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Feature and conjunction errors in recognition memory were investigated using a dual-process framework. In
Experiment 1, dividing attention at study or test decreased old word recognition but did not influence feature anc
conjunction recognition errors after correcting for false alarms to new words (baseline). In Experiment 2, a re-
sponse deadline manipulation influenced old word recognition but not feature and conjunction effects (i.e., fea-
ture or conjunction error rate minus baseline). Across Experiments 3 and 4, study repetitions increased the prok
abilities of feature and conjunction errors for participants under strong pressure to respond quickly. However, nc
such increases were observed for participants who were given more time to respond, providing evidence that th
familiarity underlying feature and conjunction errors can be countered with recollection. Thus study repetition in-
creased both familiarity and recollection. Feature and conjunction errors are based on familiarity in the absenc
of recollection. An approach that combines an item—associative distinction with a dual-process framework (e.qg.,
Yonelinas, 1997) also can account for these errors. However, an approach that uses a feature-configuration di
tinction must be modified to account for these result® 2001 Academic Press
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False memory phenomena have enjoyed amd then on a later recognition tegtidge
great surge of interest in the past decade (Roedihetherbucksho{partly old) orblackbird (both
ger, 1996), and one line of this research has fparts old but recombined) occurred on the stud
cused on false recognition of recombined studist. False recognitions of these types of item:
stimuli on a later test. For example, participantsave been referred to as feature errors (e.g
might studybuckwheatblackmail andjailbird, buckshat and conjunction errors (e.dolack-

bird; Reinitz, Lammers, & Cochran, 1992). The
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considered to be a baseline.) Finally, feature apdimes (e.g.,check from checklistand point
conjunction errors have been found to occur witlhom needlepoint would push one to respond
a variety of materials (single words, where sylla*old.” If one depended solely on familiarity in
bles are conjoined, Underwood & Zimmermanmnaking a recognition decision, then one would
1973; word phrases, Underwood, Kapelak, dikely commita conjunction error. However, one
Malmi, 1976; compound words, Ghatala, Levingould avoid such an error by recollecting that
Bell, Truman, & Lodico, 1978, Underwood checklistor needlepointwas presented in the
et al., 1976, Reinitz et al., 1992; face drawingstudy phase, notheckpoint Thus feature and
Reinitz et al., 1992, Reinitz, Morrisey, & Demb,conjunction errors are based on familiarity in
1994; photographs, Searcy, Bartlett, & Memarthe absence of recollection.
1999; abstract figures, Kroll, Knight, Metcalfe, Feature and conjunction lures are thought tc
Wolf, & Tulving, 1996). be poor retrieval cues for the correspondinc
Recently, a dual-process theory of memorgtudy primes, resulting in very low recollection
was used to account for feature and conjunctig¢dones et al., 2001). One reason feature and co
errors (Jones, Jacoby, & Gellis, in press). ljunction lures are poor retrieval cues is that ther
dual-process theory, an automatic process, fig-a lack of transfer of conceptual information
miliarity, and a controlled process, recollectionfrom study to test (e.g., Roediger, Weldon, &
provide alternative bases for responding (e.gchallis, 1989). That issheckpointis conceptu-
Atkinson & Juola, 1974; Hay & Jacoby, 1996ally different from checklistand needlepoint
Hintzman, Caulton, & Levitin, 1998; Hintzman Without a strong overlap in conceptual processe
& Curran, 1994; Jacoby, 1991, 1999; Jacobyetween study primes and test lures, retrieval c
Yonelinas, & Jennings, 1997; Mandler, 1980the study prime is a challenge. With familiarity
1991; Yonelinas, 1994, 1997). Familiarity isrelatively unopposed by recollection, feature anc
characterized as relatively fast, whereas recaenjunction errors are difficult to avoid (see
lection is characterized as relatively slow (e.gkroll et al., 1996, and Reinitz et al., 1992, on the
Atkinson & Juola, 1973, Hintzman & Curran,difficulty of avoiding the errors).
1994; McElree, Dolan, & Jacoby, 1999). Another theory of feature and conjunction er-
Both familiarity and recollection contribute torors is that memory judgments are based on a f:
performance on a recognition test. For oldhiliarity assessment, and feature and conjunc
words, familiarity and recollection work in con-tion lures possess greater familiarity than new
cert—either process can lead to a hit. Newords (e.g., Rubin, Van Petten, Glisky, & New-
words are assessed on the basis of familiariyerg, 1999). Thus, feature and conjunction lure:
(e.g., on a strength continuum; Yonelinas, 1994ye identified “old” at higher probabilities than
1997; Yonelinas, Kroll, Dobbins, Lazzara, &baseline. In cases where recollection of the
Knight, 1998). Recognition of feature and constudy primes is nonexistent (i.e., recollection
junction lures is based on both familiarity an®), feature and conjunction error rates provide
recollection, but familiarity and recollection op-good measure for familiarity. However, this ap-
pose each other. Familiarity pushes one to comroach does not allow the possibility that one
mit feature and conjunction errors, but recolleczould avoid an error by remembering that a dif-
tion can be used to avoid the errors. Conjunctidarent word was presented in the study phase. T
lures possess a higher familiarity strength thavoid an error, a second process is required. E>
feature lures because the familiarity for both eperiments 3 and 4 demonstrate this point.
ements (instead of one element, as is the casdissociations between old item recognition
for feature lures) is boosted by the study phas@ad feature and conjunction errors support the
presentations. familiarity—recollection explanation. Old word
For example, if one was to see the studyecognition is based on familiarity and recollec-
primeschecklistandneedlepointn a first phase tion working in concert, but feature and con-
but checkpointn a recognition test, familiarity junction errors are based on familiarity in the
engendered by the components from the studbsence of recollection. Therefore, a chang
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in the hit rate without an alteration of featurend 2, variables known to affect recollection but
and conjunction effects (feature and conjunctionot familiarity were employed (e.g., dividing at-
error rates after subtracting out the baseliriention, response deadline). Critically, these twc
false alarm rate) can be interpreted as an effentperiments, as well as Experiments 3 and 4
on recollection but not familiarity. (Such anused retrieval manipulations. The expectatior
interpretation assumes that, for the feature amhs that old—new discrimination would be influ-
conjunction conditions, effects of familiarityenced by these manipulations but that featur
and recollection have not offset each other.) and conjunction effects would be affected little
Several manipulations have affected hit ratew not at all. This prediction was based, in part
but not feature and conjunction effects. For exn the notion that, under normal conditions (i.e.,
ample, dividing attention during a study phastull attention), recollection for the study primes
reduced recognition for old faces relative to & low. Without much room to decrease recollec-
full attention condition, but feature and conjunction for the study primes, little change in feature
tion effects were influenced little (Reinitz et al.and conjunction effects could be expected. Ir
1994). Also, imposing a short response deadlifexperiments 3 and 4, we attempted to influence
during the test has decreased recognition of dith recollection and familiarity. The idea was
words compared to a long deadline condition, bthat if study items were made more memorable
the response deadline manipulation did not affeitten recollection could be used to avoid the er
feature and conjunction effects (Jones et atgrs. Thus, the goal in the final two experiments
2001). Other variables that have influenced hitas to demonstrate how the two processes ce
rates but not feature and conjunction effects imvork in opposition during recognition of feature
clude level of processing during study (e.g., shaknd conjunction lures.
low vs. deep; Reinitz, Verfaellie, & Milberg,
1996) and subject group (e.g., amnesics vs. nor- EXPERIMENT 1
mals, Reinitz et al., 1996, though see Kroll et al., Several studies have shown that dividing at:
1996; older adults vs. young adults, Rubin et atention affects estimates of recollection but no
1999, though see Kroll et al., 1996). familiarity (Jacoby, 1996, 1999; Jacoby, Toth, &
Only a few variables have been found to influYonelinas, 1993; Wolters & Prinsen, 1997; see
ence conjunction effects. One example is that iMulligan & Hartman, 1996 and Schmitter-
dividuals with hippocampal damage produced Bdgecombe, 1999, for a further distinction). To
higher conjunction error rate when the lag befate, a divided attention manipulation has beel
tween study word primes was relatively shomsed in only one study on memory feature an
(e.g., 1- vs. 5-word lag; Kroll et al., 1996). In simconjunction errors. In that study, which used face
ilar findings, normal participants produced arawings as stimuli, large divided attention ef-
higher conjunction error rate for face drawindects were found for old conditions, but small or
stimuli that were presented simultaneously conmo effects were obtained on feature and conjunc
pared to that for faces that were not presented son rates after correcting for baseline difference:
multaneously (Hannigan & Reinitz, 2000; ReinitReinitz et al., 1994). For the present experiment
& Hannigan, in press). This latter finding may bave attempted to demonstrate that an encodin
based on an effect of attention instead of simuknd a retrieval manipulation could produce simi-
taneity, per se (Reinitz & Hannigan, in press). lar patterns of data by dividing attention during
We have used the familiarity—recollection acencodingor retrieval (cf., Jacoby, Woloshyn, &
count as a framework for our feature and conkelley, 1989). If dividing attention during re-
junction experiments (Jones et al., 2001) artdeval produces results similar to those for divid-
our approach accounts for most findings (for exag attention during study, then the problem can
ceptions, see Kroll et al., 1996; Hannigan &ot simply be a failure to encode the study item:
Reinitz, 2000; Reinitz & Hannigan, in press)or to retain them, as suggested by Reinitz an
We continued the use of this framework in theolleagues (1996). That is, if dividing attention
experiments reported below. For Experiments during the test decreased old—new discriminatiol
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but did not affect feature and conjunction effectsnixed design. Attention was manipulated be-
then that finding would reflect a problemaf- tween participants, but item type was manipu-
cessingstudy items instead of an encoding failuréated within participants. Participants were ran-
or a forgetting problem. domly assigned to one of the three groups
Because old word recognition is thought to beesulting in 32 participants per group. For all
based, in part, on recollection, dividing attentiotthree groups, single digit numbers were heard &
at study or test was predicted to hinder recogra-1.5-s rate during the study and test phases. F
tion of old words. Also, if feature and conjuncthe attention manipulations, one group trackec
tion lures are poor retrieval cues for their correhe single-digit numbers during the study phast
sponding study primes, then recollection for thand another group tracked the digits during the
study primes should be quite low. Indeed, thettest phase, thus dividing attention at study o
may be a floor effect. In this case, dividing atat test (e.g., Craik, 1982). A third group (full
tention should have little influence on recollecattention) heard the digits but was not requirec
tion for the study word primes, leaving the fato attend to them. An experimenter monitorec
miliarity engendered by the lexical componentsach participant’s performance on the digit
relatively unopposed. Therefore, dividing attentracking task.
tion was predicted to have little or no influence Three of the lists were used in the study
on feature and conjunction effects. phase, while all four lists were used in the test
phase. The four lists were rotated through eacl
Method of the different item types (old, conjunction, fea-
Participants Ninety-six New York University ture or new word; see Table 1) such that eacl
undergraduates participated in the experimeitem type occurred equally often across partici-
for credit toward an introductory psychologypants. A single study order based on item type
course. One participant was replaced for a failwas constructed such that each studied item typ
ure to follow instructions. was evenly distributed throughout the study list.
Materials and equipmenfwo hundred fifty- Items from three of the four lists (balanced
eight compound words were used. Two hundrextross participants) were then drawn and place
forty words were used to form 80 critical sets dhto the appropriate slots of the item type study
triplets, and the remaining 18 words were used as
buffer study items or practice test items. Each set
of triplets contained a target word (e.gheck- TABLE 1
point), which ranged from 6 to 11 letters long,

; Example of Item Types at Study and Test
and two word primes that overlapped the target P yP Y

word with regard to its two lexical components em type Study Test
(e.g.,checklistneedlepoint A few of these items
were from Reinitz et al. (1996), while the othersid checklist checklist

were constructed. The 80 triplets were assigné&dnjunction

to one of four lists with 20 triplets each, and the ©7der 1 J_:i'l";‘]%ma” blackpird

lists were matched_ for mean word length of _the Order 2 needlepoint checkpoint

targets. The experiment was run on a pentium checklist

computer with a VGA monitor using Micro Ex- Feature

perimental Laboratory software (MEL; Schnei- 1stfeature buckwheat buckshot

der, 1990). An RCA radio stereo dual cassette2nd feature gelimate playmate
.  New — lumberyard

recorder was used to play a tape of single-dig!

numbers in a female voice. Note Study word primes (e.golackmail jailbird, buck-

Design and procedureThe experiment em- whea} were never presented on the test. Order of the stud
primes for the conjunction item type was counterbalancec

ployed a 3 (Group: full attention, divided a'[ten?:lcross participants. Presentation of the two study prime

tion at study, divided atFentiqn at testfh (Item (e g. buckwheator slapsho} for each feature target word
type: old, feature, conjunction, or new word)e.g.,buckshotwas counterbalanced across participants.



86 JONES AND JACOBY

order. For the sake of completeness, both cornges—no recognition test. There were no featur
ponents of the feature words were presentet conjunction lures on the practice test. All
equally often in the study phase (see Table 1yroups of participants were informed that some
Also, for half of the conjunction words the firstof the test words would be old, while others
component of the target was displayed first, andould be new. However, they were not informed
for the other half the second component of thef the feature and conjunction lures. The patrtic:
target word was displayed first (see Table 1)pants were directed to respond “yes” to old
With counterbalancing, the total number ofwords, to respond “no” to new words, and to
study lists was 16. Spacing within the studyguess “yes” if they were unsure whether a worc
primes for the conjunction condition rangedwvas old by pressing keys labeléar N. (A lib-
from one to five intervening words with a meareral criterion was encouraged in all four experi-
of three words. A single test list for the 80 targements and was used to prevent floor effects fo
words was constructed such that each item tygbe three false alarm conditions—conjunction,
was evenly distributed throughout the test witlieature, and new.) Items in the test phase wer
the constraint that no more than two trials of gresented for up to 3 s with a 1-s intertrial inter-
given item type occurred consecutively. val. The program was designed such that when
In the study phase, all participants were tolgarticipant responded before the 3-s time limif
to read the words silently in preparation for ¢he screen went blank for the remainder of the
later memory test. The participants were nd@& s. Thus, the timing of the study and test trials
told about the various types of items that theywas equated across all groups. Participants i
would encounter on the test. The divided attethe divided attention at test group performed the
tion at study group performed the digit trackingligit tracking task and the recognition test at the
and reading—studying of the words at the sansame time, and as with the divided attention a
time during the study phase, and the importanséudy group, the importance of the digit tracking
of doing well on the digit-tracking test wastask was emphasized. Both the divided attentio
emphasized. For the digit-tracking task, partiat study and the full attention groups were tolc
ipants were told to say “hit” after each sequende ignore the numbers and to concentrate on th
of three odd numbers. If a sequence was missegtognition test. All participants were told to
the experimenter quietly said “miss” to stresmake their recognition judgments as accurately
the importance of doing well on the digit-trackand as quickly as possible. If a participant failec
ing task. The divided attention at test and full ate respond within 3 s, the computer beeped an
tention groups were told to concentrate on thee next trial began.
reading—studying of the words and to ignore the , )
digits. For all groups, 22 digits were heard bdX€sults and Discussion
fore the word presentations began. This proce-First, failures to respond in the allotted time
dure was used to make sure that the divided atcurred seldom for each group (time-out rates
tention at study participants understood th®0-.03). To calculate the mean proportions o
digit-tracking instructions. If a participant mis-old responses, the number of old responses ft
understood the instructions, then the instru@ach condition was taken as a proportion of th
tions were clarified, and the tape was playedtal number of trials within a condition. (This
again from the beginning. Eighty study wordsipproach was used for all four experiments.) Fo
appeared in white letters on a black backgroumch of the three groups, the mean rate of re
in the center of the computer screen for 3 s wigponding “old” was highest for the old words,
an intertrial interval of 1 s, and the critical studyollowed (in order) by conjunction lures, feature
trials were bounded by five primacy and five rdures, and new words. Each of these old re
cency compound words (buffers). sponse rates was significantly different from the
Immediately following the study phase, parethers. This same pattern of results was ex
ticipants were given test instructions, followegected and was obtained in Experiments 2—Z
by a practice recognition test, and finally, &hus, we do not belabor this point in the other
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experiments. Also, for the sake of space argfoups. The hypothesis was that dividing atten
readability we report only the statistics thation would affect recollection, evidenced by a
were of particular relevance to our predictions.decrease in the ability to discriminate old from
Statistical comparisons for this experimentiew items, but not familiarity, evidenced by no
as well as the following three experimentsshange in discrimination of feature and con-
failed to produce any significant differences bgunction words from new words. In short, the
tween various counterbalancing conditions (i.ehypothesis was supported. A 3 (Group)3
for feature errors, presentation of the first vgltem type: old, feature, or conjunction word)
second lexical component in the study primesgixed ANOVA was conducted on the means
for conjunction errors, presentation order of theorrected for baseline differences, and the
study word primes). A one-way ANOVA with aanalysis yielded significant effects of Group
follow-up Tukey test showed that a relativelfF(2,93)=5.55,MSE=.04] and Item typeH(2,
high false alarm rate in the divided attentioni86)=112.39,MSE=.02], as well as a signifi-
study group (.44) was significantly greater thacant interactionH(4,186)= 7.81,MSE=.02].
those for the full attention (.25) and divided at- Importantly, the interaction was significant,
tention-test groups [.2&(2,93)=12.04 MSE= and this interaction was analyzed further with
.04]. (For all analysesx = .05. All post-hoc two ANOVAs. First, a one-way ANOVA was
tests were Tukey tests, unless stated otherwisenducted on the corrected hit rates, which
All t-tests were two-tailed.) The higher base rattemonstrated that there was a difference ir
for the divided attention-study group relative t@ld—new discrimination between the three
the full attention group was similar to findinggroups F(2,93) = 12.11, MSE = .04]. A post-
reported by Reinitz et al. (1994). To accommdioc test revealed that old—new discrimination
date for the different base rates, the means fams significantly greater for the full attention
each of the other item type conditions were cogroup (.48) than for the divided attention at
rected for baseline by subtracting out the basstudy and divided attention at test groups (.25
line rate. Alsod’ scores were calculated, and theand .36, respectively), with an additional differ-
d’ analyses were parallel to the results of thence between the two divided attention groups
corrected recognition analyses. In the interest Bvidence for a difference in feature and con-
brevity, we report the analyses on the correctgdnction effects across the three groups woulc
recognition data. be a significant effect of Group or a Group
Important for our argument was the performkem type interaction. A 2 (ltem type: feature,
ance on the various item types across the threenjunction)x 3 (Group) mixed ANOVA was
conducted on the corrected feature and conjunc
tion error rates, but neither the Group effect nor

;2’ — 2> the Groupx Item type interaction was signifi-
) i cant Fs < 1.77). Thus, as predicted, only
05 old—new discrimination was affected by divid-

ing attention.

Although performance on the old words was
better for the divided attention-test group thar
for the divided attention-study group, this differ-
ence is not critical to our argument. Nonethe-
less, these data are consistent with previou
findings (e.g., Craik, Govoni, Naveh-Benjamin,

Full Div.-Study  Div.-Test & Anderson, 1996). In part, the difference in
Group corrected recognition might reflect a difference
FIG. 1. Experiment 1: Mean proportion of old re-in performance on the digit-tracking task. The

sponses (corrected for baseline) as a function of item tyiﬂentiﬁ_cation '_'ate for the n':”_nbers sequence:
by group. Error bars represent 95% confidence intervals. was slightly higher for the divided attention at
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study group (.90) than for the divided attentiod996). Dividing attention at encoding or re-
at test group (.84), though this difference watsieval was shown to decrease recollection,
not significant{(62)=1.87,SE=.03,p=.07].  evidenced by an attenuation in old—new discrim-
For the sake of clarity, we want to emphasizimation, but to leave familiarity invariant, evi-
the difference between recollection for oldlenced by equivalent feature and conjunctior
words and the study word primes of the featuffects for the three groups. For the full attention
and conjunction words. Recollection was relagroup the study words were available and
tively easy for old words because the whol&rgely accessible. Presumably, for the divided
word was provided as a cue on the recognitiattention at test group, the study words were jus
test. Thus, the concept itself was re-presentess available but not as readily accessible. Thus
In contrast, recollection was relatively difficultfeature and conjunction errors may occur due tc
for the study word primes because the test cuas inability to access the specific study words
contained only part of a study word and that pattirough conscious recollection.
was in a different context as part of a different
concept. Thus, the feature and conjunction trials EXPERIMENTS 2A AND 2B
provided a sort of cued recall test. If a partici- In Experiment 1, a retrieval manipulation in-
pant recalled a study prime word, then the pafluenced old—new discrimination but not feature
ticipant would avoid a feature or conjunctioror conjunction effects. This finding for a re-
error. Note that if recollection of the studytrieval manipulation adds to a finding where a
primes (e.g.,blackmail jailbird) were aided response deadline was manipulated (Jones et &
substantially by the feature and conjunctio2001). In that response deadline experiment, de
lures plackbird) or their lexical components creasing the amount of time to respond to recog
(blackor bird), then the detrimental influence ofnition test probes decreased old—new discrimi
familiarity would have been overcome, producnation but not feature and conjunction effects
ing lower feature and conjunction error rates iExperiments 2A and 2B reproduced the prior re-
the full attention condition compared to the disults with a response deadline manipulation by
vided attention conditions. Clearly, this pattermsing a slightly different procedure.
of results did not occur. As already noted, information accrues more
Our claim is that dividing attention affectedslowly from recollection than from familiarity
recollection, and the evidence supporting thigtkinson & Juola, 1973; Dosher, 1984; Jacoby,
claim comes from the differences in correctet999; Jacoby, Jones, & Dolan, 1998; McElree
hit rates. If recollection were a major compoet al., 1999). The present experiments used a r
nent of feature and conjunction errors—that isponse deadline manipulation that was similar t
error reduction—we also would expect dividingone used by Jacoby and colleagues (Jacob
attention to influence recollection for the study999; Jacoby et al., 1998; see also Jones et 8
primes. However, if recollection for the study2001). Participants were pushed to respon
primes was near zero in the full attention condguickly (within 850 ms; Experiment 2A) or wait
tion, as we have suggested, no direct evidenbeefly (1400 ms) before responding within a re-
for the role of recollection on feature and corsponse window (750 ms; Experiment 2Be-
junction error production could be obtainedcause decreasing the amount of time to make tf
Thus, the evidence for the role of recollection aecognition decision decreases the ability to usi
low level of recollection on conjunction errors igecollection, the probability of a hit was expected
based on indirect evidence from the old wortb drop. In contrast, decreasing the amount o
condition. time to respond should not influence the ability
The results of the experiment are handled
well by the familiarity—recollection distinction,

.. . 1 A 750-ms short deadline groul € 16) demonstrated a
and the data for the divided attention at tesx}oundary condition. This shorter deadline resulted in a fail-

group particularly, ad_d_to the work by Reinitzyre to discriminate feature lures from new items (produce
and colleagues (Reinitz et al., 1992, 1994eature errors above baseline).
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to use familiarity; therefore, a response deadlimeent of the deadline procedure was used to el
manipulation was expected to have little or no ircourage the use of recollection and to avoic
fluence on feature and conjunction effects. nonoptimal responding (e.g., responding base
The procedure differed from that for a similarelatively more on familiarity). When partici-
experiment of ours (Jones et al., 2001) opants responded before the time limit, the pro
feature and conjunction errors. In our previougram continued on to the next trial. If a respons
experiment, response deadline was a withinvas not made before the deadline (short deac
participant variable. In the present experimentBne) or during the response window (long dead-
response deadline was a between-participaritse), the computer beeped, and the progran
variable. Also, in the prior experiment, particcontinued to the next test item. For the test, th
ipants entered a response at the appearance oftartrial interval was 500 ms.
response signal for both short and long deadline , )
conditions. For the present experiments, no r&esults and Discussion
sponse signal was given for the short deadline The data are presented in Table 2 (correcte
conditions. The test probe appeared, and partfor baseline). The time-out rates for the two
ipants attempted to enter a response before gy@ups were similar (short deadline, .03; long
deadline. deadline, .02) Although the likelihood of re-
sponding “old” to conjunction, feature, and new
Method items was slightly higher for the short deadline
Participants Two groups of 16 New York group, the main difference between the two
University undergraduates participated in Expegroups was that the hit rate was lower for the
iments 2A and 2B (32 total students) for credghort deadline than for the long deadline group
toward an introductory psychology course. The participants were not randomly assigned t
Design and procedurd he experiments usedthe 850-ms deadline and long deadline group:s
a two-variable, mixed design. Item type (oldbut they were drawn from the same subject poc
feature, conjunction, or new word) was manipuand at the same time of the semester. We repc
lated within participants and response deadlirgatistics comparing the two groups, though
(short or long) was manipulated between particonclusions from these analyses should be cor
ipants. The materials and the lists were the sarsielered cautiously and with the lack of random
as those in Experiment 1. Also, the generalssignment in mind. (However, these result:
study phase and general test instructions wenere replicated in both Experiments 3 and 4
the same as those used in the first experimenith random assignment of participants.) As in
(without the portions regarding divided attenExperiment 1, analyses afi scores produced
tion). The intertrial interval at study was 500 ms.
On each test trial, a row of plus symbols
(+++++4 was displayed for 500 ms as a focal
point; then the test word was presented. In the Mean Corrected Recognition Rates for Each Group
short deadline group (Experiment 2A), partici- by ltem Type
pants were told to respond to each word before
the 850-ms deadline. For the long deadline
group (Experiment 2B), participants were in- Item type Long Short
structed to wait for a response signal (******)

TABLE 2

Deadline group

to appear below the test word and then respo@&’_ con '5253(&21% '3243(&2117))
within 750 ms after the response signal ag-ggsp: 12 ('_15) 14 (..11)

peared. The delay (wait period) between the . _
onset of the test word and the response SignaNOte The mean proportions of old responses appear witl

1400 d t all th§ baselines subtracted. The corresponding baseline fal
Was_ . ms, and responses W_ere not a Owgl rm rates were .23 and .28 for the long and short deadlin
during this delay. Thus the deadline for the longhngitions, respectively. Standard deviations appear ir

deadline group was 2150 ms. The wait comp@arentheses.
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results similar to the analyses carried out on tleenjunction lures. Experiment 3 was designec
corrected recognition rates and, hence, are rnotobtain direct evidence that recollection could
reported. be used to avoid feature and conjunction errors
The false alarm rate for new words did noBuch a finding would demonstrate the impor-
differ between the two group$(1,30) = .83, tance of using two processes to account fo
MSE= .02]. However, to be consistent with theconjunction errors. Two manipulations were
statistical approach in Experiment 1, we anamployed in Experiment 3: number of study
lyzed the data corrected for baseline perfornpresentations and response deadline.
ance. A 2 (Groupk 3 (Item type) mixed ANOVA  Research conducted under the familiarity—rec
produced a significant effect of Item type andllection framework has shown study repetition
a significant Groupx Item type interaction to increase both familiarity and recollection (Ja-
[F(2,60)=54.56,MSE= .02, and~(2,60)=8.95, cobhy, 1999; Jacoby et al., 1998; McElree et al.
MSE = .02, respectively]. The interaction wasl999), and there is some evidence that repetitio
followed up with a one-way ANOVA on the cor-can boost conjunction errors (Bartlett & Searcy,
rected hit rates and a 2 (Group® (Item type) 1998; Underwood et al., 1976; Underwood &
mixed ANOVA on the corrected feature animmerman, 1973). We describe an experimen
conjunction error rates. The advantage ifitom Jacoby and colleagues (Jacoby et al., 199¢
old—new discrimination for the long deadlinealso see Jacoby, 1999) because its resul
group was significantH(1,30) = 8.72, MSE= motivated the following two experiments.
.04]. For the mixed ANOVA, neither the Group In Experiment 3 of Jacoby and colleagues’
nor the Groupx Item type interaction was sig-(1998) paper, there were three phases. First,
nificant. Thus, the corrected feature and coffist of study words was presented visually. Some
junction error rates did not differ between thef the words were presented once, and some ¢
two groups. the words were repeated. In the second phase,
These results are a reproduction of the findist of study words was presented aurally, and
ings by Jones and colleagues (2001) and preach word was presented once. (No words oc
vide another example of the importance of reeurred in both the visual and the auditory
trieval factors for theory on recognition memoryphases.) In the third phase, words that were rea
Without sufficient time to use recollection,or heard in the first or second phase were pre
old—new discrimination suffered but feature angdented in a test list that included new words. The
conjunction effects did not. In other words, theask for participants was to identify words as old
response deadline decreased recollection but leftly if the word was heard in the second phase
familiarity invariant. With regard to the feature—of the experiment. Participants were instructec
configuration viewpoint, presumably configurato exclude the visually presented words (first
tive information was available but not accessiblphase) from old responses. Thus, on the ex
under the time pressure. clusion test, recollection and familiarity were
placed in opposition for the words that had beer
EXPERIMENT 3 presented on the visual study list. Familiarity for
The first two experiments demonstrated thahose words would push participants to responc
two factors are needed to account for the effectsid,” but recollection of those words as visually
of retrieval manipulations. Evidence for the rolstudied words would allow participants to cor-
of recollection, however, was indirect in bothrectly exclude them as having not been heard.
experiments. Anecdotal evidence suggestedTwo groups of undergraduate participants ir
that, although test instructions did not encouddacoby and colleagues’ (1998) experiment re
age recollection through cued recall, many paceived different response deadline procedure
ticipants were aware of the discrepancy betweem the test. One group of participants was
the study word primes and the feature and copushed to respond under a short deadline, whil
junction lures, and many participants stated th#ite other group waited briefly before responding
they tried to avoid falling for the feature andn a response window (long deadline). The long
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deadline group showeddecreasan exclusion conjunction errors. However, a parallel increase
errors for repeated relative to nonrepeatdd recollection would successfully oppose the
words. In contrast, the short deadline groujmcrease in familiarity. By limiting the role of
showed arincreasein exclusion errors for re- recollection with a short deadline, we createc
peated compared to nonrepeated words. The the opportunity to observe an increase in famil-
terpretation of those results was that study repiesity. A relatively low level of recollection in
tition increased recollection, evidenced by ththe short deadline group would decrease thi
ability of the long deadline group to miscategokkelihood that recollection could be used to
rize fewer repeated than nonrepeated words esunter an increase in familiarity. Therefore, for
heard. In the absence of recollection, study refiie short deadline group, feature and conjunc
etition was found to increase familiarity, evi-tion errors were predicted to increase with study
denced by an increase in exclusion errors for reepetitions. On the other hand, the long deadlin
peated compared to nonrepeated words for theoup was expected to use an increase in recc
short deadline group. lection to counter an increase in familiarity, re-
We applied an approach similar to one useglilting in no increase, or perhaps a decrease, |
by Jacoby and colleagues (Jacoby et al., 199%8pnture and conjunction error rates. To encour
in our final two experiments. In the present falsage the use of recollection, all participants were
recognition experiments, recollection and familinformed of the feature and conjunction test
iarity oppose one another for judgments on fedures in the test instructions.
ture and conjunction words. Familiarity pushes
one to commit feature or conjunction errors¥ethod
whereas recollection protects one from those er-Participants Sixty-four New York University
rors; thus, for feature and conjunction lures, faindergraduates participated for credit toward
miliarity and recollection are placed in opposieourse in introductory psychology.
tion. We manipulated the number of study Design and procedureThe design was a 2
repetitions to increase recollection and familiafGroup: deadline, wait)x 7 (Item type: old
ity. In addition, we used a variable, responseord-1 presentation, old word-4 presentations
deadline, that has been shown to influence refeature condition-1 presentation, feature condi
ollection but not familiarity. There were two dif-tion-4 presentations, conjunction condition-1
ferences between the present approach and presentation, conjunction condition-4 presenta:
prior approach by Jacoby and colleagues (1998&pns, new) mixed design. The students were as
First, in the present study, there was only orggned randomly to one of the two groups (shor
study phase. Second, because there was oahiong deadline).
one study list, the test did not involve list dis- The 80 triplets that were used in Experiments
crimination. 1 and 2 were divided into eight lists of ten
There were two groups of participants: driplets. Six lists corresponded to study items:
group with a short deadline procedure and @d word-1 presentation, old word-4 presenta-
group with a wait period—response window tedions, feature condition-1 presentation, feature
procedure (long deadline). The expectation wasndition-4 presentations, conjunction condi-
that the short deadline group would exhibition-1 presentation, and conjunction condition-4
lower recollection, characterized by lowelpresentations. The other two lists were used &
old—new discrimination, than the long deadlin@ew items on the recognition test. The study lis
group. Two effects of study repetition were exeontained 200 critical trials with six primacy and
pected: an increase in familiarity and an insix recency buffer trials. The order of the 200
crease in recollection. Thus, a repetition effecritical study trials was the same for each partic
was expected on the hit rates for both groupipant with respect to item type. Items from the six
For the feature and conjunction conditions, astudy lists were drawn and placed into the pre
increase in familiarity of stimulus componentsietermined item type slots, and each of the eigf
should push one to commit more feature arlts served as each item type equally ofter
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across participants. The study order was cordeadline for the short deadline group was set ¢
posed of five blocks of 40 words, such that theE000 ms. The 150-ms increase from 850 ms wa
presentation of two items from each item typased to limit the number of time-outs in the
occurred in a block. Thus the distribution of itenshort deadline group. For the long deadline
types throughout the study list was equivalengroup, the wait period was 1500 ms, and the re
For repeated items, the spacing ranged from 74ponse window was set to 1000 ms. Thus, th
12 intervening items, with mean spacings of 9.8leadline for the long deadline group was 250(
9.7, and 9.4 words for the old words, features. For the long deadline group, the increases i
primes, and conjunction primes, respectivelyhe wait period (100 ms) and the response win
The spacing within each pair of study primes fatow (250 ms) were expected to give slightly
the single presentation conjunction conditiomore time to utilize recollection. Unlike Experi-
was two words. There were two types of spacaents 1 and 2, participants were informed of the
ings for the conjunction primes in the repeatef@ature and conjunction lures in the test instruc
condition (see Table 3). First there was the nurtiens. The detailed test instructions describec
ber of intervening words within a given presentaiow, if an element of a test word could be re-
tion of the pair (e.g., first presentation of eaclmhembered as an element of a different word i
study prime). This spacing ranged from one tihe study phase, then the test word was certal
three words with a mean of two words. Ofo be new. An example with two study primes
course, because there were multiple presentmd a conjunction lure was provided.
tions of these study primes, there were interven- , )
ing words between presentations of each paresults and Discussion
(e.g., the first presentation of the second word of The mean proportions of old responses (cor
a pair and the second presentation of the firgcted for baseline) are shown as a function ©
word of the pair). The mean spacing betwedtem type in Table 4. As in the prior experi-
presentations of the pairs was 6.3 words (rangaents, the studied item types were identified a
4-10 words). As in the previous two experiold at higher rates than that for new words. The
ments, the design was counterbalanced for th@o groups differed slightly in their false alarm
presentation of the first or second component cdte to new words (long deadline group, .13;
the feature words and the order of conjunctioshort deadline group, .16), but this difference
word components across participants. The stugas not significantq(1,62)=1.29, MSE=.02].
words were presented for 2 s with a 250-ms if-here were very few time-outs (mean rat®1
terstimulus interval, and each study word wafer both groups).
presented one or four times. Participants readThe results reproduced those of Experiment:
each study word aloud as it was presented. 2A and 2B: a short response deadline reduce
The deadline procedures were similar tthe probability of correct responses to old
those for Experiments 2A and 2B. The responserds. Overall, repetition increased the likeli-

TABLE 3

Example Spacing of Repeated Conjunction Study Primes

1st Word, 1st Pres. 2nd Word, 1st Pres. 1st Word, 2nd Pres. 2nd Word, 2nd Pr
blackmail jailbird blackmail jailbird
List position 1 5 13 15
Number of
intervening words 3 7 1

Note The 3 and 1 on the lower line represent spacings within a presentation of a study prime pair, while the 7 is a s|
between presentations of that pair. The mean spacing between repetitiola@kmail blackmai) was 9.4 words.
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TABLE 4 repetition main effect was significai(1,62)=
Mean Corrected Recognition Rates for Each Group by Ite2.65,MSE=.02]. On the other hand, the out-
Type and Number of Study Presentations in Experiment gome of planned comparisons between the rey
etition conditions for the separate groups dic
Deadline Group support our predictions. A 2 (Item type)2
(Repetition) repeated measures ANOVA was

Long Short o
conducted for each group, and the repetitior
Item type 1P 4P 1P 4p  effect was significant for the short deadline
group F(1,31)= 15.38,MSE=.02] but not the
godn'unction .5138&11933) .6272(&1163) .336(&2::2) .5217(i2115))|0ng deadline groupF(1,31) = 1.45, MSE =
Fea:ure 08(14) 10(16) 07(13) .17 (_16).02]. Thus, while the long deadline group ap-

. — peared to have gained some control over fals
Note P, study presentation(s). The mean proportions ¢bcognition of the feature and conjunction lures

old responses appear with the baselines subtracted. .
baseline error rates were similar for the two groups (Ior&g ?S control was not partICUIarly strong. If the

deadline, .13; short deadline, .16). Standard deviatior@ility to control thes_e errors had been strong
appear in parentheses. then feature and conjunction errors would have

decreased as the number of study presentatiol

increased, statistically producing a significant
hood of responding “old.” The only differenceGroupx Repetition interaction.
between the two groups was that the repetition Recollection and familiarity were increased
effect on feature and conjunction errors walsy the repetition of study words. The increase ir
smaller for the long than for the short deadlinfamiliarity resulted in more feature and conjunc-
group. A 2 (Group)x 2 (Repetition)x 3 (Item tion errors for the short deadline group. In fact,
type) mixed ANOVA on the corrected recognithe finding that feature errors increased with
tion scores yielded main effects of Item typstudy repetition provides additional evidence
[F(2,124)=221.89,MSE= .03] and Repetition that these errors need to be accounted for i
[F(1,62)=38.57,MSE = .02], and the interac- theory. The increase in recollection was demon
tion of those factors was significaf(R,124)= strated in the long deadline group by showing
6.55,MSE= .01]. The Groupx Item type inter- only a very slight increase in feature and con
action also was significant(2,124) = 16.27, junction errors with study repetition. The lack of
MSE=.03]. Both groups were expected to show repetition effect for feature and conjunction
a repetition effect for old words, though overaltonditions for the long deadline group does no
performance on old words was predicted to teppear to be due to a distrust of familiarity. If
higher for the long deadline group than for thparticipants in the long deadline group were un
deadline group. A 2 (Groupy 2 (Repetition) willing to respond on the basis of familiarity,
mixed ANOVA on the corrected old word scoreslespite the strong encouragement in the instruc
confirmed this expectation [Group(1,62) = tions, then a general distrust of familiarity
15.65,MSE= .07; RepetitionF(1,62)= 49.06, would have produced lower feature, conjunc-
MSE=.02; the interaction was not significant]. tion, and new word error rates for the long dead

Specific predictions concerning repetition efline group, and significant repetition effects

fects in the feature and conjunction conditionswould have been present for the feature an
were made for the two groups. Study repetitioconjunction conditions.
was expected to increase feature and conjunc-
tion effects for the short deadline but not the EXPERIMENT 4
long deadline group. Although the data appear The use of recollection to avoid feature and
to support this prediction, a 2 (GroupR (Item conjunction errors in Experiment 3 was not par-
type) x 2 (Repetition) mixed ANOVA did not ticularly strong. Therefore, we attempted to de-
produce a significant Group Repetition inter- sign an experiment with study repetitions where
action [F(1,62)=3.24,MSE=.02,p < . 08; the recollection might be used more successfully
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The logic was the same as for Experiment 3, bdent was assigned to a computer station, an
there were a number of changes in the procedutlee number of students tested in a sessio
The first change was a decrease in the lengthrahged from 7 to 14. Each participant receivec
the study list. The goal was to increase recolle$5 as a gift.
tion by using shorter lists. The overall number of Materials. As in the previous three experi-
critical items was maintained by using fouments, 80 sets of triplets were used. Some of th
study—test sequences for each participant. Algoiplets were modified or replaced with words
to decrease the length of the study lists, words that were known to New Zealanders.
the repetition condition were presented three Design and procedurdhe experiment used a
times rather than four. There were 52 trials i@ (Response deadline: short or longd (Item
each study set and 24 trials on each test. On e&gpe: old word-1 presentation, old word-3 pre-
test, there were five item types: old word-1 presentations, conjunction condition-1 presenta:
entation, old word-3 presentations, conjunctiotion, conjunction condition-3 presentations, new
lure with components presented once, conjunerord) design. Response deadline was maniptL
tion lures with components presented three timdated as a between-participants variable, bu
and new word lures. Feature lures were not usdtem type was manipulated as a within-partici-
A major concern was that with the shorter lispant variable. Twenty participants were as-
length, less time might be needed for recollecsigned randomly to each group.
tion. We also wanted to keep time-out rates low. The 80 triplets were divided into five lists of
Therefore, we adopted a response-signal procké triplets. Four different study and test orders
dure for both the short deadline and the longvere made for each study—test block. The order
deadline groups. For the deadline group, a revere based on item type. There were 56 stud
sponse signal appeared 400 ms after the onsettoéls in each study block, but the first 4 and final
the test probe, and the signal was present fdrtrials were buffer trials. Study words were pre-
500 ms. For the long deadline group, the signalented for 2 s with a 250-ms interstimulus inter-
was present for the same amount of time but didal. The mean number of words intervening re-
not appear until after the test probe was presepeated study words was 6.1 and 6.2 for the ol
for 2 s. The increase in the wait period was emaords and conjunction primes, respectively
ployed to increase the likelihood that recollectiorfrange: 3-12 words). The order of the study
would be used to avoid the conjunction errors. lfvord primes for the conjunction conditions was
a participant did not respond while the responseot counterbalanced. Prior experiments in this
signal was present, a warning signal appeargmaper and others (e.g., Jones et al., 2001) ha
for 400 ms, and participants were instructed toot found any difference in conjunction error
respond immediately if the warning signal aprates based on the order of the study wort
peared. The study and test instructions and totatimes; thus, this decision was viewed as trivial.
time per trial were identical for the two groupsThe spacing within a pair of conjunction word
throughout the experiment. The only differenc@rimes was 2.75 words (range: 1-6 words), an
between the two groups was the time before thtbe spacing between presentations of the pai
appearance of the response signal (400 wwas 2.53 words (range: 1-6 words). Both the
2000 ms). Finally, before the first study blockshort and the long deadline groups went throug
participants were told that conjunction lures practice session, which included a practice
would appear on the recognition tests, and an execognition test on words (but not compound
ample was given. words), in order to get used to responding at th
appearance of the response signal.
Method For the experiment proper, the participants
Participants The participants were 40 underwere instructed to read each word silently and t
graduates at Victoria University of Wellington.try to remember it for the memory test. Before
The students were tested in a large room withe first study—test block the conjunction condi-
several individual computer stations. Each stdion was explained, and an example conjunctior
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lure was given. Prior to each test the participantieadline group, .003). Despite the changes i
were reminded that if they remembered part ofraaterials, participants, and procedure, the pat
test word as having appeared in a different wotdrns of the data resembled the patterns fror
in the study set, then they could be certain thHexperiment 3. The long deadline group had ar
test word was new. However, if they were uneverall higher hit rate than the short deadline
sure whether a word was old or new, they weigroup, and both groups showed a repetition ef
to guess “old.” There were 24 trials on each tedgct for old words. The two groups showed
4 for each of the critical item types and 4 fillerabout the same conjunction effect for a single
(all old, from the buffer trials in the studypresentation. However, the short deadline grou
block). Each of the five lists of 16 triplets waslemonstrated a repetition effect for the conjunc
assigned to each item type equally often acrossn condition, whereas the long deadline groug
participants, and each of the items occurred aid not. The false alarm rate was different for
each study block (as each item type) equalthe two groupsk =6.77,MSE=.01].
often across participants. Twenty participants A 2 (Response Group) 2 (Item type)x 2
were used in each group to counterbalance t{iRepetition) mixed ANOVA on the corrected hit
experiment. and conjunction error rates gave significant
On the tests, a focal point{+++) was pre- main effects of Group, Item type, and Repetition
sented for 500 ms followed by a blank scredi(1,38)= 4.26, MSE = .07; F(1,38) = 226.06,
for 250 ms; then a test word appeared. For thSE=.03; and~(1,38)=40.76,MSE= .02, re-
deadline group, 400 ms after the onset of a tegtectively]. The three-way interaction of Group,
word a response signal (a series of asteriskem type, and Repetition was not significant
*xxxx) appeared below the word. The responsdF(1,38) = 1.37, MSE = .01] but was followed
signal was present for 500 ms. If a participantp in a manner consistent with Experiment 3
did not respond while the response signal w&eparate 2 (Response groupp (Repetition)

where the response signal had been located. Hanction error data. The ANOVA for old word
ticipants were told that if they saw the late sigrecognition produced significant effects of
nal, then they had waited too long to respon@roup and Repetition{1,38)= 24.94, MSE =
and that they should enter a response immedd6 andF(1,38) = 49.60, MSE = .01, respec-
ately. If a response was not entered while thiwvely], but the interaction was not significant
late signal was present, the trial timed out. Th = 2.18). Thus, the response deadline de
same procedure was used for the long deadlioeeased the probability of correctly recognizing
group except that the onset of the response sig-
nal did not occur until a test word was present
for 2000 ms. The rate of the test trials was held
constant across the two groups (3.5-s rate). Rdean Corrected Recognition Rates for Each Group by Iten
both groups, after a participant responded théype and Number of Study Presentations in Experiment 4
computer screen was blank for the remainder of
the 3.5-s period. If a response was not entered the
trial timed out, and the screen was blank for the Long Short
remainder of the 3.5-s period.

TABLE 5

Deadline Group

Item type 1P 3P 1P 3P

Results and Discussion
73(17) .88(11) .44 (.20) .66 (.23)

. . Old
Each of the studied conditions (old and COMgnjunction .19 (15) .22 (12) .22(19) .38 (.24)

junction) was identified “old” at a higher proba

bility than baseline, and the means for eac Note P, Study presentation(s). The mean proportions of
' old responses appear with baseline error rates subtracte

study condition (corrected for baseline) appeai,, pceline error rates were slightly different for the two

in Table 4 as a function of group. (The time-OWoups (long deadline, .04; short deadline, .12). Standar
rates were low: short deadline group, .01; longgviations appear in parentheses.
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old words. On the other hand, study repetitioaffect. Without the data from the short deadline
increased the likelihood of correctly recognizingroups, one might incorrectly conclude that
old words. For the corrected conjunction errostudy repetition does not increase familiarity or
data, the effect of Repetition was significantecollection (see also Jacoby et al., 1998).
[F(1,38)=12.82,MSE=.02], but this effect was A two-factor theory (e.g., dual-process theory)
qualified by a significant interactiofr([1,38)= is needed to account for these data, and the th
7.07,MSE= .02]. The repetition effect was sig-ory needs to take retrieval dynamics into consid
nificant for the short deadline group(L,19)= eration. In the dual-process framework, famil-
12.42 MSE= .03] but not for the long deadlineiarity and recollection are alternative bases fol
group F(1,19)= .98, MSE=.01]. responding and are characterized by differen
Similar to Experiment 3, study repetition in-retrieval rates (familiarity is relatively fast
creased both familiarity and recollection. Irwhereas recollection is relatively slow). Feature
fact, the increase in familiarity with study repeand conjunction errors are based on familiarity
tition was a bit more dramatic in the present exout recollection can be used to avoid the errors
periment. This increase was demonstrated Aerefore, feature and conjunction errors are
the repetition effect on conjunction errors fobased on the influence of familiarity in the ab-
the short deadline group. However, recollectiosence of recollection. In contrast, a single
also increased, allowing the long deadline groymrocess model based on a continuum of famil
to counter the increase in familiarity with the infarity strength (e.g., Rubin et al., 1999) cannof
crease in recollection. The result was that repeiecount for our data. For example, the simple
tion effects on familiarity and recollection offsetmodel cannot account for the dissociations be
each other for the long deadline group. tween the corrected recognition scores for olc
words and feature—conjunction lures (a more
GENERAL DISCUSSION complicated model with multiple decision crite-
In Experiment 1, dividing attention at study oria would accommodate these results). Experi
test decreased old—new discrimination but notents 3 and 4 show the importance of a secor
feature and conjunction effects. In Experimentgrocess (e.g., recollection). The familiarity ac-
2-4, decreasing the amount of time to respond ¢ount cannot explain the lack of a significant
the recognition probes decreased old—new disepetition effect for the long deadline groups
crimination but not feature and conjunction efwithout an additional process. (This finding
fects for single study word presentations. Studyould present a challenge for a two-thresholc
repetition increased the hit rate and feature anabdel, as well.)
conjunction effects in a short deadline condition Reinitz and colleagues (e.g., Reinitz & Hanni-
(Experiments 3 and 4). However, a long deadlirgan, in press; Reinitz et al., 1992) have argue
group provided evidence that feature and cothat intentional retrieval (what we refer to as rec-:
junction errors could be avoided through recobllection) can produce conjunction errors. A pre-
lection (Experiments 3 and 4). For those groupdiction in line with this reasoning is that there
no repetition effect was observed on feature aistiould be a higher conjunction error rate for lonc
conjunction error rates. From a standpoint afeadline conditions compared to short deadlin
controlling feature and conjunction errors, a desonditions because more time should provide
crease in conjunction errors with study repetbetter opportunity to use recollection. A seconc
tions would be desirable. However, the lack of prediction is that study repetition should increase
repetition effect on conjunction error rates fothe likelihood of producing a conjunction error,
the long deadline groups in Experiments 3 andeen for a long deadline condition. The results
is encouraging and demonstrates that these &pm our experiments show patterns that are di
rors can be avoided to some degree. The resukstly opposite to these predictions. Our findings
for the long deadline groups also show how offndicate that recollection is not used to produce
setting effects of familiarity and recollection carctonjunction errors. Instead, recollection is usec
occur, resulting in what appears to be a nuib prevent conjunction errors.
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In the present case, the ease of recollectidhe number of study presentations was one
differs for an old word condition and feature andThis same result was obtained under exclusio
conjunction conditions because the retrievahstructions.) Overall, frequency estimation in-
cues are markedly different. A cue in the olctreased for both old and similar item conditions
word condition can be characterized as an exathus, their hunch regarding a negative repeti
conceptual match to the study episode, wheretien effect was not borne out, at least with
a cue in the feature and conjunction condition25 study presentations. The maximum numbe
can be characterized as a conceptual mismataf.presentations in our experiments was four fo
Recognition performance typically relies heavExperiment 3 and three for Experiment 4. Fur-
ily on conceptually driven processes (e.gther research will be necessary to determine i
Roediger et al., 1989). When a retrieval cue ithe predicted outcome from our hunch is
not a good conceptual match for an earlier studgqually elusive.
episode, then it should not be too surprising that Finally, a recall process in recognition also
recognition for the targeted study episode ibBas been considered for word pair stimuli (e.g.
poor. We suggest that the mismatch in concef@lark, 1992; Clark & Gronlund, 1996; Gronlund
tual processing between the study and te& Ratcliff, 1989; Hockley, 1992; Humphreys
phases for the feature and conjunction cond& Bain, 1983; Mandler, 1980) or very similar
tions makes recollection of the concepts fronstudy items and test lures (Clark, 1992; see als
the study phase particularly difficult (though noHintzman et al., 1992, and Yonelinas, 1997). For
impossible). In Experiments 3 and 4, study repexample, pairs of study words (e.g., A—B, C-D)
etition increased the likelihood that, givenoften are rearranged on a later recognition tes
enough time during the test, a study prime wor¢A—D), and the rejection of a rearranged pair by
(concept) could be recollected despite the pooecalling an earlier target pair is referred to ac
retrieval cues. This boost in recollection allowedecalling-to-reject (Clark & Gronlund, 1996). In
participants to avoid committing a feature othe feature and conjunction error paradigm,
conjunction error, despite a parallel increase iwhether recollection (e.g., recall) of the study
familiarity that also was produced by study repprimes precedes, follows, or runs parallel to ar
etition. However, as already noted, this benefaccumulation of information for a familiarity
in recollection was not very strong. A strongemmssessment is an open question (see also Hint
pattern would have been a negative repetition efran et al., 1992). Others have implied that tha
fect for the long deadline groups. when a recall-to-reject approach is employed

The possibility exists that a higher number afecall necessarily follows a familiarity assess-
study repetitions would not decrease the coment (e.g., late correction; Hintzman & Curran,
junction error rate relative to a single study pre4:994). Our position is that, while late correction
entation condition. That is, study repetitioroccurs, early selection should not be ruled ou
might not produce a negative repetition effect ofsee also McElree et al., 1999). That is, informa.
conjunction error rates. Our hunch that sontén that is easily accessed with a recollectior
number of study presentations will be sufficientrocess (e.g., fast recollection) may obviate the
to produce a negative repetition effect is similateed for a familiarity assessment.
to a hunch made by Hintzman, Curran, and )

Oppy (1992) for the rejection of highly similarOther Two-Factor Theories

items (singular vs. plural forms of a word) in a Underwood and colleagues (1976) used e
frequency estimation procedure. In Hintzmatwo-factor frequency distinction to account for
and colleagues’ experiments, after 25 study préature and conjunction errors. That proposa
sentations of a word similar to, but differenincluded two independent frequency counters
from, a test word, the number of frequency esténe for semantic information and one for non-
mations of zero, which reflected the realizatiosemantic information (e.g., visual, phonemic,
that the test stimulus was not presented durirgticulatory). A greater situational frequency
the study phase, was no different from that whemas hypothesized to increase the likelihood o



98 JONES AND JACOBY

endorsing a test word as old. Underwood et dhat is significantly above chance (e.g., Reinitz
reasoned that feature and conjunction erroes al., 1992, 1994), feature errors nearly always
represent mostly nonsemantic errors, and ewecur at a rate above baseline (errors for ne\
dence for this conjecture was later reported btems). We surveyed existing results from studie:
Ghatala and colleagues (1978). The increase fmnducted by Reinitz and colleagues (Reinitz &
feature and conjunction errors with study repdemb, 1994; Reinitz et al., 1992, 1994, 1996)
titions in our Experiments 3 and 4 provides furand found that 14 out of 14 groups falsely recog
ther support for the frequency theory. An innized feature word or face lures at a higher rat
crease in the study presentations increased than baseline. Nine out of 12 comparisons fron
situational frequency for those componentsroll and colleagues’ (1996) paper showed
which increased the false alarm rate for featufeature errors higher than baseline. (This tally
and conjunction lures. Underwood et al. sugxcluded a 1-participant “group” with bilateral
gested that the situational frequency of nonsdamage to the hippocampus.) Three out of thre
mantic information may accrue independentlgonditions yielded more feature errors than base
of semantic information but did not argue thdtne in a paper by Rubin and colleagues (1999)
the influences from the two types of informaFinally, 17 out of 17 conditions showed feature
tion could oppose one another (see also Ghatalaor rates above baseline in our own researc
et al.,, 1978). Therefore, the two-factor fre{Jones et al., 2001, and the present experiment:
quency theory was not developed to predict tHe Rubin and colleagues’ and our own researct
results from Experiments 3 and 4 where partithe differences were all significant. The total
ipants in a long deadline condition showedomes to 43 out of 46 comparisons showing :
some control over feature and conjunctiohigher rate for feature errors than baseline fals
errors. alarms. For experiments using verbal stimuli,
A second two-factor theory of memory thatwhich we used in the experiments here, 26 of 2
has been used to account for conjunction errorspmparisons show this pattern. Thus, feature
but not feature errors, has proposed two types efrors occur reliably and need to be explained.
representations: features, which are low level rep- A second problem with the feature—configura-
resentations, and configurations, which are bas&dn approach is a claim about the availability of
upon the binding of feature representations. Faonfigurative representations. When conjunctior
example, for the study wordghecklist and errors are made, configurations for the corre
needlepointcheck list, needle andpointwould sponding study primes are thought to have no
be encoded as features. Those features could tHeren encoded or to have been selectively forgo
be bound to form the configurationBecklistand ten, leaving only feature representations. The
needlepoint Conjunction errors are thought tocrux of the problem lies in the distinction be-
occur because “subjects selectively forget or fatlveen availability and accessibility (e.g., Tulving
to encode, the global structures [configurations} Pearlstone, 1966). Configurative representa
of the stimuli that were originally studied” tions could be available but not accessible, an
(Reinitz et al., 1996, p. 287). During the test, feathe results from the retrieval manipulations in
tures (e.g.checkandpoini) are retrieved and con- this paper demonstrate this point. Certainly, the
joined in the process of that retrieval (e.g., formfeature—configuration approach could be modi:
ing checkpoint This mental conjunction processfied to account for feature errors and to accour
creates the illusion that the conjunction word wafor the results in our experiments. However, in
presented in an earlier study phase. our thinking, most of these modifications would
One critical flaw with this approach is that ifproduce a theory that resembles dual-proces
does not account for feature errors (Rubin et alheory. In fact, one approach would be to com:
1999). In fact, feature errors have not been cohine the feature—configuration distinction with
sidered to be different from errors for whollydual-process theory. The result would be ar
new items (e.g., Reinitz et al., 1992). Althouglapproach quite similar to, or perhaps the sam
feature errors do not always occur at a likelihoagss, one taken for the combination of an item-
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associative information and a dual-process vieyair. This boost in frequency estimation is simi-
point (Yonelinas, 1997; see below). In this casér to our boost in false recognition in the short
the resulting theory might be redundant. deadline groups.

We turn now to a two-factor theory that has not In the second study, which was conducted by
been used to account for feature and conjunctiételley and Wixted (1997), study repetition of
errors. In this final approach, a distinction isvord pairs (A—C, D-B) did not influence false
made between item and associative informatigecognition of rearranged pairs (A-BRecog-
(or relational information; e.g., Humphreyshition errors for repetition conditions neither in-
1976, 1978; Hunt & Einstein, 1981), and thicreased nor decreased relative to a single stuc
framework has been used in formal models g@iresentation. This result is quite like our results
memory (SAM, Clark & Shiffrin, 1987; in the long deadline conditions. In fact, the in-
Gillund & Shiffrin, 1984, Raaijmakers & terpretation of that result was the same as that |
Shiffrin, 1980; MINERVA2, Hintzman, 1984, our work: Two opposing processes were equall
1988; TODAM, Murdock, 1982, 1983; matrix affected by study repetition but balanced eacl
models, Humphreys, Bain, & Pike, 1989; Pikepther, resulting in a null effect. In addition,
1984, see Clark & Gronlund, 1996, for a cogentonelinas (1997) has argued that for word pair:
discussion on the different modefdp much of recognition of item information is based on
this work word pairs are used as stimuli. Iterfamiliarity and recollection but that recognition
information comes from individual words of aof associative information is based on recollec:
word pair, and associative information concerrngon (see Yonelinas, Kroll, Dobbins, & Soltani,
the relationship or link between the two wordsl999, for a different conclusion for face draw-
Unlike the feature—configurative distinction, theng stimuli).
item—associative distinction has focused on re- Our results bolster the proposal that familiar-
trieval dynamics of the two types of informadity can underlie item information (Yonelinas,
tion. For example, associative information i4997) or associative information (Yonelinas
thought to accrue more slowly than item inforet al., 1999). However, it is not clear whether
mation (Gronlund & Ratcliff, 1989) but decay afeature and conjunction lures should be charac
a slower rate (e.g., Hockley, 1992). terized as containing item information or item

Two studies that have involved study repetiand associative information. Arguably, com-
tion of word pairs are relevant to our presergound words are processed as conceptual uni
work. In a study by Hockley and Cristi (1996)nstead of two separate concepts with an addi
frequency judgments for word pairs (A—B) werdional association that is typical of word pairs.
obtained after a study phase where A-B wds this sense, the compound words appear t
presented. However, the two words (A and Bjontain only item information. On the other
also were repeated in separate pairs (A—C, D-Band, a broader definition has been used fc
during the study phase. Frequency of occuassociative information. In a broad definition,
rence of A and B in different pairs boosted thassociative information is the information that al-
estimated frequency for the pair A-B, and thikbws one to discriminate between old stimuli
effect was greater than that for when just one ahd rearranged stimuli (cf., Clark & Gronlund,
the words (A or B) was repeated in a differert996). By this definition, associative informa-

tion would allow for discrimination of old

2The item—associative distinction and the featureworCIS and feature or conjunction lures. In eithel

configuration distinction are similar, but the former is mor&as€, familiarity underlies the errors.

specific than the latter (also see Chalfonte & Johnson,

1996). For example, the feature—configuration distinction

was used to account for conjunction errors for both verbal

and nonverbal stimuli (e.g., Reinitz et al., 1992). On the *We recently learned through personal communicatior
other hand, the item-associative distinction has undergomdth J. Wixted that a manuscript describing this work has
more development with respect to verbal stimuli (though sdeeen accepted for publication dlmurnal of Experimental
Yonelinas et al., 1999). Psychology: Learning, Memory, and Cognition
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The avoidance of the errors in the long deadource of familiarity (Jones et al., 2001), the
line conditions of Experiments 3 and 4 reflectsurrent experiments were not designed to she
the use of recollection. Again, whether the redight on this issue. Thus, the source of familiar-
ollection of a compound word is based on iterity remains unspecified. An important avenue
information or associative information (or bothfor future research will be to determine the
depends on the definitions of item and associseurce of familiarity that underlies feature and
tive information. Formal memory models mayconjunction errors.
be able to produce conjunction errors for com-
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