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a  b  s  t  r  a  c  t

Strategic  recollection  refers  to  control  processes  that  allow  the  retrieval  of  information  that  is relevant  for
a  specific  situation.  These  processes  can  be  studied  in  memory  exclusion  tasks,  which  require  the  retrieval
of particular  kinds  of  episodic  information.  In  the current  study,  we  investigated  strategic  recollection  in
reality  monitoring  by  event-related  potentials  (ERPs).  Participants  studied  object  words,  followed  by a
picture  of  the  denoted  object  (perceive  condition)  or followed  by the  instruction  to  imagine  such  a picture
(imagine  condition).  At test,  subjects  had  to  identify  words  of  one  study  condition  and  to  reject  words
of  the  second  study  condition  together  with  newly  presented  items.  Data  analysis  showed  that  object
names  were  better  identified  when  items  of the perceive  condition  were  targeted.  In  this  test  condition,
a  left  parietal  old/new  effect  (the  ERP  correlate  of  recollection)  was  observed  only  in response  to targets.
In contrast,  both  targets  and  nontargets  elicited  this  old/new  effect  when  items  of  the  imagine  condition
were  targeted.  The  magnitude  of the  left parietal  old/new  effect  to nontargets  in this  condition  (but  no
other left  parietal  old/new  effect)  correlated  positively  with  the  discrimination  indices  of both  test  condi-
tions.  In  addition,  ERPs  to targets  and  nontargets  differed  at right  frontal  electrode  sites  at  longer  latencies
(1500–1800  ms),  with  more  positive  ERPs  for targets.  Findings  indicate  that  subjects  retrieved  nontarget
information  in  the  more  difficult  task condition,  while  they  relied  on  target  information  alone  in the  less
difficult  task.  This kind  of  strategic  retrieval  was  not  mirrored  in  other  old/new  effects.  The  correlation
between  the  left  parietal  old/new  effect  for nontargets  in  the imagined  item  target  condition  and  the
discrimination  indices  of both  conditions  may  indicate  that  the  ease  of  nontarget  retrieval,  rather  than
the difficulty  of  target  retrieval,  increases  the  likelihood  that  nontarget  information  is  actually  retrieved.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Episodic memory mediates the remembering of personally
experienced events (Tulving, 1972). It can be explicitly stated and
is characterized by retrieval of contextual information, like time,
place, emotion and other details. Consequently, disturbances of
episodic memory are not necessarily characterized by a complete
failure to remember, but sometimes also by insufficient or incorrect
retrieval of contextual information.

It is assumed that control processes guide episodic retrieval and
assure the selective recovery of contextual information. Thus, the
control processes allow the retrieval of information that is relevant
for a specific situation and for specific task demands at hand. Such
control processes have been conceptualized as strategic retrieval

∗ Corresponding author at: Department of Psychology, Experimental Neuropsy-
chology Unit, Saarland University, P.O. Box 151150, D-66041 Saarbrücken, Germany.
Tel.: +49 681 302 64367.

E-mail address: trosburg@mx.uni-saarland.de (T. Rosburg).

(Moscovitch, 1992; Herron & Wilding, 2005). The usage of strategic
retrieval can be studied in memory exclusion tasks (Jacoby, 1991),
because these tasks require the differentiation of source informa-
tion during retrieval. In this kind of experiment, items are studied in
two (or more) different conditions: Word items might, for example,
be presented in a male or female voice. At test, only words of one
study condition are defined as targets, while other items (studied
and unstudied) have to be rejected as nontargets. In order to suc-
cessfully identify test items as targets, item information has to be
recollected together with source information.

While this is necessarily true for target items, a different strategy
might be used for rejecting nontargets, as first outlined by Herron
and Rugg (2003b). Rather than using a ‘recall-to-reject’ strategy
(Clark, 1992), test responses could be based just on target informa-
tion. Subjects might endorse an item as a target if its recognition
is accompanied by the reactivation of matching source-specifying
information and reject all other items for which such information
is not available (Herron & Rugg, 2003b).  Such a strategy would thus
make the retrieval of nontarget source information redundant. In
support of this view, an absence of left parietal old/new effects in

0028-3932/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.neuropsychologia.2011.07.002



Author's personal copy

2958 T. Rosburg et al. / Neuropsychologia 49 (2011) 2957– 2969

response to nontargets has been reported in some event-related
potential (ERP) studies using memory exclusion tasks (e.g. Dywan,
Segalowitz, Webster, Hendry, & Harding, 2001).

This left parietal old/new effect, starting about 500 ms  after the
presentation of a test item, is commonly associated with recollec-
tion. It has been found to be larger after deep encoding tasks than
after shallow encoding tasks (Rugg, Mark, Walla, Schloerscheidt,
Birch, & Allan, 1998). Furthermore, it is larger for correct than incor-
rect source judgments (e.g. Wilding, 2000), and larger for remember
than for know responses (e.g. Düzel, Yonelinas, Mangun, Heinze, &
Tulving, 1997). The lack of a left parietal effect to nontargets in
memory exclusion tasks (e.g. Dywan et al., 2001) indicates that
recollection may, in some instances, be confined to targets.

In order to further clarify the role of nontarget retrieval in exclu-
sion tasks, Herron and Rugg (2003b) conducted a study, which
varied the levels of processing of targets at study while keeping
the encoding of nontargets constant. The authors predicted that
with less reliable target information the recollection of nontargets
should become more likely as it promotes overall task perfor-
mance. Indeed, a left parietal old/new effect to targets, but not to
nontargets, was observed when targets were deeply encoded and
target discrimination was easy. In contrast, an additional left pari-
etal old/new effect to nontargets was observed when targets were
encoded shallowly and target discrimination was  difficult. Thus,
the finding was in line with the assumption that recollection of
nontarget information occurs when target information alone is not
sufficiently diagnostic to make a target/nontarget differentiation
(see also Herron & Rugg, 2003a).

In a follow-up study, it was shown that target accuracy is not the
only determinant of nontarget retrieval (Herron & Wilding, 2005).
In this study, targets were encoded in a pleasantness judgment task
and nontargets in an animacy judgment task. Target accuracy was
modulated by the time delay between the encoding of targets and
the retrieval phase. Unlike the previous study, left parietal old/new
effects for nontargets were absent in both conditions. The authors
concluded that the distinctiveness of the contexts associated with
targets and nontargets might be another, possibly more important
factor for strategic retrieval than task difficulty; that is, if the two
kinds of information are easily distinguishable (as in the case of two
different encoding tasks), it is less likely that nontarget information
is recollected.

In the current study, we were interested in the mechanisms of
strategic retrieval in reality monitoring tasks. This specific form
of source monitoring requires the differentiation of memories of
self-generated information vs. externally perceived information
(Johnson, Hashtroudi, & Lindsay, 1993). Within the source mem-
ory framework, it is proposed that the origin of information is not
tagged and read out of memory (Johnson et al., 1993). Rather, the
attribution to an external or internal source is the result of a deci-
sion process that works on the basis of qualitative characteristics
of the memory trace. Thus, perceptual richness of memories might
be diagnostic for external sources, whereas records of cognitive
operations might be diagnostic for internally generated memories
(Johnson et al., 1993; Johnson, Foley, Suengas, & Raye, 1988).

Failures of reality monitoring are observable in clinical condi-
tions, such as in schizophrenia (e.g. Vinogradov, Luks, Schulman, &
Simpson, 2008) or Alzheimer’s disease (e.g. Mammarella & Fairfield,
2006). They may, however, also be observed in everyday situations
of healthy subjects: In the morning, we might find the computer
still in an operating mode although we were fully convinced that
we switched it off the day before. Routines like switching off a
computer are characterized by repetition and, as a consequence, by
low levels of action monitoring. Under such conditions, a planned
(imagined) action might easily be remembered as performed and
perceived. Yet, little is known about the mechanisms we use for
differentiating between self-generated and externally perceived

information during retrieval, given the high perceptual similarity
of these memories.

To our knowledge, the issue of strategic retrieval in real-
ity monitoring has not been addressed in previous ERP studies.
Instead, these studies addressed retrieval differences between
internally generated and externally presented source information
and between such reality monitoring and mere old-new recog-
nition (Wilding & Rugg, 1997; Johansson, Stenberg, Lindgren, &
Rosén, 2002; Leynes, Cairns, & Crawford, 2005). In the study of
Johansson et al. (2002),  items were encoded in an imagine con-
dition and in a perceive condition that had to be differentiated
at test. In the absence of a behavioral difference, old/new effects
between 600 and 900 ms  were larger for imagined items. There
were, however, no topographical differences between old/new
effects for the two  kinds of items, suggesting that similar processes
support the retrieval of imagined and perceived source infor-
mation. Likewise, Wilding and Rugg (1997) reported larger, but
topographically similar, left parietal old/new effects (500–800 ms)
for words that were spoken as compared to heard at study. Frontal
ERPs in this latency range (500–800 ms)  also differed between the
two kinds of studied items, while a later occurring right frontal
old/new effect (1100–1400 ms)  did not vary between them. In
the study by Leynes et al. (2005),  subjects had to differentiate
at test between words they had either heard or generated dur-
ing study. In this study, generated items were better remembered
than perceived items. Old/new effects were again larger for gener-
ated words but only at an early latency range (400–600 ms). Taken
together, previous ERP findings on reality monitoring suggest quan-
titative rather than qualitative differences between the retrieval of
self-generated and externally perceived information, with old/new
effects being larger for self-generated information, together with a
better retrieval performance for these items in some (but not all)
studies.

The current study aimed to investigate strategic retrieval in
reality monitoring. Participants studied object names in two con-
ditions: in one condition subjects perceived a picture of a named
object (perceive condition), in a second condition subjects had
to mentally create such a picture (imagine condition). In the
test phase, subjects had to identify studied object names of
one condition and to reject object names of the second con-
dition together with new (unstudied) object names. The prime
interest of the study was the modulation of the left parietal
old/new effect to nontargets, depending upon the kind of targeted
information.

In addition, the impact of target status and study condition on
other ERP correlates of retrieval processing was analyzed. For the
early midfrontal old/new effect (400–600 ms), the putative ERP cor-
relate of familiarity, no impact of target status was  expected since
this effect is related to a fast acting and acontextual form of mem-
ory (Rugg & Curran, 2007). In contrast, two  ERP effects indexing
post-retrieval processes could potentially be influenced by strate-
gic retrieval, namely the late posterior negativity (LPN) and the late
right frontal old/new effect.

A LPN usually occurs at the time of response onset, i.e. in source
monitoring tasks at a time point when the source specifying infor-
mation has been retrieved. It has been assumed that the LPN reflects
processes that act to reconstruct the prior study episode when task-
relevant attribute conjunctions are not readily recovered or need
continued evaluation (Johansson & Mecklinger, 2003). According to
this view, one might expect a larger LPN when recollection of tar-
get information is difficult (and nontarget information is retrieved).
However, previous studies have not observed a systematic varia-
tion of the LPN with strategic retrieval (Evans, Wilding, Hibbs, &
Herron, 2010; Herron & Wilding, 2005; Wilding, Fraser, & Herron,
2005). Instead, rather than being tied to strategic retrieval, the
LPN has been suggested to co-vary with the amount of contex-
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Fig. 1. Schematic illustration of the experimental set-up. (A) During the study phase, object names were presented followed by a picture of the denoted object (perceive
condition) or by an empty frame (imagine condition). In the latter condition, subjects were requested to imagine a picture of the named object and project this image onto
the  white frame. The two trial types were mixed during the study block. (B) During the test phase, old items of one study condition were defined as targets. Old items of the
second  study condition had to be rejected together with newly presented items. The two retrieval conditions were labeled as perceived item target condition (PT condition)
and  imagined item target condition (IT condition). Please note that the designation of old items as targets and nontargets were balanced across subjects. Within a subject,
any  old item was presented once and, thus, was  either a target or nontarget. The target category switched after half of the test trials.

tual information associated with the different sources (Johansson
& Mecklinger, 2003; Mecklinger, Johansson, Parra, & Hanslmayr,
2007). Therefore, we expected a larger LPN for imagined items,
since these items are associated with a greater amount of retriev-
able contextual details than perceived items (namely visual object
information plus information about the cognitive operations of gen-
erating them).

The functional role of the late right frontal old/new effect is
not yet fully understood. An influential view holds that the effect
reflects post-retrieval monitoring processes engaged after recol-
lection of source information (Allan, Wilding, & Rugg, 1998; Cruse
& Wilding, 2009) and that the recollection of source information
(as reflected in the left parietal old/new effect) is a necessary, but
not a sufficient prerequisite for post-retrieval monitoring processes
(Wilding & Rugg, 1997). According to this view, the right frontal
effect does not necessarily show a co-variation with the left parietal
old/new effect. Nevertheless, in two studies on strategic retrieval
the right frontal and the left parietal old/new effects did show a
similar pattern (Herron & Rugg, 2003b; Herron & Wilding, 2005).
The idea that the frontal old/new effect reflects post-retrieval mon-
itoring processes, however, is not undisputed. Although monitoring
demands should vary with the difficulty of retrieving source infor-
mation, the right frontal effect has been shown to be unaffected by
task difficulty (Kuo & Van Petten, 2008). Furthermore, some stud-
ies report a right frontal effect in absence of a left parietal effect
(e.g. ERPs to nontargets in Dzulkifli & Wilding, 2005). Given these
ambiguous findings, we made no specific prediction about how
the right frontal old/new effect would be affected by the present
experimental conditions.

2. Methods

2.1. Participants

Thirty-two volunteers (16 female), ranging in age from 18 to 32 years (mean age
22.9 years) took part in the experiment. All participants were students at Saarland
University and reported to be of good health with no history of neurological illness.
Only German native speakers were included. All subjects were right handed and had
normal or corrected-to-normal vision. All subjects were informed about the proce-
dure of the experiment and gave written consent for participation. Participation was
compensated with 8 D /h.

2.2. Experimental procedure

Subjects were tested in a memory exclusion task, with an experimental
set-up adopted from Johansson et al. (2002). During study, object names were pre-
sented on a trial-by-trial basis in one of two conditions: Object names were either
followed by a picture of the denoted object or followed by the instruction to mentally
create such a picture (Fig. 1A). All trials started with the presentation of a fixation
cross for 500 ms  and of an object name for 1500 ms.  In the perceive condition, a
colored picture of the object with a white rectangle as background was  shown for
6000 ms.  During this period, subjects had to examine the picture. In the imagine
condition, the word was followed by a white rectangle without a picture for the
same duration. In this condition, subjects were requested to imagine a drawing of
the named object and to project this mental image onto the white rectangle on the
screen. At the end of each trial, subjects had to rate whether the graphic distinc-
tiveness of the perceived or imagined item was good, fair or bad. Subjects rated the
items by button press on the numerical part of a computer keyboard (with 1 for
good, 2 for fair, and 3 for bad graphic distinctiveness), as soon as a question mark
appeared on the screen. The response initiated the next study trial. No more than
three trials of the same condition occurred in succession.

During test, subjects had to identify word items of one study condition and
to  reject items of the second condition together with new words not presented at
study (Fig. 1B). Trials started with a fixation cross, lasting for 100 ms  and followed
by an empty screen for 400 ms.  Object names were presented for 200 ms.  Items of
each study condition were used as targets at test (perceived item target condition
and imagined item target condition). The target category switched after half of the
trials, with the order of target conditions balanced across subjects. Subjects were
instructed to respond as fast and accurately as possible. A maximal response time of
3800 ms  was  allowed. Subjects responded with their index fingers, using the letters
“C”  and “M”  on a computer keyboard. The assignment of the keys to the response
category (targets vs. nontargets & new) was counterbalanced across subjects.

In  addition to the behavioral task, subjects filled out the Vividness of Visual
Imagery Questionnaire (VVIQ, Marks, 1973) in order to test whether memory per-
formance was modulated by the visual image vividness. The VVIQ was conducted
during the preparation for the EEG recording. VVIQ performance had no impact on
memory performance, as previously reported in Rosburg, Mecklinger, & Johansson
(2011).

2.3.  Stimuli

Words were presented in German on a 17 in. monitor in white 18 pt Courier
New font on a black background. Only words with a length between 3 and 10 char-
acters and a frequency ranging from 1 to 475 occurrences per million were included.
Word frequency was checked with the Celex linguistic database (Baayen et al., 1993).
Ambiguous object names were not included.

The pictures used in this study consisted of colored painted object draw-
ings (Rossion & Pourtois, 2004), originating from the picture set of Snodgrass and
Vanderwart (1980). The pictures were framed by a white rectangle with a consistent
size  of 75% of the screen height and width. Similarly, the pictures displayed within
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the  frame were 75% of the dimensional size of the frame. In the imagine condition,
the  same frame was presented without a picture. Word and picture displays were
centered in the middle of the computer screen, with subjects sitting 60–80 cm in
front of it.

The study list consisted in total of 184 object names and pictures. Items were
grouped into two  lists of 92 items. The word length and word frequency of the two
lists did not differ between lists and their halves. The assignment of the two  lists
to  the study conditions was  counterbalanced across subjects. In each of the test
conditions, there were 46 targets to be identified, and 46 old items of the second
study condition (in the following labelled as nontargets), together with 46 new items
that had to be rejected.

2.4. EEG data

EEG was  recorded continuously from 59 silver/silverchloride EEG electrodes,
embedded in elastic caps (Easycap, Herrsching, Germany). Electrode locations in
these caps are based on an extended 10–20 system (10–10 system). In addition,
electroocular activity was  recorded by two pairs of electrodes placed at the outer
canthi and below and above the right eye. For recording, data were referenced to
the  left mastoid. Data were sampled with 500 Hz and filtered online from 0.016 Hz
(time constant 10 s) to 250 Hz. Electrode impedances were kept below 5 k�.

Offline, data were digitally filtered from 0.1 Hz to 40 Hz (48 dB), with an addi-
tional notch filter in order to suppress line activity, and re-referenced to linked
mastoids. The impact of eye artifacts on EEG activity was  eliminated by a correction
algorithm based on independent component analysis (ICA) and implemented in the
used analysis tool (VisionAnalyzer 2.01, Gilching, Germany). After down-sampling
to  200 Hz, data were exported to EEGLab (Swartz Center for Computational Neu-
roscience, University of California San Diego, USA). Here, a second ICA was  run in
order to eliminate the impact of muscular, electrocardiographic, and technical arti-
facts. Data were segmented into epochs of 3000 ms  duration, including a 500 ms
pre-stimulus baseline. Data were baseline corrected and screened for artifacts that
remained undetected by the ICA procedure. Trials with EEG activity exceeding
±100 �V, exhibiting abnormal trends, or being abnormally distributed (±5 SD from
the  mean) were excluded.

Average ERPs were calculated for identified targets (T), as well as for correctly
rejected nontargets (NT) and correctly rejected new items (NEW), separately for
each of the two  test conditions. The two test conditions are abbreviated as IT (imag-
ined item target condition) and PT (perceived item target condition). In addition,
ERPs to missed targets were calculated (T missed). Due to the low number of trials
with missed targets, data of the two  test conditions were collapsed. Individual ERPs
to  missed targets were only considered for the analysis if a minimum of 8 trials was
at  hand. For all other ERPs, there was a minimum of 16 trials. A detailed analysis
of  retrieval orientation effects (Rugg & Wilding, 2000), contrasting the ERPs to new
item between the two conditions, is reported elsewhere (Rosburg et al., 2011).

2.5. Data analysis

Behavioral data: The discrimination index (Pr) was  quantified as the difference
between the hit rate (P hits) and the false alarm rate to nontargets (P FA), for each
target condition separately (Snodgrass & Corwin, 1988). (E.g. PrPT = P hitsPT–P FAPT,
where PT refers to the test condition). Behavioral responses were compared between
the  two conditions by means of paired t-tests and repeated measure analysis of
variance (ANVOA).

ERP data: In an initial analysis, we assessed the time course and topography
of old/new effects, by contrasting the ERPs to old items and new items. For this
analysis, the mean ERP amplitudes in each target condition were quantified for 100-
ms  bins from 300 to 2000 ms  for targets, nontargets and new items. ERPs were then
compared between old and new items by paired t-tests for each of the 58 scalp
electrodes. Since this analysis revealed old/new effects that corresponded well to
those described in the literature, we do not report it in detail. However, the initial
analysis motivated the analysis of an unexpected late left central old/new effect (see
below). Furthermore, the results of the paired t-tests are incorporated in all depicted
ERP data (Figs. 3–5 and S1–S2). The colored vertical bars at the top and bottom of the
ERP graphs indicate 100-ms bins with significant old/new effects (red bars: target
old/new effects with p < 0.05; blue bars: nontarget old/new effects with p < 0.05).

In  the principal ERP analysis of the current study, we assessed the differences
of  old/new effects between conditions and targets/nontargets at representative
electrodes. For this analysis, the mean ERP amplitudes between 400–600 ms,
600–900 ms,  900–1200 ms,  1200–1500 ms,  and 1500–1800 ms were calculated.
These time windows were chosen based on the study of Johansson et al. (2002),  but
also in accordance with the results obtained by the paired t-tests of the initial analy-
sis.  ERP data were compared by a repeated measure ANOVA with CONDITION (IT vs.
PT)  and STIMULUS (T vs. NT vs. NEW) as within-subject factors at single representa-
tive electrodes. The electrode selection was based on prior research, again taking the
findings of our initial analysis into consideration. If a particular old/new effect was
detected at several neighboring electrodes, the electrode in the spatial middle was
regarded as representative. For example, the left parietal old/new effect was found
to  be largest at the electrodes P3, P5, P7, and PO7. Consequently, electrode P5 was
selected for the analysis. A similar approach was chosen for the other old/new effects
except for the early old/new effect (400–600 ms)  that was  spatially more widespread

compared to the other effects. Here, we decided to analyze the effect at two  elec-
trodes (P5 and Cz), with Cz reflecting best its mid-frontal distribution. Note that the
findings at the two electrodes were highly similar (Table 1). Differential old/new
effects between conditions would be indicated by CONDITION*STIMULUS interac-
tions. When these interactions were significant, the old/new effects were tested
within each condition by calculating a repeated measure ANOVA with STIMULUS (T
vs.  NT vs. NEW) as a within-subject factor.

In order to evaluate the functional significance of the observed old/new effects,
the ERPs to missed targets were also analyzed and compared to ERPs to new items
by  paired t-tests. ERPs to identified and missed targets might share some similarities
(e.g. correlates of retrieval effort), but by definition ERPs to missed targets cannot
reflect successful source recollection. For the analysis of missed targets, ERPs were
collapsed across conditions due to the small number of available trials. We  focused
on  those time windows, for which we had revealed old/new effects for correctly
identified old items (T and NT).

Finally, Pearson correlation coefficients were calculated between left parietal
old/new effects and the Pr values in each condition (Pr IT and Pr PT), and their dif-
ference Pr PT–Pr IT (Pr diff), in order to assess whether the strategic recollection is
associated with the difficulty of target discrimination.

3. Results

3.1. Behavioral data

Behavioral data has been reported before (Rosburg et al.,
2011). Target discrimination (Pr) was  poorer in the imagined
item target (IT) condition as compared to the perceived item tar-
get (PT) condition (Pr IT = 0.65 SD 0.20 vs. Pr PT = 0.74 SD 0.16,
t31 = 4.481, p < 0.001). Detailed inspection showed that the hit rate
was lower (t31 = 3.410, p = 0.002) and the false alarm rate was higher
(t31 = 2.902, p = 0.007) in the IT condition than in the PT condition.

The test conditions also affected the reaction times (RTs). A
repeated-measures ANOVA with STIMULUS (Target, Nontarget,
New items) and CONDITION (PT, IT) as factors revealed a signif-
icant STIMULUS*CONDITION interaction (F2,62 = 9.281, p < 0.001),
indicating that the differences between items varied depending
upon the stimulus type. Between conditions, reaction times dif-
fered for new items (t31 = 3.365, p = 0.002) and targets (t31 = 4.350,
p < 0.001), with slower reaction times in the IT condition (Fig. 2).
No difference between conditions was  found for reaction times
to nontargets (t31 = 1.171, n.s.). Reaction times were always faster
for new items than for both kinds of old items in both conditions
(all t31 > 5.695, p < 0.001). In the PT condition, subjects responded
faster to targets than to nontargets (t31 = 3.595, p = 0.001), while
in the IT condition the corresponding reaction times did not dif-
fer (t31 = 1.692, n.s.). There was no indication of a speed-accuracy
trade-off.

3.2. ERP data: old/new effects for targets in each condition

Typical old/new effects were revealed in the experiment when
ERPs to old items were compared to ERPs to new items. These
effects comprised the early fronto-central old/new effect, the late
left parietal old/new effect, the LPN, and the late right frontal effect.
With the exception of the LPN, all old/new effects were charac-
terized by more positive ERP deflections to old items compared
to new items. Two additional and unexpected old/new differ-
ences were found. First, at left parietal sites, ERPs to old and new
items differed at rather early latencies, which might be due to
an overlap of the early frontal and an early onsetting left pari-
etal old/new effect. Consequently, in the principal analysis the
left parietal effect was  also analyzed in the early time window
(400–600 ms). Secondly, we observed a late left central old/new
effect (900–1500 ms)  not described in the literature. Old/new
effects are graphically depicted for representative electrodes and
as topographic maps in Figs. 3–5 and S1–S3 (Supplementary
Data).
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Table  1
CONDITION and STIMULUS effects.

Time Ch. STIMULUS CONDITION STIMULUS × CONDITION Missed targets

Early fronto-central effect
400–600 ms Cz F2,62 = 11.150 F1,31 = 1.256 F2,62 = 0.600 t23 = 2.552

P  < 0.001 n.s. n.s. P = 0.018
NEW < T, NT NEW < T missed

Left  parietal effect
400–600 ms P5 F2,62 = 27.959 F1,31 = 1.091 F2,62 = 0.824 t23 = 2.954

P  < 0.001 n.s. n.s. P = 0.007
ε  = 0.845
NEW < T, NT NEW < T missed

600–900 ms P5 F2,62 = 18.269 F1,31 = 0.360 F2,62 = 3.669 t23 = 0.997
P  < 0.001 n.s. P = 0.031 n.s.
ε  = 0.800 PT: NEW, NT < T

IT: NEW < NT, T
900–1200 ms  P5 F2,62 = 14.824 F1,31 = 0.019 F2,62 = 9.990 t23 = 0.017

P  < 0.001 n.s. P < 0.001 n.s.
ε  = 0.820 PT: NEW, NT < T

IT: NEW < NT, T
LPN
900–1200 ms  POz F2,62 = 1.016 F1,31 = 1.452 F2,62 = 10.160 t23 = 2.316

n.s. n.s. P < 0.001 P = 0.030
PT: NT < T, NEW T missed < NEW
IT:  T < NT, NEW

1200–1500 ms  POz F2,62 = 5.924 F1,31 = 0.450 F2,62 = 8.970 t23 = 2.171
P  = 0.004 n.s. P < 0.001 P = 0.040

PT: NT < NEW T missed < NEW
IT:  T < NT, NEW

Late  left central effect
900–1200 ms  C5 F2,62 = 6.221 F1,31 = 1.005 F2,62 = 2.402 t23 = 2.547

P  = 0.002 n.s. n.s. P = 0.018
NEW < T T missed < NEW

1200–1500 ms  C5 F2,62 = 7.746 F1,31 = 4.962 F2,62 = 0.600 t23 = 0.627
P  = 0.001 P = 0.033 n.s. n.s.
NEW < T, NT PT < IT

Late right frontal effect
1200–1500 ms  F6 F2,62 = 8.262 F1,31 = 0.295 F2,62 = 0.961 t23 = 1.028

P  = 0.001 n.s. n.s. n.s.
NEW < T, NT

1500–1800 ms  F6 F2,62 = 10.767 F1,31 = 0.241 F2,62 = 0.966 t23 = 0.704
P  < 0.001 n.s. n.s. n.s.
NEW, NT < T

Overview of the ANOVA results: The main effects for CONDITION (IT vs. PT) and STIMULUS (T vs. NT vs. NEW), as well as their interaction are described for the selected time
windows (time) and electrodes (Ch.). In the right column, old/new effects for missed targets are listed.

3.3. ERP data: comparison of old/new effects for targets and
nontargets between conditions

The conducted ANOVA revealed that the early fronto-central
old/new effect, the early left parietal old/new effect, and
the late left central old/new effect did not differ between
conditions and between targets and nontargets. In contrast,
differential old/new effects were detected for the left pari-

etal old/new effect, the LPN and for the late right frontal
old/new effect. The results of the ANOVA are summarized in
Table 1.

An early fronto-central old/new effect was detected in the
latency range from 400 to 600 ms.  ERPs to old items were more posi-
tive than ERPs to new items (Fig. S1).  This old/new effect was similar
for targets and nontargets and did not differ between conditions
(Table 1).

Fig. 2. Mean reaction times (±1SD) for the three kinds of items (targets, nontargets, new) for both conditions separately. In the IT condition, reaction times were significantly
slower  for targets and new items than in the PT condition.
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Fig. 3. The left parietal old/new effects for targets and nontargets in the two  test conditions, for the 600–900 ms (leftmost) and 900–1200 ms  (left next) latency range:
Difference maps are displayed from a left-sided perspective in order to highlight the left parietal old/new effect. Amplitude information is color-coded in these maps. On
the  right, ERPs to targets, nontargets and new items for each condition are shown for the electrode P5 where the left parietal old/new effect was maximal, with data of the
IT  condition at the top and data of the PT condition at the bottom. ERPs to targets are depicted as red lines, ERPs to nontargets as blue lines, and ERPs to new items as black
lines.  The two grey shaded areas in the ERP mark the latency ranges, for which difference maps are displayed on the left. The blue and red bars at the frames of the ERP
data  indicate those 100 ms time bins, for which significant old/new effects were detected by paired t-tests (p < 0.05; red: target effects; blue: nontargets effects). Left parietal
old/new effects were found for nontargets in the IT condition and for targets in both conditions. In contrast, ERPs to nontargets did not differ from ERPs to new items in the
PT  condition.

A left parietal old/new effect was observed from about 400 ms,
with more positive ERPs at left parietal electrode sites to targets.
For the early time window from 400 to 600 ms,  the effect was
similar for targets and nontargets and did not differ between con-
ditions. For each of the two later time windows from 600 to 900 ms
and 900 to 1200 ms,  a significant STIMULUS*CONDITION interac-
tion was found. A comparison of ERPs to the different kinds of
stimuli within each condition revealed that in the PT condition, tar-
gets but not nontargets elicited a significant left parietal old/new
effect. In contrast, both targets and nontargets elicited old/new

effects in the IT condition (Fig. 3, Table 2). A direct comparison of
left parietal old/new effects between the two  conditions revealed
similar old/new effects for targets (600–900 ms:  t31 = 1.217, n.s.;
900–1200 ms:  t31 = 1.518, n.s.), but significantly smaller old/new
effects for nontargets in the PT condition than in the IT condition
(600–900 ms:  t31 = 1.797, n.s.; 900–1200 ms:  t31 = 2.933, p = 0.006).

For the LPN, a significant STIMULUS*CONDITION interaction
was detected in both of the analyzed time windows (900–1200 ms
and 1200–1500 ms). In the IT condition, a LPN was found only in
response to targets. In contrast, only the LPN to nontargets became
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Fig. 4. The LPN old/new effects for targets and nontargets in the two  test conditions, for the 900–1200 ms  (leftmost) and 1200–1500 ms  (left next) latency range: The structure
of  the figure is the same as in Fig. 3, but difference maps are displayed from the back view in order to highlight the LPN effect. ERPs are shown for the electrode POz where
the  LPN effect was  maximal. In both test conditions, the LPN was  larger for items from the imagine condition, as compared to items from the perceive condition.

significant in the PT condition (Fig. 4, Table 2). A direct comparison
of old/new effects between the two conditions revealed a larger
LPN effect for targets in the IT condition (900–1200 ms:  t31 = 2.605,
p = 0.014; 1200–1500 ms:  t31 = 1.913, n.s.) and a larger LPN effect
for nontargets in the PT condition (900–1200 ms:  t31 = 1.858, n.s.;
1200–1500 ms:  t31 = 2.306, p = 0.028).

A late left central and a late right frontal effect were observed
for targets and nontargets in both conditions, with no apparent dif-
ference between targets and nontargets and between conditions
for the 1200–1500 ms  time window (Figs. 5 and S2). In the later
time window (1500–1800 ms), the right frontal ERPs to targets
were larger than the ERPs to nontargets and new items, irrespec-
tive of condition (Table 1). Visual inspection suggested that the
right frontal old/new effect was larger for nontargets in the imag-

ined item target condition, but this effect could not be statistically
substantiated. STIMULUS*CONDITION interactions remained non-
significant even when the comparison was  restricted to nontargets
and new items.

3.4. ERP data: old/new effects for missed targets

The analysis was based on data of 24 subjects who  had ≥8
artifact-free trials of missed targets. ERPs to missed targets were
compared to ERPs to new items. This analysis revealed significant
early old/new effects for missed targets (400–600 ms), as well as a
significant LPN (Fig. S3). In contrast, a left parietal old/new effect,
the late left central and late right frontal old/new effect could not
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Fig. 5. The right frontal old/new effects for targets and nontargets in the two  test conditions from 1200 to 1500 ms  and 1500 to 1800 ms.  The structure of the figure is the
same  as in Fig. 3, but difference maps are displayed from the front in order to highlight the late right frontal old/new effect. ERPs are shown for the electrode F6 where this
effect  was  maximal. In earlier latency range, the late right frontal old/new effects had a similar magnitude for targets and nontargets and did not differ between conditions.
In  the later time window, targets elicited larger old/new effects than nontargets.

be observed (Table 1). Notably, an analysis restricted to subjects
with ≥14 artifact-free trials (n = 17) revealed highly similar results.

3.5. ERP data and behavioral data: correlation of left parietal
old/new effects with Pr values

Left parietal old/new effects were quantified as the difference
values between old and new items between 600 and 900 ms  and
between 900 and 1200 ms  at electrode P5, for targets and nontar-
gets. Only the old/new effect for nontargets from 600 to 900 ms
in the IT condition correlated significantly with discrimination
indices. This was positively correlated with both the Pr value of
the IT condition (r = 0.415, p = 0.018) and the Pr value of the PT con-
dition (r = 0.447, p = 0.010), but not the difference between them
(Pr diff; r = 0.117, n.s.).

4. Discussion

The main findings of the current study can be summarized
as follows: Object names were better remembered when they
had been studied in the perceive condition. In the ERP data, the
early familiarity-related old/new effect (400–600 ms)  did not dif-
fer between the two  test conditions. The late left parietal old/new
effect (600–900 ms  and 900–1200 ms)  was found in response to
targets in both conditions and to nontargets in the imagined item
target condition, but the effect was absent for nontargets in the less
difficult perceived item target condition. The LPN was modulated
by the study task condition: Items of the imagine condition elicited
a larger LPN at test than items of the perceive condition, irrespective
of their status as target or nontarget. The late right frontal old/new
effect was  observed in response to targets and nontargets at early



Author's personal copy

T. Rosburg et al. / Neuropsychologia 49 (2011) 2957– 2969 2965

Table  2
STIMULUS effects in each condition.

PT IT

Left parietal effect
600–900 ms  P5 F2,62 = 18.283 F2,62 = 6.366

P  < 0.001 P = 0.003
NEW < T: t31 = 4.891,
P < 0.001

NEW < T: t31 = 3.077,
P = 0.004

NEW < NT:
t31 = 0.628, n.s.

NEW < NT:
t31 = 2.899, P = 0.007

NT < T: t31 = 4.951,
P < 0.001

NT < T: t31 = 1.036,
n.s.

900–1200 ms  P5 F2,62 = 14.031 F2,62 = 12.358
P  < 0.001, ε = 0.783 P < 0.001
NEW < T: t31 = 4.292,
P < 0.001

NEW < T: t31 = 3.090,
P = 0.004

NEW < NT:
t31 = 1.482, n.s.

NEW < NT:
t31 = 5.394, P < 0.001

NT < T: t31 = 5.009,
P < 0.001

NT < T: t31 = 1.424,
n.s.

LPN
900–1200 ms  POz F2,62 = 2.727 F2,62 = 5.072

n.s. P = 0.009
T  < NEW: t31 = 0.320,
n.s.

T < NEW: t31 = 2.312,
P = 0.028

NT < NEW:
t31 = 1.800, n.s.

NT < NEW
t31 = 0.500, n.s.

NT < T: t31 = 2.504,
P = 0.018

T < NT: t31 = 2.875,
P = 0.007

1200–1500 ms  POz F2,62 = 5.578 F2,62 = 7.440,
P  = 0.006 P = 0.003, ε = 0.837
T  < NEW: t31 = 1.866,
n.s.

T < NEW: t31 = 3.120,
P = 0.004

NT < NEW:
t31 = 3.125, P = 0.004

NT < NEW:
t31 = 1.058, n.s.

NT < T: t31 = 1.542,
n.s.

T < NT: t31 = 2.870,
P = 0.007

The effects of STIMULUS (T vs. NT vs. NEW) in each of the two retrieval conditions:
Only time windows with significant CONDITION x STIMULUS interactions in the
initial ANOVA (Table 1) are described here.

latencies (1200–1500 ms), while at later latencies (1500–1800 ms)
this old/new effect occurred only for target items. A late left cen-
tral old/new effect did not differ between targets and nontargets.
Missed items elicited an early fronto-central old/new effect and a
LPN, but no other old/new effects.

4.1. Behavioral effects

The analysis showed that subjects’ retrieval accuracy was  bet-
ter when they targeted items of the perceive condition. This was
not an expected finding. In a previous ERP study, items of the
two conditions were equally well retrieved, both in a source-
monitoring task and in a recognition task (Johansson et al., 2002).
In the behavioral experiments of Johnson, Kounios, & Reeder
(1994), using the response-signal speed-accuracy trade-off pro-
cedure, source information of imagined items could be retrieved
faster and the source accuracy of imagined items was  better than
for perceived items. However, in that study, the retrieval perfor-
mances for imagined and perceived items were similar at long
time lags (1500 ms)  and when response times were not speeded
by the test procedure. In contrast, studies using verbal mate-
rial showed pronounced retrieval advantages for self-generated
material in recognition and reality monitoring tasks (Leynes
et al., 2005; Riefer, Chien, & Reimer, 2007; Slamecka & Graf,
1978).

Why  is the generation effect for pictorial material sometimes
absent (Johansson et al., 2002; Johnson et al., 1994, unspeeded
response condition) and in some cases, even reversed, such as in
the current study? It is well established that pictures are generally

better remembered than words (the so-called picture superiority
effect, Paivio, Rogers, & Smythe, 1968). Thus, in the perceive con-
dition, verbal material is encoded together with easy to-remember
material (pictures), resulting in strong cue-target associations
(McDaniel, Waddill, & Einstein, 1988). When those pictures are
self-generated (imagined), there may  be no additional gain in the
strength of the cue-target associations, presumably due to a ceil-
ing effect. This is underlined by the finding that both imagine
and perceive conditions have been shown to allow highly effec-
tive encoding of item and source information (Johansson et al.,
2002).

Although effective cue-target associations were established in
both conditions, one can safely assume that the encoded infor-
mation differed between them. As outlined, perceptual richness
of memories can be regarded as diagnostic for external sources,
whereas memories for cognitive operations are diagnostic for inter-
nally generated memory contents (Johnson et al., 1988, 1993).
This has two  major implications for the current study. Firstly,
in our study, the perceptual richness of perceived items was
presumably a more powerful criterion for target identification
than in previous studies (Johansson et al., 2002; Johnson et al.,
1994), because we  used colored versions of the Snodgrass picture
set, which provide more perceptual details than the black-and-
white versions used before (Rossion & Pourtois, 2004). Secondly,
because we used a blocked test design, retrieval accuracy might
have been affected by the homogeneity of source information. For
perceived items, the source information was  homogeneous (pic-
torial information, uniform in style). For imagined items, source
information might have encompassed pictorial information of the
mental images and information on the cognitive operations lead-
ing to their creation. The latter kind of information might in itself
have been heterogeneous, since the cognitive operations leading
to the creation of mental images are not necessarily the same
for all trials, also due to the varying difficulty in creating mental
images.

Taken together, we propose that the two factors (high vividness
of perceived items and the larger homogeneity of source infor-
mation for perceived items in combination with the blocked test
design) favored the retrieval of perceived items and led to better
retrieval accuracy for these items.

4.2. Early fronto-central old/new effect

An early familiarity-related old/new effect was observed for tar-
gets and nontargets, but the effect did not differ between them.
Study condition also had no impact on the magnitude of this
old/new effect, either as a condition effect alone or as an interac-
tion with stimulus status. A similar old/new effect for targets and
nontargets was expected, since familiarity describes relatively fast
acting and acontextual memory processes and consequently should
not be influenced by the definition of an old item as target or non-
target (Czernochowski, Mecklinger, Johansson, & Brinkmann, 2005;
Mecklinger, 2006; Rugg & Curran, 2007). Familiarity-related differ-
ences between heard and spoken words have been described in
previous studies (Wilding & Rugg, 1997; Leynes et al., 2005), but
not between imagined and perceived items (Johansson et al., 2002).
Notably an early old/new effect was also observed for missed items
(but no left parietal old/new effect), suggesting that those object
labels elicited a sense of familiarity (i.e. of having been experi-
enced during the episode), without remembering the study episode
itself. As a consequence, those familiar object names were not cor-
rectly identified as targets. A similar finding of an early frontal
old/new effect for missed targets in an exclusion task was reported
by Bridson, Fraser, Herron, & Wilding (2006).  Taken together, the
findings on the early familiarity-related old/new effect are in accor-
dance with the literature.
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4.3. Late left parietal old/new effect

The late left parietal old/new effect to targets did not differ
significantly between the two test conditions. Thus, the current
findings do not parallel findings of Johansson et al. (2002), who
revealed larger left parietal old/new effects for imagined items
than for perceived items. Johansson et al. (2002) referred the larger
old/new effect for imagined items to the possibility that imagined
items contained a larger amount of potential retrieval cues estab-
lished during encoding than perceived items, i.e. the generation
effect (Slamecka & Graf, 1978). For perceived items of the current
study, the amount of potential retrieval cues was presumably larger
because of the employment of colored and more detailed object pic-
tures (Rossion & Pourtois, 2004), which in turn might have led to
similar left parietal old/new effects for both test conditions.

Our primary interest here, however, was the ERP response to
nontargets. The left parietal old/new effect was absent for nontar-
gets in the PT condition, while it was present for nontargets in the
IT condition. In the latter condition, the old/new effect had a similar
size for targets and nontargets. This finding is in accordance with
the hypothesis of Herron and Rugg (2003b) that retrieval of non-
target information takes place when retrieval of target information
is difficult and, thus, target information alone is not sufficiently
diagnostic for reliable target-nontarget discrimination. The simi-
larity of the two memory traces (both kinds of studied items were
associated with similar visual information) alone does not seem
to be a sufficient prerequisite for nontarget retrieval, as there was
no indication of retrieval of nontarget information when perceived
items were targeted. This finding is in line with previous studies,
showing that the similarity between target and nontarget infor-
mation alone does not have a major influence on whether or not
nontarget information is retrieved (Wilding et al., 2005; Evans et al.,
2010).

Based on the assumption that nontarget retrieval occurs when
target retrieval is difficult (Herron & Rugg, 2003b), one might expect
that the likelihood of nontarget retrieval increases with increasing
task difficulty. Thus, one would expect to observe a negative correla-
tion between the discrimination index Pr in the IT condition and the
left parietal old/new effect to nontargets in this condition. This was
not the case. Instead, positive correlations between the retrieval
accuracy in both conditions and the left parietal old/new effect
to nontargets in the IT condition were revealed. This could indi-
cate that subjects with good retrieval performance were possibly
more efficient in initiating nontarget retrieval in order to pursue the
current task goal when retrieval of target information is difficult.

However, the currently observed correlation between the left
parietal old/new effect to nontargets and retrieval accuracy in both
tasks allows also an alternative explanation. We  propose that non-
target retrieval occurs in situations when the retrieval of nontarget
information is easier than retrieval of target information, regard-
less of the difficulty with which target information is retrieved. This
view can explain the correlation pattern as follows. We  assume
that perceived items are retrieved as nontargets because they
are better remembered and because they more readily reactivate
source-specifying information than imagined items do. The ease
with which items from the perceive condition are retrieved is
reflected relatively purely in the discrimination index Pr of the PT
condition because nontarget information was not retrieved in this
condition, as indicated by the ERP data. Thus, we observe a corre-
lation between the discrimination index in the PT condition and
the left parietal old/new effect to nontargets in the IT condition.
We assume further that the correlation between the left parietal
old/new effect to nontargets and the discrimination index in the IT
condition is driven by the fact that retrieval of nontarget informa-
tion allowed a better performance. Subjects could therefore use the
readily retrieved nontarget information for rejecting nontargets.

Further studies are warranted to test this new hypothesis that
the ease of nontarget retrieval is a major determinant as to whether
and to what extent nontarget information is actually retrieved.
This hypothesis, however, is also supported by previous findings.
Retrieval of nontarget information occurred in the difficult condi-
tion of Herron and Rugg (2003a) but not in the easy condition of
Herron and Rugg (2003b), although the hit rate for targets in the
two conditions (as indicator for retrieval difficulty) was the same.
Thus, the comparison across the two  studies would suggest that
retrieval difficulty for targets alone is not predictive for nontar-
get retrieval (see also Herron & Wilding, 2005). Instead, we  can
firmly assume that the retrieval of nontarget information was  eas-
ier than the retrieval of target information in those study conditions
showing nontarget retrieval. In Herron and Rugg (2003a), nontar-
get retrieval occurred when nontargets had the same format at
study and test (words at study and test), while the formats of tar-
gets differed between the study and the test phases (pictures at
study and words at test), providing a retrieval advantage for nontar-
gets over targets. In Herron and Rugg (2003b), nontarget retrieval
occurred when nontarget information was deeply encoded while
target information was only shallowly encoded, again providing a
retrieval advantage for nontargets compared to targets.

The retrieval of nontarget information in the current and pre-
vious studies (Herron & Rugg, 2003a,b) might actually be driven
primarily by bottom-up mechanisms, in the sense that subjects
do not actively search for source information of nontargets, but
that the presentation of nontarget cues reactivates this information
(cf. incidental recollection, e.g. Richardson-Klavehn & Gardiner,
1995; Kompus, Eichele, Hugdahl, & Nyberg, 2011). However, this
implies that subjects do not need to strategically emphasize pic-
ture retrieval because it is easier to remember, but that subjects
make use of it because the pictorial information comes effortlessly
to mind when the cue is presented. Such bottom-up mechanisms
might be complemented by top down mechanisms of strategic
retrieval, i.e. the voluntary broadening of the retrieval orienta-
tion to target and nontarget information (e.g. initiated by the
experienced task difficulty or by the ease of access to nontarget
information). A similar distinction between top-down and bottom-
up mechanisms of memory retrieval has been made in a recent
model on attentional control of episodic memory (Cabeza, 2008;
Cabeza, Ciaramelli, Olson, & Moscovitch, 2008). An exact differenti-
ation between bottom-up and top-down mechanisms of nontarget
retrieval has yet to be achieved in future studies.

4.4. LPN

We found a larger LPN for items of the imagine condition than
for items of the perceive condition, irrespective of which infor-
mation was targeted. This finding suggests that the LPN was not
modulated by strategic retrieval mechanisms, in line with previous
ERP studies that also did not find a LPN modulation by strate-
gic retrieval (Herron & Wilding, 2005; Wilding et al., 2005; Evans
et al., 2010). The lack of a systematic relationship between strate-
gic retrieval and the LPN indicates that recollection processes as
reflected in the left parietal old/new effect have no (or at best very
little) predictive value for LPN characteristics. This is also supported
by previous findings, showing that the LPN is generated during
erroneous source judgments (Friedman, Cycowicz, & Bersick, 2005;
Leynes & Phillips, 2008; Mecklinger et al., 2007).

The current observation that missed targets elicited a pro-
nounced LPN corroborate the view that LPN generation is not
contingent upon successful retrieval of source specifying infor-
mation, but that the LPN reflects an attempt to reconstruct the
prior study episode when task-relevant attribute conjunctions are
not readily recovered or need continued evaluation (Johansson
& Mecklinger, 2003). This need might be mediated primarily by
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task conditions (e.g. Curran, DeBuse, & Leynes, 2007), but might
also be influenced by recognition confidence (Ranganath & Paller,
2000; Leynes & Bink, 2002; Herron, 2007; Cruse & Wilding, 2009).
Interestingly, in the current study, the LPN to perceived items was
absent (when these items were nontargets) or at best marginally
significant (when perceived items were targets). This might indi-
cate that perceived information was only minimally re-evaluated,
which could be a consequence of relatively effortless retrieval of
this kind of information.

However, the need for a continued evaluation cannot be
regarded as the only factor influencing the LPN characteristics.
Johansson and Mecklinger (2003) argued that the LPN also varies
with the amount of contextual information potentially available
for the reconstruction of the study episode, because the attempt to
reconstruct the prior study episode would include sensory-specific
search and the binding of a recognized item to contextual attributes.
Support for this view was provided by one study from Mecklinger
et al. (2007).  The LPN data of the current study might be interpreted
in similar terms. Items from both study conditions were associated
with visual information, but in the case of imagined items, visual
information was complimented by information about the cogni-
tive operations associated with generating these items (Johnson
et al., 1993). Furthermore, as outlined in the discussion of the
behavioral effects, the source information for imagined items was
potentially more heterogeneous than for perceived items. Thus,
it appears reasonable to assume that the amount of contextual
information potentially available in the test phase was  larger for
items of the imagine condition and, as consequence, could have
resulted in larger LPNs to these items. Yet, the relative contribu-
tion of the two sources of variance on the LPN (experienced need
for a continued evaluation and the amount of available contex-
tual details) cannot be fully determined on the basis of the current
data.

4.5. Late right frontal old/new effect

The late right frontal old/new effect did not differ between tar-
gets and nontargets in the earlier time window (1200–1500 ms),
while in the later time window (1500–1800 ms)  the effect was
larger for targets than for nontargets, irrespective of the retrieval
condition. Thus, not unexpectedly, the pattern observed for the
right frontal old/new effect did not concur with the pattern of
the left parietal old/new effect. Functional dissociations between
the late left parietal and right frontal old/new effects have
been reported previously in studies on ageing (Trott, Friedman,
Ritter, & Fabiani, 1997) and on the effects of source accuracy
(Senkfor & Van Petten, 1998; Van Petten, Senkfor, & Newberg,
2000).

It has been proposed that the late right frontal old/new effect
reflects post-retrieval monitoring processes engaged after recol-
lection of source information (Allan et al., 1998). Following this
account, recollection of source information (as reflected in the left
parietal old/new effect) would be a necessary, but not a sufficient
prerequisite for post-retrieval monitoring processes (Wilding &
Rugg, 1997). In other words, an absent left parietal old/new effect
would be predictive of an absent right frontal old/new effect, but a
present left parietal old/new effect would not allow any firm predic-
tion of the right frontal effect. The current findings fit widely with
the aforementioned assumption of Wilding and Rugg (1997).  The
right frontal effect was negligible for nontargets in the PT condition
and was absent for missed targets, neither of which elicited signif-
icant left parietal old/new effects. Similarly, Herron and Wilding
(2005) did not observe a late right frontal old/new effect to nontar-
gets that failed to elicit a left parietal old/new effect.

Following the account of the right frontal old/new effect as a
reflection of post-retrieval monitoring processes it is, however,

noteworthy that the nontarget effect had a shorter duration than
the target effect, even in the IT condition when nontargets elicited
a left parietal old/new effect. This observation indicates that sub-
jects processed nontargets and targets differently, and suggests that
nontargets underwent less comprehensive post-retrieval moni-
toring processes than targets. This would be in line with the
assumption formulated above that the currently observed nontar-
get retrieval might have been driven more by bottom-up processes
than by top-down processes.

However, the account of the right frontal old/new effect as a
reflection of post-retrieval monitoring processes is not undisputed.
As already outlined, a right frontal old/new effect in the absence of
a left parietal effect has been reported in some studies (ERPs to
nontargets in Dzulkifli & Wilding, 2005; ERPs to hits/missed items
in Cruse & Wilding, 2009). Furthermore, previous findings on the
impact of recognition confidence on the right frontal old/new effect
are difficult to reconcile with the retrieval monitoring account, as
decisions with high recognition confidence were reported to elicit
larger (and not smaller) frontal effects than decisions with low
recognition confidence (Woodruff, Hayama, & Rugg, 2006; Cruse
& Wilding, 2009).

A second view on the right frontal effect claims that the effect
reflects generic decision processes rather than a product of an
episodic retrieval attempt (Dobbins & Han, 2006; Hayama, Johnson,
& Rugg, 2008). The current findings do not support this notion
because it would be difficult to reconcile this position with an
absent frontal effect for missed targets or a difference in effect
amplitude between targets and nontargets. However, it should be
noted that the two  major concepts of the right frontal effect (post-
retrieval monitoring processes and generic decision processes) are
not mutually exclusive.

Taken together, in the current experiment, the right frontal
old/new effect did not follow the pattern found for the left parietal
old/new effect and is therefore regarded as not to be influenced
by strategic retrieval. However, the shorter duration of the right
frontal effect to nontargets than to targets indicates that the post-
retrieval processes reflected in this old/new effect were generally
less engaged for nontargets.

4.6. Late left central old/new effect

The left parietal old/new effect was followed by a late left cen-
tral old/new effect that was not modulated by target status, thus
did not show an indication of strategic retrieval. To our knowledge,
this kind of old/new effect has not been described in the litera-
ture before. Given this and the lack of modulation by target status
and by condition, we  can only speculate about the functional sig-
nificance of this old/new effect. Its topography and timing might
imply motor or reafference functions. However, response buttons
were balanced across the experiment, which should control against
the lateralization of response-related functions. Furthermore, the
effect was also seen for contrasts between new items and nontar-
gets that always required a response with the same finger. Instead,
the left-lateralization might indicate the involvement of language
functions, as e.g. in form of an inner verbalization of the response
decisions for old items.

5. Conclusion

Our findings indicate that subjects retrieved nontarget infor-
mation in the more difficult task condition, while they relied on
target retrieval alone in the less difficult task. This kind of strate-
gic retrieval was not mirrored in other ERP old/new effects, such as
the LPN. The correlation between the left parietal old/new effect for
nontargets in the IT condition and the discrimination indices of both
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conditions possibly indicates that the ease of nontarget retrieval
(and less the difficulty of target retrieval) increases the likelihood
that nontarget information is actually retrieved.
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