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Summary

Functional neuroimaging studies of episodic recognition context-dependent by varying the context in which
memory consistently demonstrate retrieval-associated retrieval was performed; this was done by changing test
activation in right prefrontal regions, including the right instructions. Importantly, study and test stimuli were held
anterior and right dorsolateral prefrontal cortices. In constant, with only the test instructions varying across
theory, these activations could reflect processes associated conditions. Results revealed that the pattern of right
with retrieval success, retrieval effort or retrieval attempt; prefrontal activation varied across retrieval contexts.
each of these hypotheses has some support from previous Collectively, these experiments suggest that right
studies. In Experiment 1, we examined these functional prefrontal regions mediate processes associated with
interpretations using functional MRI to measure retrieval attempt, with the probability of engaging these
prefrontal activation across multiple levels of recognition  regions depending upon the retrieval context. Conflicting
performance. Results revealed similar patterns of right results across previous studies may be reconciled if the
prefrontal activation across varying levels of retrieval influence of retrieval context on the adopted retrieval
success and retrieval effort, suggesting that these strategy is considered. Finally, these results suggest that
activations reflect retrieval attempt. Retrieval attempt  right prefrontal regions activated during recognition are
may include initiation of retrieval search or evaluation of  not critical for successful performance as similar
the products of retrieval, such as scrutiny of specific magnitudes of activation were present across multiple
attributes of the test item in an effort to determine levels of performance. These findings reconcile imaging
whether it was encountered previously. In Experiment 2,  results with the selective effects of prefrontal lesions on
we examined whether engagement of retrieval attempt is retrieval-intensive episodic memory tests.
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Abbreviations: AC = anterior commissure; ANOVA= analysis of variance; APG= anterior prefrontal cortex; BA=
Brodmann area; DLPG= dorsolateral prefrontal cortex; ERP event-related potential; fMR¥ functional MRI; rCBF =
regional cerebral blood flow

Introduction

Human memory consists of multiple forms of learning whichcues and products in working memory, the generation and
differ in the component processes and neural networks thamitiation of a retrieval search, the recovery of information
mediate their acquisition and retrieval (e.g. Cohen and Squirdrom episodic memory and the evaluation of the relevance
1980; Graf and Schacter, 1985; Roediger, 1990; Tulving andf retrieved information to the current task goal (e.g.
Schacter, 1990; Squire, 1992; Gabrieli, 1998). One importanRaaijmakers and Shiffrin, 1981).

form of learning is episodic memory, which refers to memory Retrieval from episodic memory is subserved by multiple
for experiences that are associated with a specific spatial arfitain regions, including the prefrontal cortex. Prefrontal
temporal learning context (Tulving, 1972, 1983). Retrievallesions yield strategic processing deficits that result in select
from episodic memory is thought to entail the consciousepisodic retrieval impairments (Shallice, 1988; Milrgdral.,
recollection of aspects of the past, and consists of multipld991; Shimamura, 1994). Functional neuroimaging studies
component processes including the representation of retrievaf episodic retrieval using PET or functional MRI (fMRI)
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have consistently revealed retrieval-associated activations when a low success (high effort) condition was compared
right anterior prefrontal cortex (APC), at or near Brodmannwith baseline, but not when a high success (low effort)
area (BA) 10, and right dorsolateral prefrontal cortex (DLPC),condition was compared with baseline (Schacgtr al,
at or near BA 46 and 9. Both regions of activation havel996).
tended to be right lateralized, although there have been Rugget al.(1996) posit that these apparent inconsistencies
reports of left anterior activation (e.g. Schacteml, 1996y, may be reconcilable. First, they note that overall behavioural
Tulving et al., 1996). Right APC and right DLPC activation performance was poor in the Nyberd al. (1995) study,
generalizes across episodic retrieval tasks and stimulus formsising the possibility that these authors may have been
including word-stem cued recall, word and picture paired-unable to detect success-related differences due to modest
associate recall, and recognition of faces, complex pictureglifferences in success across conditions. Secondly, they posit
sentences and words (for reviews, see Buckner, 1996; Nybetbat there is a non-linear relationship between the number of
et al, 1996). Right APC and right DLPC activation has successful retrievals and prefrontal regional cerebral blood
been reported during direct or intentional episodic retrievaflow (rCBF) such that each successful retrieval elicits a
but not during indirect or incidental retrieval (e.g. Squire nearly asymptotic rCBF response that persists for a period
et al, 1992; Rugget al, 1997; Wagneret al, 199). of time longer than the neural response due to the temporal
Activation in these regions does not appear restricted tdlurring of the haemodynamic time-constant (Fristdiral.,
episodic retrieval, however, as activation has also been notet®94). From this perspective, persisting rCBF responses in
during performance of working memory tasks (e.g. Petridesow success conditions reduce the rCBF differences between
et al, 1993; Fiezet al, 1996; Gabrieliet al, 1997). high and low conditions, even though the neural responses
Three functional interpretations of retrieval-associated rightn these two conditions are markedly different.
prefrontal activation have been proposed. The ‘retrieval- Although Rugget al. (1996) suggest that previous results
attempt’ hypothesis posits that right prefrontal activationmay be reconciled within a single retrieval-success
reflects processes associated with attempts to retrieve tHemework, the pattern of results across previous studies
past (Kapuret al,, 1995; Nyberget al, 1995). Although not raises not only the possibility that right prefrontal activation
entirely specified, attempt processes may include initiatioormay not be tightly coupled with success, but also that it may
of a retrieval search or evaluation of the products of retrievalnot be entirely independent of it either. The variable pattern
Importantly, the probability of engaging these processes isf results obtained across previous studies may be due to
thought to be independent of the success of such retrievdletween-study differences along two critical dimensions.
attempts. Alternatively, right prefrontal activation may reflectFirst, as posited by Ruget al. (1996), the magnitude of the
the extent of ‘retrieval effort’ associated with attempts tobehavioural differences between the various levels of success
remember (Schacteet al, 199@), with such activation may be an important consideration when attempting to
increasing with increasing retrieval effort. To the extent thatexamine right prefrontal activation. Secondly, it is worth
poor memory for events necessitates greater effort to retrieveoting that the test instructions provided to participants varied
these memories, then this hypothesis predicts that righiicross studies and even across conditions within studies
prefrontal activation should be inversely related to retrieval(e.g. Tulvinget al, 1994, 1996). These differences in test
success. Finally, the ‘retrieval-success’ hypothesis posits thastructions may result in differences in the adopted retrieval
right prefrontal activation is associated with processes thadtrategy. Both of these factors raise the possibility that a
accompany the successful recollection of a past experienagitical component of episodic retrieval that has not been
(operationalized as a ‘hit’ in recognition of a correct retrieval extensively considered is the context in which retrieval
in recall; Rugget al,, 1996). Success processes may includds performed. Specifically, under certain testing situations
integration of the retrieved item and contextual informationparticipants may be more, or less, biased to engage in
or post-retrieval evaluation. Importantly, this account assertgxtensive retrieval search or post-retrieval evaluation. As the
that such processes cannot occur when retrieval has beeetrieval context varies, either due to differences in retrieval
unsuccessful. success or to task expectancies that arise from the test
Prior studies have failed to provide unambiguous supporinstructions, the adopted retrieval strategy may vary.
for any of these functional interpretations. Consistent with We conducted two fMRI studies aimed at further
retrieval attempt, three PET studies of episodic recognitiorelucidating the functional significance of prefrontal activation
revealed similar right prefrontal activations across conditiongluring episodic retrieval. These studies were designed to test
varying in retrieval success (Kapetal, 1995; Nybergetal,  the attempt, effort and success hypotheses by considering
1995; Rugeet al, 1997). However, apparently contradictory the effects of performance levels and test instructions, on
results come from three PET studies of recognition thatight prefrontal activation. In these studies, attempts were
demonstrated greater right prefrontal activation with greatemade (i) to ensure that the performance levels between
retrieval success (Tulvingt al., 1994, 1996; Ruget al, conditions were considerably different, (i) to implement
1996; see also Bucknet al., 199&). Finally, a PET study conditions where the persisting-response interpretation could
of word-stem cued recall provides support for the retrieval-be functionally tested and (iii) to vary the retrieval context
effort hypothesis, with anterior prefrontal activation occurringby varying the test instructions under which retrieval is
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performed. In Experiment 1, right prefrontal activation wasMethods
examined during ‘High', ‘Low’ and ‘New' recognition participants

condjtions. In Experiment 2, test instructic_ms were directlyrqr the behavioural study, 16 volunteers (aged 18—24 years)
manipulated to consider the effects of retrieval context. participated. Data from two participants were excluded and
replaced because they failed to follow the task instructions.
_ For the fMRI study, nine right-handed volunteers (seven
Experiment 1 female and two male, aged 19-34 years) participated. Data
In Experiment 1 prefrontal activation was examined as &rom two additional participants were collected but excluded,
function of success on a recognition memory test. Thregne due to a susceptibility artefact and the second due to
levels of success (High, Low and New) were created by (i¥ailure to follow the task instructions. All participants gave
varying the nature of operations engaged during encodingnformed, written consent and were from the Stanford
using a levels-of-processing technique (Craik and Lockhartcommunity. The study was approved by the Institutional
1972), and (ii) varying the density of studied items appearingReview Board at Stanford University.
on the recognition test. High performance was created by
testing memory for words studied twice in a semantic manner,
with target density at test being high (60 out of 66 test items
were old). Low performance was created by testing memorMaterials
for words studied once in a non-semantic manner, with targeThe stimuli were 528 abstract or concrete nouns (3-10 letters
density also being high (60 out of 66 were old). The Newlong); half were printed in upper case and half in lower case.
condition was created by testing memory for words, the vasEight 60-item blocks were created such that each block
majority of which had not been studied, thus target densitycontained: 15 upper-case abstract words (e.g. ‘LOVE’), 15
was very low (6 out of 66 were old). In three fMRI scans, lower-case abstract words (e.g. ‘hope’), 15 upper-case
activation during recognition (High, Low or New) was concrete words (e.g. ‘SHOE’) and 15 lower-case concrete
compared with that during a non-memory baseline conditiorwords (e.g. ‘dog’). Blocks were matched for word length
consisting of silent reading of novel words (Read). In aand word frequency. The remaining items were divided into
fourth scan, blocks of High recognition success were directlyeight 6-item blocks; each block contained three abstract and
compared with blocks of Low recognition success (Fig. 1).three concrete words. Three were in upper case and three
The logic of this experiment parallels that of the earlier PETwere in lower case letters.
studies (e.g. Kapuet al., 1995; Nyberget al., 1995; Schacter Two kinds of study lists were created: Low performance
et al, 199@). To the extent that retrieval success markedlyand High performance. Low performance lists consisted of
differs across the three recognition conditions, each functiongl23 unique items, 120 items from two of the 60-item blocks
interpretation of right prefrontal activation predicts a uniqueplus three items from one of the 6-item blocks, randomly
pattern of results (Table 4). To verify that levels of retrieval ordered once. High performance lists consisted of 123 unique
success would markedly differ across the High, Low andtems, 120 items from two other 60-item blocks plus the
New conditions, a separate behavioural study was conductemther three items from the one 6-item block; the 123 items
prior to scanning, to examine recognition performance anéppeared once in a random order and then a second time in
response latencies under these conditions. a new random order.

High performance vs. Reading

High Read High Read cee

Low performance vs. Reading

1 scan = 6 alternating
task cycles

11 stimuli per block:
Low Read Low Read o High and Low

* 10 studied
* 1 unstudied

New vs. Reading New
¢ 10 unstudied
New Read New Read cee * 1 studied
Read

* 11 unstudied

High performance vs. Low performance

High Low High Low cee

Fig. 1 Schematic diagram of the four recognition test scans in Experiment 1.
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Four 132-item test lists were created; each contained 1®ere instructed to determine whether each presented test
test blocks of 11 items each. Six of the test blocks consistedem had been previously studied, and to respond if they
of a random sequence of 10 items from a given 60-itentecognized the word as studied. Prior to New blocks, an
block plus one item from a given 6-item block. The otherinstruction cue was presented (‘Task—New’). Again,
six test blocks consisted of items from a different 60-itemparticipants were instructed to determine whether each test
block and a different 6-item block. Each test list alternateditem had been previously studied (but, to control for the
back and forth six times between the two kinds of test blocksnumber of motor responses across conditions, participants
The four test lists were presented in the same fixed ordewvere instructed to respond if they failed to recognize the
When combined with the study lists, there were four kinds ofitem). Prior to Read blocks, an instruction card was presented
test conditions. The Low—Read sequence alternated betwegiTask—Read’). Participants were instructed to read each word
blocks of 10 studied items from the Low study list plus onesilently to themselves, and to respond upon completion. The
unstudied item and blocks of 11 unstudied items. The High-computer recorded responses and response latencies.

Read sequence alternated between blocks of 10 studied items
from the High study list plus one unstudied item and blocks
of 11 unstudied items. The New—Read sequence alternatddlRI study procedure
between blocks of 10 unstudied items plus one studied itenmaging was performed with a 1.5-T whole-body MRI
(across the six blocks, three were Low and three were Highjcanner (General Electric Medical Systems Signa, Rev. 5.5,
and blocks of 11 unstudied items. The High—Low sequenc&Vaukesha, USA). Two 5-inch-diameter local receive coils
alternated between blocks of 10 studied items from the Highwere bilaterally positioned over the prefrontal cortex to obtain
study list plus one unstudied item and blocks of 10 studiedhe activation signal. Head movement was minimized by
items from the Low study list plus one unstudied item. Theusing a ‘bite bar’ formed with each participant’s dental
following counterbalancing was performed acrossimpression. A J*-sensitive gradient echo spiral sequence
participants: (i) each test condition appeared in each of théNoll et al,, 1995; Glover and Lai, 1998), which is relatively
four possible test positions (first, second, third and fourth)insensitive to pulsatility motion artefacts (Glover and Lee,
(ii) the order of the two kinds of blocks in each test condition1995), was used for functional imaging [repetition time
was counterbalanced (i.e. the Low and Read conditions wer@R) = 720 ms; echo time (TE}> 40 ms; flip angle= 65°].
paired as Low—Read and as Read—Low); and (iii) items wer&or each scan, 120 images were acquired continuously over
counterbalanced across the High, Low, New and Read blocks. 346-s session from each of eight coronal slices (6 mm
thick; 1-mm inter-slice space; 2.35-mm in-plane resolution)
situated 14-63 mm rostral to the anterior commissure (AC).
Behavioural study procedure Four interleaves were obtained for each image, with a total
The experiment consisted of two study phases, followed bycquisition time of 2.88 s per image.;-Weighted, flow
four ‘yes—no’ recognition tests. A Low performance phasecompensated spin-warp anatomy images (FR500 ms;
was immediately followed by a High performance phase. Fominimum TE) were acquired for all sections imaged during
both, individual words appeared centrally on a computethe functional scans.
screen for 2000 ms, each followed by a 400-ms inter-stimulus Prior to functional data collection, participants were
interval. In the Low study phase, participants judged whetheengaged in the Low and High study phases coincident with
each word was printed in upper-case or lower-case letteracquisition of T-weighted sagittal localizer and in-plane
Half of the participants responded to words in upper case bgnatomy images. Following the study period, functional scans
pressing the slash key (/') on the keyboard and did notwere conducted during performance of the four recognition
respond otherwise, and half responded to words in lowetest conditions. Participants responded by pressing a
case with the slash key. In the High study phase, participantgneumatic bulb. Stimuli were generated from a computer
judged whether the word represented an abstract or concreémd back-projected onto a screen located above the
concept; half were instructed to respond to abstract wordparticipant’s neck; visual images were viewed in a mirror
and half responded to concrete words. Words on the Higlmounted above the participant’'s head.
study list appeared twice in a spaced manner.

Following this study, participants advanced to four test
conditions (Fig. 1). For all conditions, individual words fMRI data analysis
again appeared centrally (2000 ms on; 400-ms inter-stimulubnage reconstruction was performed off-line by transferring
interval). The High—Read, Low—Read and New—Read testhe raw data to a Sun SparcStation (Sun Microsystems,
conditions consisted of six alternating-task cycles; eactMountain View, Calif., USA). The data were resampled into
alternated between blocks of a recognition memory task and Cartesian matrix and then processed with a 2D fast Fourier
blocks of a reading baseline task. The fourth condition, High-transform. Once individual images were reconstructed, the
Low, consisted of six alternations between blocks of Hightime series from each pixel was correlated with a reference
and Low recognition. Prior to High and Low blocks, an waveform. The reference waveform was calculated by
instruction cue was presented (‘Task—OId’). Participantsconvolving a square wave representing the time course of
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the alternating task conditions with a data-derived estimatéow (Low—Read) and New (New—Read) in the context of
of the haemodynamic response function (Fristoal., 1994). the reading (Read) baseline, and High (High—Low) and Low
For the present study, the task frequency was ~0.017 H@ ow—High) in the context of each other (Table 1). Unless
(six cycles over 346 s). The resulting correlations wereotherwise indicated, am-level of 0.05 was used for all
transformed into az-score map (SPM{}) (Friston et al,  statistical tests. The results revealed considerable differences
1994). Because this study tests particular hypotheses, pixeis retrieval success (indexed by the number of hits) and
that satisfied the criterion oZ > 1.96 (representing retrieval effort (indexed by recognition accuracy and response
significance atP < 0.05, two-tailed) were selected and latency) across the recognition conditions.

overlaid on the corresponding-veighted structural image.

For display purposes, the SPMs were processed with a

median filter with spatial width of 3 pixels to emphasize Nymbers of hits and false alarms

spatially coherent patterns of activation. » Retrieval success declined across the conditions from High
To analyse functional activation across participants, thg, | ow to New. Hits were greater than false alarms
SPM{Z} maps were averaged. Each section from eachpenayioural studyF(1,15)= 1257.68; fMRI studyF(1,8) =
participant  was transformed onto a corresponding 0 30]. There was a significant memory-conditioritem-
standardized coronal section (Talairach and Tournoux, 198%pe interaction [behavioural study(4,60) = 252.15: fMRI
at the same distance rostral to the AC (see Desneral,  gy,4yF(4,32) = 135.19]; hits were greater in the High-Read
1995). _FoII(_)wmg tra_nsformatmn, the avera@escore_fpr than the Low—Read conditions [behavioural sy, 15) =
each p|xel in a section was compgted across part|C|pantsl,149_68; fMRI studyF(1,8) = 229.34] which were, in turn,
and pixels that reached a statistical threshold Rf<  greqter than those in the New—Read condition [behavioural
0.05 (two-tailed) were displayed on each map. Stereotamgtudy,:(l’w): 51.58: fMRI studyF(1,8) = 28.64], whereas
coordinates for clusters of activation within these averageg,se ajarms were greater in the New—Read than in the High—
SPMs (statistical parametric maps) were obtained using thBooq conditions [behavioural studiy(1,15) = 9.42; fMRI
coordinate system of the Talairach and Tournoux (1988)5tudy F(1,8) = 34.65] which, in turn, did not differ from
atlas. Activations exceeding a cluster size threshold of tWQp,ose in the Low—Read condition (bbEh < 1.0). Neither

pixels are described, with the reported coordinates;iis nor false alarms differed between the High-Read and
corresponding to the centroid of the cluster. The Maximuyigh_| ow conditions (bothF < 1.04), nor between the

Z-score for each cluster is also reported. Low—Read and Low—High conditions (bofh< 1.0).
To assess the pattern of activation across levels of

recognition performance (High, Low and New), further
analyses were conducted on ‘regions of interest’ identified
as regions significantly associated with recognition at théA‘CcuraCy _
group level: bilateral APC, right DLPC, bilateral frontal ACCUracy Chis — Praise alam} differed across the memory
opercular cortex, medial prefrontal cortex and bilateralconditions [behavioural studk(4,60) = 62.41; fMRI study
posterior inferior frontal gyrus. These anatomical regiond (4:32) = 24.05]; accuracy was superior in the High-Read
were identified in each individual participant, and the regioncondition than in the New-Read condition [behavioural study
of interest were specified as the subset of pixels within thd (1,15) = 16.02; fMRI studyF(1,8) = 9.36] which was, in
region that demonstrated greater activation during any ofurn, superior to that in the Low—Read condition [behavioural
the recognition conditions relative to the baseline for thaStudyF(1,15)= 36.42; fMRI studyF(1,8) = 10.37]. Accuracy
individual. Once these regions of interest were specified, thi@S higher in the High-Low than in the High-Read condition
meanZ-score across the region of interest was determined! the behavioural studyF{(1,15) = 4.71], whereas it was
for each participant for each condition. For each region off0Mparable in these conditions in the fMRI stuéy< 1.0).
interest, an analysis of variance (ANOVA) was performed to/n both studies, accuracy was similar across the Low—High
determine whether the magnitude of activation within the?nd the Low—Read conditions (both< 1.0).
region varied systematically across the levels of recognition
performance. Further, tatest was conducted on the mean
score over each region of interest from the High versus LonResponse latencies
comparison to determine whether this value systematicalljResponse latencies were only collected during the behavioural
differed from zero. study. They differed across the memory conditidr@|60)=
8.12]; mean median reaction times were shorter in the High—
Read than in the New—Read conditioR(1,15) = 6.39]
which, in turn, were shorter than those in the Low—Read
Results condition [F(1,15) = 4.25]. Response latencies were similar
Behavioural results in the High—Read and High—Low conditions & 1.0), and
The behavioural and fMRI studies yielded performancein the Low—Read and Low—High condition8(fL,15)= 1.42,
results from five memory conditions: High (High—Read), P> 0.20]. Thus, both accuracy and response latency measures
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Table 1 Experiment 1: recognition performance from behavioural and fMRI studies

Test condition

High—Read Low—Read New-Read High—Low Low—High
Behavioural study
Hits 0.92 (55.2) 0.25 (15.2) 0.59 (3.6) 0.91 (54.8) 0.27 (16.2)
False alarms 0.22 (1.3) 0.08 (0.5) 0.10 (6.3) 0.10 (0.6) 0.10 (0.6)
Accuracy 0.70 0.17 0.49 0.82 0.18
Reaction time (ms) 798.7 958.8 886.8 804.2 917.2
fMRI study
Hits 0.77 (46.3) 0.25 (14.9) 0.63 (3.8) 0.81 (48.4) 0.24 (14.3)
False alarms 0.11 (0.7) 0.09 (0.6) 0.22 (12.9) 0.07 (0.4) 0.11 (0.7)
Accuracy 0.66 0.16 0.42 0.73 0.13

Numbers in parentheses correspond to the raw number of hits and false alarms for each condition.

Table 2 Experiment 1: regions of increased activation during episodic recognition

Region Talairach coordinates Zmax BA
X y z
High > Read
Medial prefrontal/anterior cingulate -2 21 41 6.36 6, 8, 32
R anterior prefrontal 32 56 2 5.31 10, 11
R dorsolateral prefrontal 46 35 19 5.10 46, 9
R posterior inferior prefrontal 41 14 35 4.50 9, 8, 44
R frontal operculum 35 21 -3 4.32 47
L posterior inferior prefrontal —44 14 31 3.66 9, 8, 44
L frontal operculum =31 21 4 3.60 47
L anterior prefrontal -43 49 1 3.36 10
Low > Read
R frontal operculum 36 21 -1 5.70 47
R anterior prefrontal 29 56 -7 5.46 10, 11
L frontal operculum -30 21 3 5.13 47
Medial prefrontal/anterior cingulate -2 21 41 4.98 6, 8, 32
L posterior inferior prefrontal -43 14 28 4.62 9, 8, 44
R dorsolateral prefrontal 45 35 18 4.35 46, 9
R posterior inferior prefrontal 40 14 32 3.93 9 8
New > Read
R anterior prefrontal 26 56 -6 5.85 10, 11
R frontal operculum 34 21 -3 4.95 a7
Medial prefrontal/anterior cingulate 2 21 37 4.74 6, 8, 32
L posterior inferior prefrontal —44 14 27 3.69 9, 8, 44
R posterior inferior prefrontal 39 14 35 3.42 9, 8
R dorsolateral prefrontal 44 35 18 2.79 46, 9

R = right; L = left.

indicate that retrieval effort differed across the High, Low hypotheses, and are generally consistent with those from

and New conditions. the retrieval-attempt perspective (Table 4). Importantly, the
demonstration of activation in the New condition cannot be
accounted for by the success hypothesis.

The fMRI results

Analysis of the functional data revealed greater activation in

a number of prefrontal cortical regions during recognitionRight APC

relative to baseline, including the right APC and right In all three scans in which recognition was compared with

DLPC (Table 2). Region-of-interest analyses revealed thathe baseline condition, recognition resulted in greater right

the magnitudes of activation across the three levels oAPC activation (Fig. 2). Right APC activation extended

performance (High, Low and New) relative to baseline wereapproximately from 49-63 mm rostral to the AC, and was

comparable (Table 3). These results are inconsistent witkituated in the right middle frontal gyrus, frontomarginal

predictions from the retrieval-success and retrieval-efforisulcus and lateral orbital sulcus (at or near BA 10 and 11,
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Table 3 Experiment 1: mea-score for each region of interest and level of recognition

performance

Mean Z-score across region of interest

New—Read Low—Read High—-Read High—Low
R anterior prefrontal 1.41 1.30 1.91 0.19
L anterior prefrontal 0.95 1.18 1.56 0.13
R dorsolateral prefrontal 1.53 1.56 1.74 0.07
R frontal operculum 1.46 1.70 1.65 -0.03
L frontal operculum 1.23 1.48 1.45 -0.01
Medial prefrontal/anterior cingulate 1.47 1.63 1.76 -0.05
R posterior inferior prefrontal 1.37 1.52 1.83 0.22
L posterior inferior prefrontal 1.22 1.59 1.63 0.09
R = right; L = left.

Table 4 Experiment 1: predicted and resulting pattern of Right DLPC

right APC and right DLPC activation

Hypothesis Predicted pattern from

behavioural results

Retrieval success
Number of hits

Retrieval effort
Accuracy (inversely related)
Response latency

High> Low > New = Read

Low New > High > Read
Low New > High > Read

All levels of recognition resulted in greater right DLPC
activation relative to baseline (Fig. 2), with this activation
situated in right middle frontal gyrus and inferior frontal
sulcus (at or near BA 46, 9; Table 2) extending approximately
from 28-35 mm rostral to the AC. At the group level, the
magnitude of this activation appeared to decline across
the High—Read, Low—Read and New-Read comparisons.
However, there was considerable individual variability in the

Retrieval attempt

pattern of activation across the three memory conditions. The
Independent of performance

region-of-interest analysis indicated no effect of memory
condition & < 1.0; Table 3). The High—Low scan failed to
reveal a significant difference in right DLPC activation, and
the region-of-interest analysis demonstrated no difference
either £(8) = 0.84,P > 0.40].

High Low = New > Read

Actual functional results

Right APC activation
Right DLPC activation

High= Low = New > Read
High= Low = New > Read

Table 2). At the group level, this frontopolar activation Other regions demonstrating retrieval-associated

appeared to be greater in the High—-Read comparison than @ctivation
the Low—Read and New—Read comparisons. To asse$®ecognition resulted in greater activation in bilateral frontal
whether this difference was systematic across subjects, thapercular cortex, medial prefrontal cortex (near the anterior
meanZ-score for the right APC region was computed for cingulate) and bilateral posterior inferior frontal gyrus relative
the High—Read, Low—Read and New—Read comparisons fdo baseline (Fig. 2). For all regions, the region-of-interest
each participant. The region-of-interest analysis indicatednalysis indicated that the memory condition did not affect
that the memory condition did not systematically affect thethe magnitude of activation (af < 1.05,P > 0.35; Table
magnitude of right APC activatio[2,16)= 1.43,P > 0.25;  3). Further, the High—Low scan failed to reveal a significant
Table 3]. Consistent with this finding, the High—Low scan difference in any region, with the region-of-interest analysis
failed to reveal a significant difference in right APC also demonstrating no differences (Blivalues> 0.10).
activation; the region-of-interest analysis demonstrated no Frontal opercular activation was present in the anterior
difference eithert[8) = 1.25,P = 0.25]. insular and inferior frontal cortices (at or near BA 47) situated
At the group level, a significant cluster of retrieval- approximately 21-28 mm rostral to the AC (Table 2).
associated activation was present in the left APC only in théAlthough previous studies of episodic retrieval have
High—Read comparison. However, as with the right APC,demonstrated activation in this region (e.g. Buckeenl,
there was considerable individual variability in the pattern1995, 1996), frontal opercular activation is not specific
of activation across memory conditions, with the region-of-to episodic retrieval as activation has been noted during
interest analysis failing to reveal an effect of memoryperformance of other tasks, including: (i) semantic
condition [F(2,16) = 1.15,P > 0.30; Table 3]. Further, the classification of words (e.g. Wagnet al, 199A); (ii) target
High—-Low scan failed to reveal a significant difference detection of auditorily presented verbal and non-verbal stimuli
in left APC activation, and the region-of-interest analysis(Fiez et al, 1995); and (iii) maintenance of verbal material
demonstrated no difference eithé¢f8) = 0.86,P > 0.40]. in working memory (e.g. Desmonet al, 1996; Fiezet al,
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High vs. Read

Fig. 2 Composite coronal images of activation in three sections correspondii@p+35 and+56 mm rostral to the AC. Each

column displays the composite from one section (indicated at the bottom), and each row displays data from one condition (indicated
above). All composites refle@-scores averaged across all participants. Regions that show greater activation during the memory
condition relative to the reading baseline are overlaid on the corresponding coronal section from the stereotaxic atlas of Talairach and
Tournoux (1988). In all conditions, greater activation was present in right APC (A), right DLPC (B), medial prefrontal cortex near the
anterior cingulate (C) and bilateral frontal opercular cortex (D). For all figures, the left side of the image corresponds to the left side of
the brain.

1996). The functional significance of frontal opercular Buckneret al, 1996; Wagneet al, 1991). This activation
activations has yet to be resolved; one suggestion is that this consistent with the possibility that the phonological and
region mediates a high-level articulatory or phonologicalarticulatory demands were greater during recognition relative
coding (Fiezet al, 1995), which may differ across the to baseline.
recognition and reading of words. Medial superior frontal cortex activation bordered the
Posterior inferior frontal activation was present bilaterally anterior cingulate (at or near BA 6, 8 and 32) and was
in inferior frontal gyrus, middle frontal gyrus and inferior situated approximately 14—21 mm rostral to the AC. As with
frontal sulcus (at or near BA 9, 8 and 44) situatedfrontal opercular activation, previous PET studies of episodic
approximately 14—21 mm rostral to the AC. The location ofand semantic retrieval have visualized activation in a similar
this activation in the left hemisphere falls near the regionregion (e.g. Raichleet al, 1994). This medial prefrontal
frequently visualized during phonological working memory region may correspond to the anterior extent of the
tasks (e.g. Awhet al, 1996) and has been previously supplementary motor area, or pre-supplementary motor area
visualized during episodic retrieval of verbal stimuli (e.g. (Picard and Strick, 1996), and may mediate the internal
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generation of motor programmes required for respondingnstructions. These instructions, modelled after those of
(e.g. Buckneret al, 1996). The functional significance of Tulving et al. (1994, 1996), informed participants of the
this activation within the context of retrieval is not yet known. relative probabilities of old and new items in each condition.
In the High condition, participants were instructed to monitor
for the few new items; in the New condition, participants
Regions of decreased activation were instructed to monitor for the few old items. Importantly,
Two regions of decreased activation were present across alie study conditions and test materials were identical in
three memory conditions relative to baseline. Posteriorlythese two scans, with the critical difference being the test
there was a decrease in the left middle frontal gyrus (at omstructions provided.
near BA 8, 9 and 46) situated approximately 14-28 mm In Experiment 2 the success hypothesis (Ragal., 1996)
rostral to the AC (with High—Read,,,., = —4.29 for cluster was further examined. Demonstration of right prefrontal
X, ¥, z = —44, 28, 31, andZ,,, = —3.48 for —38, 21, 43; activation in the New condition in Experiment 1 is
with Low-Read,Z.x = —4.23 for —42, 28, 30, and,,,, = inconsistent with this hypothesis. In Experiment 2, two
-3.60 for —40, 21, 41; with New—Read,,,, = —4.08 for  standard-instruction scans [High—-New (Standard 1) and
—42, 28, 29, and,,,x = —4.41 for =34, 21, 50). Anteriorly, High—New (Standard 0)] were used to compare High and
there was a decrease in medial orbital frontal cortex (at oNew conditions directly. The New condition in the High—
near BA 10, 32), situated approximately 42—-49 mm rostraNew (Standard 0) scan was a pure condition (each block
to the AC (with High—ReadZ,,,x = —5.28 for -5, 49, —3; consisted of 11 new items). To the extent that right prefrontal
with Low—Read,Z,,,, = —5.01 for —4, 49, -5; with New— activation reflects retrieval success, both scans should reveal
Read,Z.x = —4.05 for -5, 49, -4). greater right prefrontal activation in the High than the New
condition.

Experiment 2
The results of Experiment 1 are consistent with studiesMethOdS
supporting right prefrontal activation as a reflection OfParticipants

retrieval attempt, rather than retrieval success or effort.s. iaht-handed volunt wo f | df |
Resolution of between-study inconsistencies is critical tg ix right-handed volunteers (two females and four males)

understanding the functional contributions of right prefrontalfrom th? Stanford communlty (ageq 19-30years) participated.
activation. We propose that the retrieval context plays eﬁ" participants gave informed, written consent.
pivotal role in influencing the nature of processing engaged
during retrieval. Depending on the retrieval context,
participants may be more or less biased to engage in extensiMaterials and procedure
retrieval search or post-retrieval evaluation. Aspects of th&he stimuli were a subset of those used in Experiment 1.
retrieval context that may influence the probability of Two study lists were created; each consisted of 192 unique
engaging in these processes include on-line monitoring oitems, 180 items from three of the 60-item blocks plus 12
retrieval performance and expectations that arise from testems from two of the 6-item blocks. Three 132-item test
instructions. For example, in two previous studies supportingdists were created in a manner identical to that in Experiment
the retrieval-success interpretation, participants were providetl. There were three test conditions. The High—New
with different instructions during the high and low success(Standard 1) and High—New (Biasing 1) sequences alternated
conditions (Tulving et al, 1994, 1996). An alternative between blocks of 10 studied items plus one unstudied item
interpretation of the results from these studies is that differenand blocks of 10 unstudied items plus one studied item, and
retrieval strategies were adopted in the old and new tedhe High—New (Standard 0) sequence alternated between
contexts because of the differences in test instructions (sd@ocks of 10 studied items plus one unstudied item and
below). blocks of 11 unstudied items. Across participants, the test
In Experiment 2 we tested the hypothesis that rightposition of the High—New (Standard 1) and High—New
prefrontal activation reflects the strategic search or postfStandard 0) conditions was first and second equally often.
retrieval evaluative processes postulated by attempt theories, The imaging procedure was identical to that in Experiment
and that the probability of engaging in these processes variels with the exceptions that (i) a prototype whole-head receive
across retrieval contexts. In two scans, High and Newcoil was used for five participants and local receive coils
recognition were directly compared (Fig. 3). In the High—were used for one participant, and (ii) for two participants,
New (Standard 1) scan, recognition took place in the contexfunctional images were corrected for motion-related artefacts
of ‘standard’ test instructions (i.e. by determining whetherusing the automated image registration algorithm for the in-
the test item was old, as in Experiment 1). The ‘1’ denoteplane dimensions (AIR 2.0; Woodx al, 1992). The study
the number of new and old items in the High and Newphase consisted of ‘abstract versus concrete’ decisions for
blocks, respectively. In the High—-New (Biasing 1) scan,words presented twice in a spaced manner. Three recognition
recognition took place in the context of ‘biasing’ test scans were conducted (Fig. 3). In the High—New (Standard 1)
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High vs. New — Standard 1

High New High New v 1 scan = 6 alternating
task cycles

11 stimuli per block:
High
* 10 studied
* 1 unstudied
New — 1
* 10 unstudied
« 1 studied
New -0
¢ 11 unstudied

High vs. New — Standard 0

High New High New e

High vs. New — Biased 1

High New High New oo

Fig. 3 Schematic diagram of the three recognition test scans in Experiment 2.

Table 5 Experiment 2: recognition performance

Performance condition

High (S1) New (S1) High (B1) New (B1) High (S0) New (S0)
Hits 0.90 (54.2) 0.89 (5.3) 0.86 (51.4) 0.81 (4.8) 0.85 (50.8) -
False alarms 0.11 (0.7) 0.10 (6.2) 0.28 (1.7) 0.05 (3.2) 0.06 (0.3) 0.09 (5.8)
Accuracy 0.79 0.79 0.58 0.75 0.79 -

High (S1) and New (S1) are from the High—New (Standard 1) condition; High (B1) and New (B1) are from the High—New (Biasing 1)
condition; High (S0) and New (SO0) are from the High—New (Standard 0) condition. Numbers in parentheses correspond to the raw
number of hits and false alarms for each condition.

and High—New (Standard 0) scans, the instructions for HighlNumbers of hits and false alarms

and New blocks were identical to those in Experiment 1. InA two X two X two repeated_measures ANOVA [instructions
the High—New (Biasing 1) scan, participants were informed(Standard 1 and Biasing %) memory conditionx item type]

of the nature of the test blocks. Prior to High blocks, anon the data from the High-New (Standard 1) and High—-New
instruction cue was presented (‘Task-New’) which informed(Biasing 1) conditions revealed that hits were greater than
the participant that the majority of the test words would befalse alarms F(1,5) = 232.10]. The memory-condi-
studied, but that there would be a minority of new, unstudiedijon x item-type interaction was significantF(l,5) =
items. Participants were instructed to note the appearance 9b6.61]; hits were greater in the High than in the New
these new items by making a response. Prior to New blockgonditions F(1,5) = 367.75], whereas false alarms were

aninstruction cue was presented (‘Task—Old’) which informedmarginally greater in the New than in the High conditions
the participant that the majority of the test words would be[F(1,5) = 4.46,P < 0.10].

new, but that there would be a minority of old, studied items.
Participants were instructed to note the appearance of these
studied items by making a response. Due to concerns th@iccuracy
the biasing instructions might have an impact on subsequent two x two repeated-measures ANOVA (instructions
performance in the standard conditions, the High—-Newmemory-condition) on the data from the High-New
(Biasing 1) scan was always performed last. (Standard 1) and High—New (Biasing 1) conditions revealed
that accuracy did not differ across instructiodg1,5) =
3.09,P > 0.10] or across memory conditiof(L,5) = 1.03,
Results P > 0.35]. However, the instructions memory-condition
Behavioural results interaction was reliableH(1,5) = 8.10]; accuracy was similar
The three scans yielded performance measures for six memoiy the High (Standard 1) and New (Standard 1) conditions
conditions: High (Standard 1), New (Standard 1), High(F < 1.0), but lower in the High (Biasing 1) than in the New
(Biasing 1), New (Biasing 1), High (Standard 0) and New (Biasing 1) condition [f(1,5) = 15.22]. An analysis of hits
(Standard 0). The results revealed considerably more hits iand false alarms revealed that this accuracy difference reflects
the High than in the New conditions, and lower accuracy ina significantly greater false alarm rate in the High (Biasing 1)
the High (Biasing 1) condition (Table 5). condition [F(1,5) = 50.36]. A separate analysis of recognition
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accuracy in the High (Standard 1) and High (Standard ORight DLPC

conditions revealed no difference between these twqn the standard-instruction scans, right DLPC activation did

conditions P > 0.50). not differ across conditions (Fig. 4). In contrast, there was
greater activation in a focal region of right DLPC during
the High condition when recognition was performed under

The fMRI results biasing instructions. This activation in the right middle frontal

The pattern of right prefrontal activation varied acrossdYTUs (at or near BA 9 and 46) was situated approximately
retrieval contexts; right prefrontal activation did not differ 28-35 mm rostral to the AC (Table 6). A repeated measures
across High and New recognition under standard instructiond!NOVA was conducted on the meafiscores for the right
whereas under biasing instructions it was greater during thPLPC region of interest (Table 6). This region-of-interest
High condition. These results suggest that: (i) right prefrontaPnalysis revealed a significant effect of scan comparison
activation does not reflect retrieval success and that failurek (2:5) = 6.52]; there was a greater activation in the High~—
to reveal activation when comparing conditions of differing NéW (Biasing 1) contrast compared with the High-New
frequencies of success do not reflect a persisting-responégtandard 1) contrast(1,5) = 7.06], and compared with
mechanism:; (ii) retrieval attempt is an incomplete accounfn® High-New (Standard 0) contrask(l,5) = 11.87].

of retrieval-associated right prefrontal activation; and (iii) The _H|gh—NeW (St.andard 1) and High-New (Stand_ard 0)
right prefrontal activation is sensitive to retrieval context, conditions did not differ from each othef & 1.0). Exclusion

with recruitment of retrieval-attempt processes varyingOf the participant who failed to demonstrate activation in any
across contexts. scan did not change this pattern. No other prefrontal region

demonstrated a significant difference in activation in any of
the three scans.

Right APC

Right APC activation did not differ across conditions when
standard instructions were given [High—New (Standard 1
and High—New (Standard 0)], but was greater during th
High condition when biasing instructions were given [High—
New (Biasing 1); Figs 4 and 5]. Five participants demonstrate(z
activation in the anterior extent of the right middle frontal

General discussion

n these two fMRI studies we examined right prefrontal
activation across recognition conditions that varied in retrieval
uccess, retrieval effort and retrieval context. The results of
oth experiments are inconsistent with the retrieval-success
gyrus, in the frontomarginal sulcus and in the lateral orbitaland reftrieval-effort hypotheses, at least as_initially postulated,
gyrus (at or near BA 10 and 11), situated approximately 56->> neither success nor effort systematically affected the
63 mm rostral to the AC (Table 6). The sixth participant pattern of activation in the r_|ght APC.: and right .DLPC' The
demonstrated no difference in any prefrontal region in an esults are generally consistent with the retrieval-attempt

scan comparison. To examine the pattern of right Apdﬂypothesis; those from Experiment 2 indicate that retrieval
' ftempt is not constant across all episodic retrieval situations.

activation across the three scan comparisons, a repeateg ther. th bability of ! it ¢ ;
measures ANOVA was conducted on the m&ascores for atner, the probabliity ot engaging attempt processes 1s
context-dependent. These results contribute to a growing

the right APC region of interest [scan comparisons: High— ) . N
New (Standard 1), High—New (Standard 0) and High—NeV\POdy of seemingly contradictory findings; between-study

(Biasing 1)]. This region-of-interest analysis revealed a‘differences in memory performance and persisting success-

: - : induced haemodynamic responses have been posited to
marginally significant effect of scan comparisdf(2,5) = ccount for thesye inconsist%ncies (Rugy al 1896)

2.89,P = 0.10; Table 6]; there was a trend towards a greateﬁ| th ¢ i i t that neither i
right APC activation in the High—New (Biasing 1) contrast OWEVEr, ne present experiments suggest hat nether 1s a

compared with the High-New (Standard 1) contr&gL[5) = Iikgly gandidate for resc_)lving the \_/ariab.ility of right.prefrontal
3.53,P < 0.10], and a greater activation in the High—New activation across studies. ConS|der§1t|on of the influence of
(Biasing 1) contrast compared with the High—New (Standar({etrleval qontext on the adopteq retrieval strategy may serve
0) contrast F(1,5) = 5.01]. The High—New (Standard 1) and to reconcile these inconsistencies.

High—New (Standard 0) conditions did not diffeF (<

1.0). When the region-of-interest analysis was re-computed

excluding the participant who failed to demonstrate activatiorLevels of recognition performance

in any scan, the main effect was significah{4,4) = 6.71]:  The present studies are inconsistent with the retrieval-success
there was a greater right APC activation in the High—Newhypothesis for the following reasons: (i) comparison of New
(Biasing 1) contrast compared with the High—New (Standardlocks with baseline revealed right prefrontal activation even
1) contrast F(1,4) = 11.44], and compared with the High— though there were only 3.8 successful retrievals in the New
New (Standard 0) contrast(1,4) = 8.47]. Again, the High— condition (Experiment 1); (ii) two different comparisons of
New (Standard 1) and High—New (Standard 0) conditiondNew and High conditions failed to demonstrate differential
did not differ from each otherH{ < 1.0). right prefrontal activation even though there were over 50
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High vs. New High vs. New High vs. New
Standard-0 Standard-1 Biasing-1

Fig. 4 Composite coronal images of activation in two sections correspondirgBiband+63 mm rostral to the AC. Each row displays

the composite from one section (indicated at left), and each column displays data from one condition (indicated at top). All composites
reflectZ-scores averaged across all participants. Regions that show greater activation during the High condition relative to the New
condition are overlaid on the corresponding coronal section. Greater right APC (A) and right DLPC (B) activation was present in the
High condition only during the Biasing instructions scan.

successful retrievals in the High conditions and only 5.3 o(46.3) to Low (14.9) to New (3.8) conditions. In Experiment
zero successful retrievals in the New conditions (Experimen®, there were significantly more successful retrievals in the
2, standard instructions); (iii) High, Low and New conditions High (Standard 1) and High (Standard 0) conditions (54.2
produced a similar pattern of right prefrontal activationand 50.8, respectively) relative to the New (Standard 1) and
when compared with baseline, even though retrieval succegsew (Standard 0) conditions (5.3 and zero, respectively). In
markedly differed (Experiment 1); and (iv) comparison of neither case did different levels of retrieval success result in
High and Low conditions failed to demonstrate differential reliable differences in right prefrontal activation.
right prefrontal activation even though there were 34 more
successful retrievals in the High condition (Experiment 1).
These results indicate that retrieval success is not a necessall[}'(l o ) )
condition for right prefrontal activation, and that the TN€ persisting-response interpretation and
magnitude of activation in these regions is not directly tiedretrieval success
to the frequency of retrieval success. Rugg et al. (1996) also posit that previous demonstrations
Previous reports of similar right prefrontal activation of similar activation in comparisons of high and low success
across differing levels of retrieval success may be partiallyconditions are not due to an insensitivity of the right prefrontal
attributable to overall poor levels of memory performancecortices to retrieval success, but to temporal blurring of
(Rugg et al, 1996). However, the present experiments rulesuccess-induced haemodynamic responses. The present
out this interpretation as similar right prefrontal activationresults are inconsistent with this interpretation: (i) it seems
was present across conditions where memory behavioumlikely that the right prefrontal activation observed when
differed markedly. In Experiment 1, there was a substantiatomparing New with baseline conditions is the product of
decline in the number of successful retrievals from the Highpersisting responses to the 3.8 retrieved items in the New
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High vs. New - Standard-1

YY)

High vs. New - Biasing-1

Fig. 5 Functional activation maps for one anterior section from each of three participants (S01, S02 and S03). Each column displays data
from one section from one participant (indicated below each column), and each row displays data from one condition (indicated above
each row). None of the subjects showed significant differences in right APC activation in the High versus Low condition comparison
under Standard instructions (top row), but all three showed greater activation during the High condition under Biasing instructions

(bottom row).

Table 6 Experiment 2: regions of increased activation during High (relative to New) recognition

Mean Z-score across
region of interest

Region Talairach coordinates Zmax BA

X y z

High > New (Biasing 1)

Right APC 20 63 -9 3.28 10, 11 1.70

Right DLPC 37 35 35 2.77 9, 46 1.53
High > New (Standard 1)

Right APC No differential activation 0.94

Right DLPC No differential activation 0.85
High > New (Standard 0)

Right APC No differential activation 0.80

Right DLPC No differential activation 0.65

condition (Experiment 1); (ii) it seems unlikely that failure to visualize activation when comparing High (Standard

persistence of the responses to 5.3 successful retrievals @) and New (Standard 0) conditions cannot be attributed to
the New (Standard 1) condition could produce activation thapersisting activation as there were no successful retrievals in
did not differ from that produced by 54.2 successful retrievalghe New (Standard 0) condition (Experiment 2).

in the High (Standard 1) condition (Experiment 2); and (iii) The persisting-response interpretation also is inconsistent
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with a linear haemodynamic response model (Boymtbal,  are inconsistent with this formulation of retrieval attempt as
1996; Dale and Buckner, 1997). The persisting-responsa context-invariant state change. Rather, these results extend
interpretation posits that, although the neural response dhe attempt interpretation by demonstrating that engagement
right prefrontal cortices is linearly related to retrieval successpf attempt processes varies across retrieval contexts.
the haemodynamic response is not a linear function of Why did the standard and biasing retrieval contexts produce
the neural response. This suggestion is not supported bgifferent patterns of activation? One possibility is that the
demonstrations that the haemodynamic response, at least lbigasing instructions induced different retrieval strategies in the
measured by fMRI blood oxygen level dependent signalHigh and New conditions, whereas the standard instructions
operates approximately as a shift-invariant linear system sucimduced the same strategy in the two conditions. By informing
that the observed signal elicited by a number of events iparticipants in the New (Biasing 1) condition that most of
closely approximated by the sum of the signals elicited bythe test items would be new and that their task is to identify
each event (Boyntost al, 1996; Dale and Buckner, 1997). the few old items, participants may have adopted a retrieval
Thus, temporal blurring of success-induced responses doasrategy of only assessing the relative familiarity of each test
not appear to be the source of results that are consistent wigtrobe (e.g. Jacoby, 1991). The old items were probably
the retrieval-attempt hypothesis. considerably more familiar than the new items due to their
Additional evidence that right prefrontal activation is not having been conceptually processed during learning (Wagner
dependent on retrieval success comes from an event-relatetlal, 199%€) and they may therefore have been more easily
fMRI study that examined right prefrontal haemodynamicdiscriminable through familiarity alone. Such a strategy would
responses associated with recognition judgements for newender an organized retrieval search, or careful evaluation of
and old words presented in an intermixed manner at teshe products of retrieval, unnecessary. In contrast, under
(Buckneret al, 199&). In that study, new items correctly conditions where participants are aware that most stimuli
identified as new, and old items correctly identified as oldwill be old [High (Biasing 1)], or where they have no
elicited similar haemodynamic responses in the right APCexpectations about the nature of the test lists (the standard
This finding complements the present demonstrations thahstructions conditions), participants may engage in search
right prefrontal activation is greater when comparing Newand evaluative retrieval processes during each recognition
recognition with the baseline, and does not differ whenattempt. This interpretation assumes that it is easier to
comparing New and High recognition conditions underdiscriminate a familiar item from a group of unfamiliar items,
standard test instructions. Collectively, these data providéhan it is to discriminate an unfamiliar item from a group of
strong evidence indicating that retrieval success is nofamiliar items. The behavioural data provide some support
necessary for retrieval-associated right prefrontal activationfor this interpretation, as participants were significantly less
accurate in the High (Biasing 1) condition.
Alternatively, the biasing instructions may have increased
) . the probability of retrieval attempts in the High (Biasing 1)
Retrieval context affects right prefrontal condition. Participants were significantly less accurate in this
activation condition, frequently failing to identify the new items. The
Consideration of the context in which retrieval is conductedbiasing instructions, however, informed participants that they
may provide a framework for reconciling the apparentlyshould be able to identify a few of the test probes as
contradictory results across studies. Experiment 2 revealedew. Such performance expectations may have encouraged
two different patterns of right prefrontal activation, one participants to persist in their retrieval attempts even when
consistent with retrieval success and the other consistent witthose attempts met with failure. In contrast, participants
retrieval attempt, in a single group of participants underprobably did not have expectations about the nature of the
conditions where the encoding and the test stimuli were heldest lists under the standard instructions. For each test probe
constant and only the retrieval context varied. Differences ithey may have initiated a few attempts to retrieve. If these
the pattern of activation across studies may reflect acrossttempts resulted in failure, the attempts are aborted. This
study differences in retrieval context. interpretation is related to the retrieval-effort hypothesis, as
The hypothesis that the processes engaged during retrieviasuggests that in some situations additional retrieval attempts
vary across retrieval contexts builds upon the attempmay be necessary in order to perform the task (Schacter
hypothesis. The original formulation of the retrieval-attemptet al., 1996). However, this interpretation differs from the
hypothesis implies that these processes will be similarlyretrieval-effort hypothesis as it suggests that differences in
engaged across all conditions requiring episodic retrievaiemory performance need not produce differences in right
(Kapur et al, 1995; Nyberget al, 1995). This position is prefrontal activation. Differences in activation may arise only
most strongly asserted during characterization of attempt a® the extent that the retrieval context results in a bias to
retrieval mode, which is thought to be a state changeontinue to engage in retrieval attempts. In this way, retrieval
associated with thinking back in time; retrieval mode ‘setscontext plays an influential role by guiding participants
the stage’ for the recovery of specific episodes from longtowards a particular retrieval strategy.
term memory (e.g. Wheel@t al, 1997). The present results  Experiment 2 reconciles the conflicting results between
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studies supporting the attempt hypothesis and some of thoskusory than with veridical recognition judgements within a
supporting the success hypothesis (Tulviag al, 1994, blocked context (response latencies are longer during illusory
1996). However, the results from this experiment cannotecognition), but not within an intermixed context (Johnson
directly account for demonstrations that retrieval successt al, 1997). Schacteet al. (1997) suggest that participants
affects right prefrontal activation (Ruggt al, 1996). One ‘might engage in more careful scrutiny of specific attributes
possibility is that the results of Ruget al. (1996) reveal of the testitem’ in the illusory versus the veridical condition
yet another factor that determines the retrieval contextwhen in the blocked retrieval context but not when in the
expectations that arise from participants’ on-line monitoringintel’mixed context. Consistent with the context-dependent
of their retrieval performance. In the study of Ruggal.  retrieval-process hypothesis, there was a trend towards greater
(1996), new and high recognition conditions were used duringight prefrontal activation when comparing illusory with
entirely separate scanning epochs. It is possible that in th¥eridical recognition in the blocked context (Schaateel.,
new epochs, participants noticed their low level of retrievall99€; see also Schacteet al, 1997), but not in the
success during the run of 20 consecutive unstudied trials arfgtermixed context (Johnsoat al, 1997; Schacteet al,
shifted from a strategy consisting of retrieval search, or postd997)-
retrieval evaluation, to a more minimalist strategy based on
familiarity. Such a strategy shift may be less likely, howeVer:ElectrophysioIogical evidence
when new blocks regularly alternate with high blocks, as inThe present blocked-design fMRI experiments, together with
the present study, or when new and old items are intermixedhe event-related fMRI study of Bucknet al. (1998) and
as in the event-related fMRI Study of Buckredral. (199&) previous PET studies (Kaplﬂt al, 1995; Nyberget al,
From this perspective, although right prefrontal activation is1995), suggest that retrieval-associated right prefrontal
not dependent on retrieval success, retrieval success maytivation does not depend on retrieval success. However, a
play a role in establishing the retrieval context in which number of investigations measuring event-related potentials
participants attempt to retrieve. (ERPs) have demonstrated differential activity at electrode
The notion of context-dependent retrieval processes magites overlying prefrontal cortex across conditions varying in
also assist in integrating the current results with thoseetrieval success (for a review, see Allahal, 1998). For
of Schacteret al. (1996). Although there are numerous example, a positive-going modulation situated over right
methodological differences between the present study anfiontal electrode sites was greater when recognition
that of Schacteet al. (1996), perhaps the most significant judgements were accompanied by a correct source judgement
difference is the nature of the retrieval task (recognition orthan when accompanied by an incorrect one (Wilding and
cued recall). In the context of cued recall, participants mayRugg, 1996). Similarly, a positive-going modulation situated
have the expectation that they should be able to retrieve aver bilateral frontal sites was greater when recognition
previous experience when provided with the test probe, awas associated with conscious recollection (as indexed by
the instructions inform them that each probe can be used tgubjective judgements) than when not associated with
recall something from the past. Such expectations magonscious recollection (Duzedt al, 1997). These results
encourage participants to persist with their retrieval attempt§uggest that right prefrontal activation is greater under
when faced with failure. In contrast, in recognition conditions where recognition is accompanied by memory for

participants probably do not have the expectation that theyPecific aspects of a previous event. It is difficult to reconcile
should recognize every test probe. Thus, they may be morg'ese ERP results with fMRI and PET demonstrations that
likely to abort retrieval attempts earlier in recognition than"€triéval success is not necessary for, and does not directly
in cued recall. It may be that the pattern of right prefrontaImOdUIate’ right prefrontal activation. One possibility is that

activation across different levels of retrieval success partially’® neural sogrcg r?f the ERP E’fffeCtsf is diffelrentl fror|1_1 ”:je
depends upon the retrieval task. Tasks that encourage repea{ .t A?ﬁR?n d”%éTDLtPg. reglogs. rquept{ \gstt:altzhe
retrieval attempts under conditions of poor performance ma uring an studies and 1S undetected by these

yield a different pattern of activation from tasks that allow ethads. Alternatively, thes_g ERP e_f_fects appear .to be
for termination of such attempts after a few failures demonstrated under recognition conditions that require an

Further evidence that retrieval attempt is contextdepender‘?}ddltlonal judgement above and beyond recognition, such as

comes from neuroimaging studies of veridical and iIIusoryjudgements of source or conscious recollection. Differences
recognition (Schacteet al, 1996 Johnsonet al, 1997: across fMRI, PET and ERP studies may partially reflect these

. - differences in retrieval-task demands. Future studies that use
Schacteret al, 1997). In those studies, participants made

o o . L ... -either PET or fMRI in conjunction with ERP may serve to
recognition decisions for studied words (veridical recognltlon)Clalrify the source of these inconsistencies.
and for novel words that were conceptually related to the
studied words (illusory recognition). The recognition test was
either blocked by illusory and veridical conditions (SchacterWhen are right prefrontal cortices relevant to
et al, 1996¢, 1997) or had intermixed illusory and veridical recognition performance?
trials (Johnsonet al, 1997; Schacteret al, 1997). Repeated demonstrations of prefrontal activation in PET and

Behaviourally, participants appear to struggle more withfMRI studies of recognition contrast with reports of modest
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or no deficits in standard yes—no recognition tests followingprefrontal regions may be critical for recognition performance
prefrontal lesion (Shimamura, 1994; Whee&dral, 1995). under contexts where discrimination between novel and
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(Blaxtonet al,, 1996). The present finding that the magnitude

of right prefrontal activation does not systematically vary

with recognition performance is consistent with the pOSSib”ityACknOWIedgements
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under standard testing conditions. This pattern can b%‘NlA AG12995 and AG11121). We thank G. H. Bower, R.
contrasted with the greater medial temporal activation Buckner, L. Nyberg, R. A. Poldrack, M. D. Rugg, D. E.
associated with greater retrieval success in recanitiorﬁQumelhart, D. L. Schacter, E. Tulving and B. Tversky for

(Nyberg et al, 1996 Rugg et al, 1997) and cued recall j,gightful comments on an earlier version of this manuscript.
(Schacteret al, 199G). This medial temporal activation

possibly reflects conscious recollection of the past that can
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