10
needlepoint
Conjunction, mixed primes drawbridge “shoestring” drawstring 20
New — — eyelash 20

Note. For the conjunction conditions, the order within each pair of study word primes was counterbalanced a
participants. Quotes indicate that a word was heard (but not seen).

much lower false alarm rate for critical luresone auditory), and new. The old words were
occurred when the study list was presented véivided so that one half of the old words was
sually. Smith and Hunt suggested that “visuastudied visually and the other half was studie
processing of the study items provides a bettewrally. The conjunction condition with both
basis for differentiation [between study itemsstudy primes presented in the same modalit
and critical lures] than does auditory presentawas divided so that one half of the study prime:
tion” (p. 714). This modality differentiation hy- was presented visually (both visual) and the
pothesis was tested in our experiments. If thether half was presented aurally (both auditory)
hypothesis extends to feature and conjunctiohhus, the six item types were old-aural study
errors, then one would expect participants told-visual study, conjunction-aural study
show a lower false alarm rate after a visuallyprimes, conjunction-visual study primes, con-
presented study list than an auditorially prejunction-one aural, one visual study prime, anc
sented study list. new words (see Table 1 for a sample of the
design).

EXPERIMENT 1 If conjunction errors are sensitive to study-

Three questions were addressed in the expdo-test shifts in modality, then aurally studied
iment. First, does changing the presentation mevords should produce a lower conjunction erro
dality from study to test affect recognition ofrate than visually studied words (e.g., transfe
old words? Second, is the familiarity underlyingappropriate processing; cf. Roediger & Blaxton
conjunction errors sensitive to shifts in study td987; Roediger, Weldon, & Challis, 1989). The
test modality? Finally, does mixing the presenmixed-modality conjunction condition pre-
tation modality of the study word primes (onesented an interesting situation. For that condi
prime visual and one prime auditory) reduce théon, one component of a conjunction test worc
probability of conjunction errors. would occur in the same modality as during the
In the design of the experiment, presentatiostudy phase (visual), but one component woul
modality of the study words was manipulatedccur in the other modality (aural). Again, if the
(aural or visual), but the presentation modalitamount of study-to-test overlap in modality is
of the test was always visual. There were fouimportant in the production of conjunction er-
basic conditions: old, conjunction where theaors, then one would predict that the mixed
study prime words were presented in the sanmmaodality condition would produce fewer errors
modality (both visual or both auditory), con-than the visual study/visual test condition bu
junction where the study prime words weraemore errors than the auditory study/visual tes
presented in different modalities (one visual andondition. In contrast, if conjunction errors oc-
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cur due to a binding process during encodingon condition in which the two study primes
(Kroll et al., 1996) then mixing the modality of were presented in the same modality, one lis
the study word primes might lead to fewer conwas presented visually, but the other list wa:
junction errors than when the two study primegresented auditorially. Thus, there were six iten
occur in the same modality (visual or aural)types: old-visual study, old-aural study, con-
Finally, if participants are better able to discrimjunction with both study word primes presentec
inate between old words and critical lures fowisually, conjunction with both study word
visual study conditions than for auditory studyprimes presented aurally, conjunction with
conditions, then the false alarm rate should b&tudy word primes presented aurally and visu
lower for the feature and conjunction lures in ally (one aural and one visual), and new. The
visual study condition (presuming no differencéwo nontarget words of each triplet served a:
in hit rates; e.g., Smith & Hunt, 1998). study word primes for the conjunction condi-
tions and were used during the study phas
Method only. The 8 lists were rotated through each o
Participants.The participants in all four ex- the four conditions so that each list occurred ir
periments were New York University under-each condition equally often across subjects. |
graduates who received credit toward an intrcaddition, the modality of the study words and
ductory psychology course as compensatiothe order of the study prime words were bal-
Each participant took part in only one of theanced across subjects. For example, for the co
four experiments. Thirty-two students particijunction condition where the study primes were
pated in Experiment 1. presented in different modalities, the design wa
Materials and equipmenThe same materials balanced for whether each study prime wort
and equipment were used in all four experiwas presented aurally or visually and for the
ments. Two hundred fifty-eight compoundpresentation order of the two study primes. The
words were used as stimuli. Each word wastudy primes were separated by an average |
recorded in an alto female voice and stored in athree intervening items, with a minimum of one
individual sound file (approximately 1.4 s inand maximum of five intervening items.
length) on a Pentium computer equipped with a A single study order based on item type (10(
VGA monitor and a soundcard. The entire set oftudy trials: 20 target words for the old condi-
compound words was composed of 80 sets ¢&ibns and 80 study primes for the conjunctior
compound word triplets (240 words) and 1&onditions) was constructed, and for each pal
buffer/practice test words. Each triplet includedicipant the program called the words from the
a target word (e.g.blackbird), which ranged appropriate lists for that counterbalancing as
from 6 to 11 letters long, and study word primesignment and placed them in the appropriat
(e.g., blackmail and jailbird), each of which item type “slots” of the study list. Thirty-two
overlapped the target word with regard to one dftudy list variations were used to balance th
its lexical components. The experiment was ruassignment of lists across the conditions. In th
by a program composed with Micro Experimenstudy list, no more than four trials within a
tal Laboratory software (MEL; Schneider,given modality and no more than two words
1990). within a given item type occurred consecu-
Design and procedureA repeated-measurestively. Six primacy and six recency buffers (half
design was used for the experiment. The 8Gisual and half auditory) preceded or followed
triplets were divided into 8 lists of 10 triplets, 2the study words.
lists for each condition (old, conjunction with In the study phase, participants were told tc
study primes presented in the same modalityead and listen to the words silently in prepara
conjunction with study primes presented in diftion for a later memory test. The participants
ferent modalities, and new). For the old wordswere not told about the various types of items
one list was presented visually, while the othethat they would encounter on the test. The stud
list was presented auditorially. For the conjuncwords were presented at a 3-s rate. This stuc
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rate was used by Underwood and colleagues iiod (in a sense, a long deadline procedure
their conjunction error experiments (Underdeserves some comment. Initially, a series C
wood et al., 1976; Underwood & Zimmerman,experiments was planned in which auditory tes
1973). Words presented visually were seen ioonditions and response deadline manipulatior
white lettering on a black background for 1.5 swere to be employed. (In fact, the order in
and words presented aurally were heard in amhich the experiments were conducted is dif
alto female voice for a duration of about 1.4 sferent than the order in which we present them.
To equate the timing for auditory and visualThe 1.5-s delay period in this experiment wa:
trials, the computer program allowed 1.5 s foused to achieve consistency across the serie
each sound file to be played. After the preserfor example, because of programming limita
tation of each study word, visual or aural, theréions, responses could not be collected while
was a 1.5-s intertrial interval. sound file was being played (approximately
After the study phase, participants received.4 s in duration). Thus, for auditory test con-
instructions for an 80-item, visual yes/no recogditions in other experiments, a minimum of a
nition test without mention of the conjunction1.42-s delay was needed.
lures. After the test instructions but before the ) )
test trials, a 16-item practice test was given. ThBesults and Discussion
old words on the practice test were buffers from The mean proportions of “old” responses for
the study list, and no conjunction lures were othe various item types can be seen in Fig. 1
the practice test. This same practice test alsthese proportions were based on all trials, re
was used in Experiments 2—4. For the actuglardless of whether the trial timed out. (The
test the order of the stimuli was the same fotime-out rate was extremely low, .01.) As ex-
each participant. (Note that a given stimulupected, old words were judged “old” at a rate
represented different item types across subjedtggher than that for conjunction lures, which in
because of the counterbalancing employed irn, were identified “old” at a rate higher than
the study phase.) Each test trial lasted 3.75 #)at for new words. The modality of the study
and the intertrial interval was 1 s. A test trialpresentation, however, had little effect on rec
was about the same duration as that in Undeognition for old or conjunction words. A repeat-
wood and colleagues studies (Underwood et abed-measures ANOVA on the six item types wa:s
1976; Underwood & Zimmerman, 1973). A tesitconducted on the mean proportions of “old”
word was presented for 1.5 s, during which timeesponses. The outcome of the ANOVA indi-
participants were to think about whether theated that at least two of the means differe
word was presented in the study phase. Aftesignificantly [F(5,155)= 37.19,MS, = .02],
1.5 s, the test word was replaced by a responaed a Tukey test demonstrated that the differ
signal (******), At the onset of the response ences between each of the general conditions-
signal, participants were given 1.5 s to enteold, conjunction, and new—was significant: old
their recognition judgment by pressing one oWord (aural= .68 and visuak .68), conjunc-
two keys (labeled “Y” for “Yes, the word is tion word (auditory study primes .48, visual
old” or “N” for “No, the word is not old”). study primes= .43, and mixed study primes
Failure to respond in the allotted time was not &45), and new word (.25){was set at .05 for all
large concern because mean response times iargalyses throughout the experiments).
similar experiment by Kroll and colleagues The modality manipulations failed to produce
(1996) ranged from 1.47 to 1.74 s. Neverthelesany significant differences. There was no differ-
if a response was not entered within 1.5 s, thence between the auditory and visual old wor
program provided visual feedback—a late sigitem types, and the visual and auditory conjunc
nal (“TOO SLOW")—for 750 ms. Otherwise, tion word primes produced conjunction errors a
the screen was blank for 750 ms after a responsenilar rates (.43 vs .48, respectively). Mixing
was entered. the modality of the study primes within the
The use of the 1.5-s poststimulus delay pestudy phase (one visual and one auditory) dit
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FIG. 1. Experiment 1: Mean proportion of “old” responses across item types. Error bars represent 95%
confidence intervals. Conj., Conjunction; A, Auditory study presentation; V, Visual study presentation; M,
Mixed study presentation (one auditory and one visual).

not reduce the conjunction error rate relativéures and an auditory test condition to further
to when the study primes were presented ipursue the questions regarding perceptual f:
the same modality (.44 vs .45, respectively)miliarity. (The conjunction condition with

Thus, no evidence was obtained for a percepnixed study primes—one auditory and one
tually specific component of familiarity in old visual—from Experiment 1 was dropped.) For
word recognition or conjunction error produc+he feature condition, test lures contained on
tion. In addition, if conjunction errors occuUr component of a prior study word and a new
due_ to an inap.propriate binding of the featureéomponent. We expected that the pattern c
during encoding (Kroll et al., 1996), thenieqits for feature errors would resemble
mixing the study modality of those cOmpO-y,qe for conjunction errors. However, be-
nents does not seem to influence the pmb%éuse there is less overlap between the stuc

b_|||ty of tho;e b_|nd|.ng_ errors. Finally, the and test components in a feature conditiol
visual modality discrimination advantage hy-

) : . relative to a conjunction condition, we ex-
ﬁgltgeshlczi(?“l;)y Ssur;ggrf‘”?nHfh”;t(lhgy%?ﬂ?:é?se%zcted the feature error rate to be less than tt

fewer errors should have been committed iffonjunction error rate (Cf_' Kroll et al., 1996;
the visual conjunction primes condition relaX€iNitz etal., 1992, 1996; Rubin et al., 1999)

tive to the auditory conjunction primes con-Again, proponents of representation theorie
dition. While the trend was in the directionthat use a feature/configurative distinctior
predicted by that hypothesis the differencdave not attempted to explain the occurrenc

was not significant f{(31) = 1.24, SE = of feature errors. However, procedural theo
.04]. ries do account for feature effects.

Almost all conjunction studies have used ¢

EXPERIMENT 2 visual study and a visual test phase. One exce

No modality effects were obtained in Ex-tion is a report of three experiments that use
periment 1. Experiment 2 included featureuditory presentations at study and test (Ghata
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et al., 1978) None of those experiments, how-structed so that no more than 2 trials of a givel
ever, manipulated presentation modality atem type and no more than 4 trials of a giver
study or test. Therefore, we manipulated thenodality occurred in a row. The computer pro-
presentation modality of words during the studgram called words from the appropriate lists (by
and test phases to allow for comparisons bgarticipant) into the appropriate “slots” of the
tween a visual and an auditory recognition testtudy list. For counterbalancing purposes, th
This experiment provided a stronger test ofwo study word primes for the feature word
whether fewer errors would be made for modaleondition were presented equally often in the
ity-inconsistent conditions (different modalitystudy phase (across participants) and for th
at study and test). Lower error rates for theonjunction condition the presentation order o
modality-inconsistent conditions would indicatethe two study primes was balanced (across pa
that the familiarity underlying recognition is theticipants). Also, the study primes for feature anc
same as that underlying perceptual priming. Theonjunction words were balanced for the pre
experiment provided another test of the visuaentation modality at study and test. Thes
discrimination advantage hypothesis (Smith &ounterbalances were accomplished across p:
Hunt, 1998). Under that hypothesis, fewer erticipants, resulting in 32 study list variations.
rors would be expected for feature and conjuncSpacing between the study word primes for th
tion lures whose components were presentembnjunction condition ranged from 1 to 5 inter-
visually during the study phase. vening words with a mean of 3 words. The sam
primacy and recency buffers from Experiment 1

Method were used before and after the critical stud
Participants. Sixty-four undergraduates par-trials.
ticipated. The study and test instructions, practice tes

Design and procedureéA 2 (Study modality: and critical recognition test for the visual test
aural vs visual)x 2 (Test modality: aural vs group were the same as those in Experiment |
visual) X 4 (Item type: old, conjunction, fea- For the auditory test group, the timing parame
ture, and new word) mixed design was useders were the same as the visual test group, b
Study modality and Item type were manipulateghe test words were presented aurally rather the
within participants, but Test modality was mavisually.
nipulated between participants. Thus the study-
to-test conditions for the visual test group wer&esults and Discussion
visual-to-visual and auditory-to-visual, and the The time-out rate was negligible (.01), and
study-to-test conditions for the auditory testhe mean proportions of “old” responses for the
group were auditory-to-auditory and visual-tostudy word conditions are presented in Table 2
auditory. Thirty-two participants were ran-As expected, the rate of responding “old” de-
domly assigned to each test group. creased across item types in the following ordel

Two lists of 10 critical words (20 items perold word (.69), conjunction lure (.48), feature
list) were assigned to each of the four conditiongire (.36), and new word (.26). However, the
(old, conjunction, feature, and new). For the&tudy and test modality manipulations appeare
old, conjunction, and feature conditions, half ofo have little influence on the probability of
the corresponding study words were presenteg|d” judgments. More importantly, the study
visually, while half of the words were presentednd test modality factors did not appear to pro
aurally (one list of 10 words for each item type)duce an interaction. A 2 (Test group)4 (Item
A single study order based on item type (8@ype) mixed ANOVA was conducted to estab-
trials: 20 target words, 20 feature word primesiish the differences between item types. Only
and 40 conjunction word primes) was conthe effect of Item type was significant

® Two participants with alexia (no agraphia) in Kroll et[F(3’186) = 158.99,MS, = '01]’ and a fq
al.’'s (1996) Experiment 1 were given visual word presenlOW-Up Tukey test showed that each of the iten
tations accompanied by aural presentations. type means was significantly different from the
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TABLE 2

Mean Proportion of “Old” Responses by Experiment, Test Procedure, Study-Test Modality, and Item Type

Item type
Deadline Study-test
Exp. procedure modality Old Conj. Feature New
2 Long A-A .70 .45 .32 .24
2 Long V-A .65 A7 .34 .24
2 Long V-V 72 .48 .38 .28
2 Long A-V .70 .50 .40 .28
3 Short V-V .65 .50 42 .36
3 Short A-V .59 51 44 .36
4 Long V-V .69 .40 .33 .27
4 Long A-V .70 .48 .38 31
4 Short V-V .61 49 .38 .30
4 Short A-V 72 .57 A7 .40

Note.Exp., Experiment; Conj., Conjunction; A, Auditory; V, Visual.

others. There was no significant difference beors are due to a either a disinhibition of binding
tween the false alarm rates to new items on thar a faulty retrieval process (e.g., conjoining
two tests [auditory vs visualt(62) = .92, features during retrieval), modality does not
SE = .04]. Therefore, to test the main effect ofplay a role in either explanation. Neither the
Study modality and the Study Test modality disinhibition of binding nor the availability hy-
interaction a 2 (Study modality)x 2 (Test pothesis accounts for the feature effects in th
modality) X 3 (Item type: old, conjunction, and experiment, whereas the familiarity/recollection
feature) mixed ANOVA was conducted on thedistinction does account for these effects.

hit and false alarm rates without any correction

for baseline false alarms. (Analyses conducted EXPERIMENT 3

on the corrected hit and error rates gave the We have proposed that feature and conjunc
same outcome.) None of the analyses involvintion errors are due to the influence of familiarity
study or test modality was significant (&ls < in the absence of recollection but that correc
1.59). Feature and conjunction errors occurreccognition of old words is based on the inde:
for both auditory and visual tests, with no mo{pendent contributions of familiarity and recol-
dality difference in error rates between the twdection working in concert. There were no mo-
tests, and cross-modal error rates were equivdality effects on feature and conjunction errors
lent to modality-consistent error rates. Finallyin Experiments 1 and 2, demonstrating that, &
although modality-consistent old words werdeast with those procedures, the familiarity un:
better recognized than modality-inconsisterderlying feature and conjunction errors is nof
old words, the differences were small, and theensitive to shifts in modality. Neither experi-
Modality X Item type interaction was not sig-ment, though, produced changes in familiarity
nificant. or recollection.

The absence of modality-shift effects sup- There is the possibility that the influences of
ports the idea that the familiarity underlyingboth recollection and familiarity are greater in
recognition is different than the familiarity un- modality-consistent conditions but that the twc
derlying perceptual priming. However, the lackorocesses offset each other. That is, greater f
of a modality effect on feature and conjunctiommiliarity in the modality-consistent condition
errors lends no support to the visual discrimieould increase the probability of feature anc
nation advantage hypothesis. Also, the lack of eonjunction errors, but greater recollection in
modality effect suggests that, if conjunction erthe modality consistent conditions could de-
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crease the probability of feature and conjunctioamount of time allotted to respond during the
errors, resulting in a null effect. The consetest. Relative to the results for the visual tes
quence of offsetting effects from recollectiongroup in Experiment 2, the hit rate (or old/new
and familiarity is that one may fail to detectdiscrimination) for the deadline group was ex-
increases in recollection and familiarity (Japected to be reduced. However, the critical in
coby, Jones, & Dolan, 1998). However, thigerest centered on the feature and conjunctic
problem can be overcome by manipulating arror rates. If both recollection and familiarity
variable known to reduce recollection but noare greater for modality-consistent conditions
familiarity. Therefore, we conducted an experbut the two processes are in opposition, a de
iment designed to attenuate the influence afrease in recollection could reveal a modality
recollection but leave the influence of familiar-shift effect on familiarity.
ity unchanged.

Within the recollection/familiarity frame- Method
work, several experiments have used a responseParticipants. Thirty-two students partici-
deadline manipulation to decrease the amoupated.
of time that participants have to rely on recol- Design and procedureThe experiment em-
lection, the slower of the two processes (e.gployed a 2 (Study modality: visual vs aural
Atkinson & Juola, 1974; Jacoby, 1999; Jacoby (Item type: old, feature, conjunction, and new
et al., 1998; McElree, Dolan, & Jacoby, 1999)word) repeated-measures design.
Recently, this type of procedure has allowed the The study phase was the same as that |
identification of separate, and sometimes offseExperiment 2. After the study phase participant
ting, effects on recollection and familiarity (Ja-received instructions for a speeded yes/no, vi
coby, 1999; Jacoby et al., 1998). For examplesual recognition test. Once again, there was
in series of experiments by Jacoby and cokention of the feature and conjunction lures. A
leagues (1998) study repetition increased bothn part of each recognition trial, a “get ready”
familiarity and recollection. In one experimentsignal (++++++) was presented for 500 ms,
the separate effects of study repetition on redellowed by a test word for 850 ms in the center
ollection and familiarity offset each other, re-of the computer screen. Participants were told t
sulting in a null result. In a following experi- try hard to respond within the 850 ms by press
ment, an increase in familiarity was observed bing one of two keys (labeled “Y” or “N”). If a
reducing recollection through the use of a reresponse was not made within 850 ms a lat
sponse deadline. Pushing participants to reignal was displayed, and no response was cc
spond quickly to recognition test probes (withidected. The late signal/postresponse delay (7-
750 ms) revealed an increase in familiarity foms) and intertrial interval (1000 ms) were the
study words presented three times compared $ame as those in the prior experiments, and tt
one time. Participants made more exclusion esame 18-word practice recognition test was ac
rors to the repeated study words. In contrasministered before the critical recognition test.
when participants waited to respond to recogni- _ )
tion probes (wait 1250 ms with a 750-ms refResults and Discussion
sponse window) fewer exclusion errors were The proportion of “old” responses for each of
made to repeated than to nonrepeated stimuli. the item types, broken down by study modality.
the wait condition, the increase in familiarity formay be seen in Table 2. Time-outs accounte
repeated stimuli, evidenced by the increase iior only a small proportion of trials (.04) and
exclusion errors for the deadline condition, waslid not vary much across study modality. There
countered successfully by an increase in recolvas only a slight difference in the time-out rate
lection. across the item types (.03 for old words, .04 fo

In the present experiment, we used the sanm®njunction words, .05 for feature words, anc
study conditions and procedure of the visual tesb5 for new words). As expected, old words
group in Experiment 2 but decreased thavere correctly identified (.62) at a higher rate
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than those for which conjunction, feature, andieature and conjunction conditions. However
new words were misidentified (.50, .43, and .3@nother possibility is that both familiarity and
respectively). Thus, despite the short responsecollection may facilitate feature and conjunc-
deadline, old/new discrimination was welltion errors. In that point of view feature and
above chance. In addition, both conjunction andonjunction conditions represent “in concert”
feature words were judged “old” at rates greatezonditions rather than opposition conditions.
than that for new words. A repeated-measures While a response deadline was used in EX
ANOVA on the four item types showed that atperiment 3, response deadline was not manipt
least two of the item type means were signifitated directly. Thus, no conclusion from Exper-
cantly different F(3,93) = 28., MS, = .01], iment 3 can be drawn on whether recollectior
and a follow-up Tukey test revealed that each gilays a facilitative role in feature and conjunc-
the pairwise comparisons was significant. tion errors. In this experiment, response deac
Of greater interest were the data based dme was manipulated to test this idea. The re
modality. Overall, study modality did not influ- sponse deadline manipulation also provided
ence the proportion of “old” responses given fostronger test of the disinhibition of binding hy-
the three studied conditions (old, conjunctionpothesis. If conjunction lures share the sam
and feature words). There was a small differrepresentational attributes as old words (e.g
ence in the hit rates for the two study modalitypoth based on feature representations and a cc
conditions, with visually presented words refigurative representation), then manipulation:
ceiving a higher proportion of “old” responseshat influence old word recognition should in-
than auditorially presented words. A 2 (Studyluence conjunction errors in the same manne
Modality) X 3 (Item type: old, conjunction, or We predicted that a short response deadlin
feature) repeated-measures ANOVA was comwould decrease the hit rate. Therefore, the dis
ducted to evaluate whether the study modalitnhibition of binding hypothesis predicts that a
influenced the proportion of “old” responsegesponse deadline also should decrease the cc
across item types, but neither the main effect géinction error rate.
Modality nor the Modality X Item type inter-  The design of Experiment 4 was similar to

action was significantf(1,31) = .29,MS, = that of Experiments 2 or 3, but response deac
.03; andF(2,62) = 1.12,MS, = .03, respec line was manipulated directly as a within-par-
tively]. ticipant variable. On half of the test trials par-

As in Experiment 2, changing the presentaticipants were pushed to respond quickly (shor
tion modality from study to test did not affectdeadline condition). On the other half of the tes
feature and conjunction error rates. (Althoughrials participants were forced to wait a short
changing the study-test modality decreased thmeriod of time before responding (long deadline
hit rate, the difference was not significantcondition). In order to accomplish this within-
t(31) = 1.50,SE= .04,p = .07,0ne-tailed.) participant design, a change was made to th
The hit rate was lower and false alarm rate fotest procedure. A response signal was used f
new words was higher than in Experiment 2all trials and the onset of that signal was varied
Thus, recollection was reduced. Despite lowdfor the short deadline trials the stimulus onse
old/new discrimination a shift in modality did asynchrony was 400 ms. For long deadline trial
not produce any reliable effects across the dithe stimulus onset asynchrony was 1800 m:
ferent study conditions. This result does nothis amount of time was slightly greater than in
support the idea that modality-consistent errongrevious experiments (1500 ms) in order tc
are based on both greater familiarity and recoprovide more time for recollection. The re-
lection than modality-inconsistent conditions. sponse signal was on the screen for 450 ms an

if necessary, a late signal appeared for 400
EXPERIMENT 4 after the response signal. A response was &

To this point we have maintained that recolfowed during the late signal to lower the time-

lection and familiarity oppose each other irout rate from Experiment 3.
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A final difference in procedure for this ex- TABLE 3
periment Change_d .the mOdal'ty_man'Pmat'on FO Mean Corrected Scores for Experiment 4 by Test
a between-participants manipulation. This  Procedure, Study-Test Modality, and Item Type
change allowed more responses in the deadline
conditions to be collected for each participantPeadline  Study-test

Perhaps more important, the change conform@{fcedure  modality  Old ~ Conj.  Feature
to the design c_)f Smith and.Hunts _(1998) false Long V-V 42 13 06
memory experiment. In their experiment, study | ong AV 39 17 07
words were presented in only one modality. In Short V-V 31 19 .08
our earlier three experiments, the study phaseShort AV 32 A7 .07

included both visual and auditory presentations.
To provide a better test of the visual discrimi-
nation advantage hypothesis, we wanted to test

the hypothesis under conditions that resembled _
their design. sponse signal was present. After 850 ms fror

the onset of a test word, the response signal w:
Method replaced by a late signal (!!!!!). The participants
were told that if the late signal appeared, the'
had waited too long to respond. If the late signa
appeared, a response was required immediate
so that a response could be collected. The la

(Response deadline} 4 (Item type: old, con- signal was displayed for 400 ms. This change i

junction, feature, and new) design. Study moprocegiure was designed to reduce very fast r
dality was a between-participants factor, bu?ponk()jlng Ece._g., helow 5b00 r?ls) e_md decrease i
Response deadline and Item type were withirﬁun_1 erho ltlme-_outsl( 3; allowing a re;zonse
participant factors. Thirty-two students were asaU"ng the late signal). If a participant did not
signed randomly to two groups (auditory studf”ter a response while either the response sigr
or visual study) or the late signal was present (a time-out), th

The same eigiht lists from Experiments 2 anfrogram continued to the next test trial. For the
3 were used. Four lists were used for the shoff"9 deadline trials, the delay period was in-

deadline condition, and the other four lists Werg_reased from 1500 ms to 1800 ms to allow mort

used for the long deadline condition. Each ofme for participants to use recollection as ¢

the 4 lists in each response condition was a22Sis for responding. The durations of the re
signed to one of the four item types: old, feaSPONS€ and late signals were the same in t
ture, conjunction, or new. Each list served irphOrt and long deadiine trials.
each condition as each item type equally ofte . .
across participants. As in the previous expenl::}(aSUItS and Discussion
ments, the “old” component of feature lures The mean proportion of “old” responses for
(e.qg., first or second feature) and the order of theach condition are displayed in Table 2, and th
conjunction study word primes were balancethean proportions of “old” responses for the
across participants. “studied” conditions are shown in Table 3, cor-
The procedure for the study phase was thected for baseline differences. (The mean time
same as in Experiments 2 and 3. For all testut rate was negligible, .01). As in the previous
trials, participants were to respond at the appr@xperiments, the same pattern of “old” respons
priate signal (*****). For the short deadline rates emerged: old- conjunction> feature>
trials, a test probe was seen for 400 ms beforeew. This pattern was consistent across deal
the onset of the response signal. The responkee and modality conditions. The only apparen
signal duration was 450 ms, and participantsffect of modality was an increased likelihood
were instructed to try to respond while the reef responding “old” for the auditory study

Note.Conj., Conjunction; A, Auditory; V, Visual.

Participants. Sixty-four undergraduates par-
ticipated.

Design and procedurelhe experiment used
a 2 (Study modality: auditory vs visualx 2
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group, particularly under the short deadline conysis on the hit ratesH(1,63) = 9.80,MS, =
dition. The response deadline appeared to affe€3] but not the false alarm ratef [= .29].
old/new discrimination but not conjunction/newThus, the response deadline manipulation a
or feature/new discriminatiorA 2 (Study mo- fected recollection, demonstrated by a change |
dality: auditory or visual)x 2 (Response dead-old/new discrimination, but not familiarity,
line: deadline vs wait)x 4 (Item type: old, characterized by no change in conjunction/nev
conjunction, feature, or new) mixed ANOVA or feature/new discrimination. This outcome
produced significant effects of Groupsupports the hypothesis that recollection facili
[F(1,62) = 7.78, MS, = .08], Deadline tates recognition of old words but not false
[F(1,62)= 11.33,MS, = .03], and Item type recognition of feature and conjunction lures. As
[F(3,186) = 156.50,MS, = .02] and a sig such, the results are contrary to the idea thz
nificant Deadline X Item type interaction both familiarity and recollection facilitate fea-
[F(3,186) = 5.15,MS, = .02]. A follow-up ture and conjunction errors.
Tukey test demonstrated that the differences These findings are not consistent with a find
between each of the item types were significanihg that obtained Remember/Know judgment:
A 2 (Modality) X 2 (Response deadline) mixed(e.g., Gardiner, 1988; Gardiner & Java, 1990
ANOVA on the baseline rates showed that th&ardiner & Parkin, 1990; Tulving, 1985) on
auditory study group had a higher baseline falseature and conjunction errors for drawings o
alarm rate than the visual study grougaces (Reinitz et al., 1994). Reinitz and his
[F(1,62) = 4.17, MS, = .03] and that the colleagues found that endorsements of featur
short-deadline condition produced a higheand conjunction stimuli as “old” were accom-
baseline false alarm rate than the long-deadlinmnied by Know judgments as well as Remem
condition [F(1,62) = 6.16,MS, = .02]. The ber judgments. If one accepts that Remembe
interaction was not significanf(= 1.07). judgments in their experiments provided a mea
To accommodate the different base rates, theire of recollection, then one would conclude
“old” response rates for the old, conjunctionthat feature and conjunction errors are facili
and feature item types were corrected by sulbated by recollection and familiarity. However,
tracting out the corresponding base rate. The&® our experiment a variable known to affect
data appear in Table 3 and show more obviouscollection (response deadline) did not influ:
patterns that the uncorrected data. First, studnce feature and conjunction error effects
modality did not influence the likelihood of anwhich indicates that recollection did not facili-
“old” response. Second, the deadline manipuldate feature and conjunction errors.
tion affected recognition of old words but not There are a couple of explanations for the
false recognition of conjunction and featuraliscrepancy between our findings and the Re
lures A 2 (Modality) X 2 (Response dead-member/Know findings of Reinitz and col-
line) X 3 (Item type) mixed ANOVA on the leagues (1994). An intriguing possibility is that
corrected scores (see Table 3) produced a sifgmiliarity can lead one to erroneously experi-
nificant effect of Item type and a significantence a subjective awareness consistent with R
Deadlinex Item type interactionf(2,124)= member judgments. This type of familiarity-
7.64, MS, = .02]. The interaction was pre based phenomenological experience woul
dicted to occur because of differences in the higtuggest that the relationship between that sul
rates but not false alarms rates. The interactigactive experience and the underlying processe
was pursued further with two ANOVASs, a re-of recollection and familiarity is one of inde-
peated-measures ANOVA on the corrected hendence. Currently, there is no work support
rates (collapsed across study modality) and ai@g this view. A second, and perhaps more
(Response deadliney 2 (Item type: Conjunc- plausible, possibility is that participants in Rein-
tion vs Feature) repeated-measures ANOVA oitz and colleagues’ experiment reported a Re
the corrected false alarm rates. The effect ahember response based on a particular faci
Response deadline was significant for the andeature rather than on all of the features and th
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relational information connecting those featureplanation of this outcome requires one to com
(cf. Mantyla, 1997). Such responses woulanent on the accessibility of configurative rep-
highlight the need to define recollection, as weltesentations. For the short deadline conditior
as Remember judgements, carefully. Recolleconfigurative representations were presumab
tion, as we have considered it, is an all-or-nonavailable but not accessible in the short amour
retrieval success at the item level. In this viewof time that was given. This demonstration sug
one may Know that some aspect of an event wagsts that configurative representations for th
experienced but falsely attribute that aspect to@njunction study primes might be available bu
different episode. A final possibility for the dis-not accessible. As we already have indicatec
crepancy between our results and the results @écollection for the study word primes may be
Reinitz and colleagues may be the differences iow because the feature and conjunction lure
materials. Reinitz et al. used face drawingsare poor retrieval cues for the prime words
whereas we used compound words. Althougpresented in the earlier study phase. Therefor
feature and conjunction errors occur for bothwhile configurative representations may no
word and face stimuli, the processes involvetiave been encoded or selectively forgotter
for the two types of stimuli may be fundamen-configurative representations also may hav
tally different. been formed and retained but not be inaccess
The results of this experiment also provide nble under the given retrieval conditions.
support for the disinhibition of binding hypoth-
esis. Under that hypothesis, old words and con- GENERAL DISCUSSION
junction lures share the same characteristics The conclusions to be drawn from the exper
(e.g., both are based on feature representatioinsents are straightforward. Across four experi:
and a configurative representation). The diffements, the pattern of results for “old” response
ence, of course, is that configurative represeifeld > conjunction> feature> new) was con-
tations for the old words are accurate, whereasdstent with previous findings on feature anc
the configurative representations for the corconjunction errors (Kroll et al., 1996; Reinitz et
junction lures are inaccurate. A manipulatioral., 1992, 1994, 1996; Rubin et al., 1999). More
that influences recognition of old words shouldmportant, though, were the following findings.
affect false recognition of conjunction lures inFirst, feature and conjunction errors occurres
the same manner. The prediction of the disinhfor auditory as well as visual tests, and the erro
bition of binding hypothesis is that a responseates on the two types of tests did not differ.
deadline should decrease the rates of both hi8econd, at least under our conditions, featur
and conjunction errors. However, the responsand conjunction error rates were not affected b
deadline manipulation decreased old/new dishifts in presentation modality from study to
crimination without affecting conjunction/newtest. In addition, mixing the modality of the
discrimination. study word primes did not affect conjunction
Finally, the results highlight a shortcoming oferror rates relative to when the study prime:
the availability hypothesis proposed by Reinitavere presented in the same modality. Finally, :
and colleagues (1992, 1996). In their proposatesponse deadline manipulation decreased ol
conjunction errors occur because “subjects seew discrimination but not feature and conjunc
lectively forget, or fail to encode, global struc-tion effects. The response deadline manipule
tures [configurative representations] of the stimtion also did not affect recognition of modality-
uli that were originally studied” (p. 287; Reinitz consistent and modality-inconsistent old word:
et al., 1996). Old word recognition is based onlifferentially.
features and configurations, but false recogni- Across the first three experiments, three
tion of conjunction lures is based on featuregroups showed a nonsignificant old word rec
only. In our experiment, a retrieval manipula-ognition advantage for a modality-consisten
tion affected old/new discrimination but notover a modality-inconsistent condition, and one
conjunction effects (or feature effects). An exgroup showed no difference. In Experiment 4
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the modality consistent group (visual studythe retrieval cues in the feature and conjunctiol
group) held a slight old word recognition ad-conditions are relatively ineffective, recollec-
vantage over the modality-inconsistent grougion for the study word primes is near zero.
(auditory study group) for the long deadlineTherefore, the familiarity evoked by the com-
condition but a slight disadvantage for the shorfgonents of the feature and conjunction lures i
deadline condition. In an effort to gain morevirtually unopposed by recollection. (However,
power, the data for old word conditions, as welthere may be conditions where feature and cor
as those for overlapping conjunction conditiongunction lures are avoided successfully througl
were combined from the four experimentsthe use of recollection.)
These scores were adjusted for baseline differ- The retrieval cues may be weak for two rea
ences (i.e., the base rate was subtracted). Cebns. First, there is little semantic overlap be
lapsing across experiments there was a vetween many of the study primes (e.dpuck-
small advantage for modality-consistent oldvheat and slapshof and their corresponding
words (.39) over modality-inconsistent oldfeature or conjunction lure (e.dpuckshot Sec-
words (.37). This trend was reversed for thend, the usefulness of the separate lexical con
conjunction condition. Slightly more errorsponents (e.g.black andbird) as retrieval cues
were committed under modality-inconsistenimay be hindered by appearing in a differen
(.19) than modality-consistent conditions (.18)context. In other words, it may be difficult to
The feature condition (Experiments 2-4geparate the lexical componentblack and
showed the same trend as the conjunction cohird) from a unitized conceptb{ackbird) for
dition (modality consistent: .08 and modalityuse as retrieval cues. Finally, in our experiment
inconsistent: .09). Formal analyses on thosearticipants were not informed of the feature
data failed to produce any significant modalityand conjunction lures. Thus, the feature an
effects. Thus, overall the differences betweeoonjunction lures might have to initiate retrieval
modality-consistent and modality-inconsistenof the study word primes spontaneously. On th
conditions were tiny and not significant. other hand, in the debriefing many participant:
We have proposed that feature and conjunéadicated awareness that some test words we
tion errors are based on familiarity in the absimilar but different from study words, and
sence of recollection. Importantly, recollectiorsome participants were adamant that they he
involved in old word recognition is different not fallen for the lures. (No tallies were taken.
than recollection involved in the feature andHowever, some of these individuals who
conjunction conditions. For the old word con-claimed that they did not fall for the lures were
dition, the test cue is the exact word that wathe worst offenders.) Thus, anecdotal evidenc
presented earlier in the experiment—a recognsuggests that despite attempts to avoid commi
tion task. In contrast, for the feature and conting feature and conjunction errors, participant:
junction conditions the study word prime(s) iswere largely unable to do so (see also Kroll e
the focus of recollection (e.ghlackmail and al., 1996; Reinitz et al., 1992).
jailbird), and the feature and conjunction test In the disinhibition of binding hypothesis,
lures (e.g.,blackbird) or their separate lexical conjunction errors are based on inaccurate rej
components (e.ghlack andbird) can serve as resentations formed during encoding (Kroll e
retrieval cues for a study prime. Thus recollecal., 1996)% In Experiment 1, mixing the study
tion on the feature and conjunction trials is irmodality of the conjunction word primes did
the form of cued recall. However, the retrievahot influence the likelihood of conjunction er-
cues are relatively ineffective. If recollection forrors relative to when the study modality was
the study prime words were strong, then a short _ N
response deadline, which reduces the ability t To be fair to Kroll and colleagues (1996), their idea was

. that a disinhibition of binding contributes to conjunction

use recollection, should have produced an "?e’rrors but is not the main factor. In their view, the absenc

crease in feature and conjunction errors. Ngx configurative representation is the major factor (e.g., th
such increase in error rates occurred. Becauseilability hypothesis).
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held constant for the word primes. Therefore, aBmith and Hunt (1998) to account for modality
inappropriate binding of conjunction compo-differences in the false recognition of critical
nents during the study phase does not seemltoges in the Deese/Roediger and McDermot
be affected by changes in the modality. How{1959/1995) paradigm. They found very large
ever, if conjunction errors are due to an inapéifferences in false recognition based on th
propriate binding of stimulus elements duringstudy modality. Visual study led to a much
encoding, then the representations of inappréewer false recognition rate than auditory study
priately bound components (conjunctionsHowever, in the present experiments no suc
should have the same attributes as representatvantage occurred for the feature and conjun
tions for properly bound components (oldion lures. Thus, at least under our conditions
words). Therefore, if a retrieval manipulationthe modality discrimination explanation does
affects the probability of recognizing old wordsnot extend to false recognition of feature anc
(e.g., old/new discrimination), then that sameonjunction lures. Of course, in the Deese/Roe€
manipulation should affect the probability ofdiger and McDermott (1959/1995) paradigm nc
conjunction errors in the same manner (e.gphysical part of the critical stimuli is presented
conjunction/new discrimination). during the study phase, and the critical lures ar
Experiment 4 provided a test of the disinhi-strong conceptual associates of the study word
bition of binding hypothesis. The retrieval ma-n feature and conjunction error experiments
nipulation attenuated old/new word discriminaparts of the critical lures are presented durin
tion but did not influence the conjunction effectthe study phase and the lures are not necessar
If conjunction errors are due to a disinhibitionstrong conceptual associates of the stud
of binding, then one would have expected @rimes.
parallel decrease in the conjunction error rate. Turning to the recognition of old words, main
Thus, the experiment failed to provide any eveffects of modality on recognition memory for
idence in support of the disinhibition of bindingold words often are not obtained, and severe
hypothesis, at least with the range of studyecent experiments have failed to yield signifi-
prime lags (one to five intervening words) thatant differences (Challis et al., 1993; Gregg &
were used. Instead, the response deadline resu®ardiner, 1994; Rajaram, 1993; though se
supported a dual-process explanation of featuféregg & Gardiner’s data on Know judgments).
and conjunction error production. However, th&Vhere differences between study/test modality
disinhibition of binding hypothesis may still consistent and modality-inconsistent condition:
account for conjunction error differences behave been obtained, the differences have be
tween individuals with hippocampal damagerery small, though usually in favor of the mo-
and normal participants, and disinhibition ofdality-consistent condition. For example,
binding may occur in normals when the lagirsner (1974) obtained modality effects on rec-
between study primes is very short (e.g., zeropgnition memory (despite ceiling effects) but
The results of Experiment 4 also suggest thdtad a great deal of power to detect a significar
a modification to the availability hypothesis ofdifference. The differences in accuracy tha
conjunction error production is needed. Instealirsner obtained were smallM = .02), but
of being unavailable, configurative representahere were 90 (item)< 20 (subject) observa-
tions may be available but not accessible (e.gipns (1800 total) for each of four study/test
Tulving & Pearlstone, 1966). Of course, thisnodality conditions (aural-aural, aural-visual
modification would not solve the problem ofvisual-aural, and visual-visual). Our results ad
feature errors. The feature/configurative apo this growing list but offer a novel null result.
proach would still need to be modified to acdn our experiments, familiarity was isolated for
count for the occurrence of feature error abovthe feature and conjunction test trials. If a per
chance. ceptually specific familiarity contributes to false
The four experiments tested the modality disrecognition of feature and conjunction lures,
crimination advantage that was suggested kien one would expect that this same familiarity
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would contribute to the recognition of oldthere may be instances, unrealized at this time
words. However, no evidence was gained im which familiarity underlying recognition may
support of a perceptually specific familiaritybe shared with perceptual implicit tests. Fol
using our modality manipulations. example, encoding conditions that emphasiz
Some researchers have drawn parallels bte perceptual features of stimuli might show ¢
tween the familiarity underlying recognitionsimilar effect for a recognition test and a per-
and perceptual priming (e.g., Gardiner & Pareeptual implicit test.
kin, 1990; Jacoby & Dallas, 1981; Rajaram, In conclusion, although our experiments dic
1993), but others have concluded that recogniot identify any specific nonsemantic factor in-
tion memory is independent of priming in per-volved in the production of feature and conjunc-
ceptual implicit tests (Challis et al., 1993; Hay-ion errors, the results have narrowed the searc
man & Tulving, 1989; Squire, Shimamura, &At the risk of accepting the null hypothesis,
Graf, 1985; Tulving, Schacter, & Stark, 1982modality information simply does not appear to
Wagner, Gabrieli, & Verfaellie, 1996). More contribute significantly to feature and conjunc-
specifically, Wagner and colleagues (1996) oliion errors with compound words. (This is not to
tained dissociations between familiarity fromsay that modality information is not accessible
recognition and familiarity from perceptualand might not be important on some other task.
priming. Finally, neuropsychological and neuThe question remains: What specific nonsemat
roimaging data have implicated the role of diftic familiarity processes underlie feature anc
ferent brain structures for explicit and implicitconjunction errors? For verbal stimuli, feature
tests (Gabrieli, Fleischman, Keane, Remingeand conjunction errors are produced by varyin
& Morrell, 1995; Reinitz et al., 1996; Squire,the arrangements of lexical or syllabic compo
1992; Squire et al., 1985; Tulving & Schacternents. Perhaps a portion of the familiarity un-
1990). For example, Gabrieli and colleaguederlying conjunction errors on compound words
reported that the right occipital region of themay be based on lexical processing (e.g
brain is critical to perceptual priming for de-Kirsner, Dunn, & Standen, 1989; Weldon,
graded stimuli. In contrast, other areas of th&991, 1993) that may be both nonsemantic an
brain (e.g., medial temporal or diencephalic refree of modality information. Certainly, this no-
gions) are thought to be important for explicittion is speculation. However, more researcl
memory tasks such as recall, cued recall, antkeds to be conducted to identify the factor:
recognition. underlying feature and conjunction errors, an
The present results failed to obtain effectshis speculation may provide some direction fol
from perceptual manipulations on feature anthat research.
conjunction errors (or hits). Thus, our experi-
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