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 Behavioral data show the typical patterns for this task: slower RT 
and increased likelihood of false alarms on Exclude trials compared 
to Fillers (Jacoby, 1991; Seymour et al., 2000).

• Seymour (2000), but not Jacoby (1991), predicts greater 
conflict-related activity on Exclude vs. Filler trials. Results in the 
medial frontal region based on Carter et al. (1998) show this pattern 
dramatically. Relative to baseline, Exclude trials show more activity 
than Filler trials.

• Seymour (2000), but not Jacoby (1991), predicts that 
misrecollections will lead to some response conflict on Include trials 
as well.  Results from the Carter et al. (1998) region support this 
prediction as well.  Rather than being conflict-free as Jacoby’s theory 
implies, Include responses also activate medial frontal cortex, and 
thus appear to involve response conflict.  

• Recent research investigating the manifestation of lying in the 
brain has shown activation in medial frontal brain regions very 
similar to those activated here (Spence et al., 2001; Langleben et al., 
2002).  This suggests that the activity in those studies may be caused 
by response conflict and not be related to lying, per se.

• A more posterior region in medial frontal cortex has also been 
implicated in response conflict (i.e., MacDonald et al., 1999).  In this 
region we found no difference between trial types. In fact, activity 
here was reliably less than baseline in all conditions. The reason for 
this overall negativity is not clear. It may be related to the way in 
which the baseline was instantiated in this task.  The difference 
between activity in the two medial frontal regions may suggest 
distinct conflict monitoring processes mediated by these regions.

• The overall pattern in this region suggests no effect of stimulus 
type, but further scrutiny reveals a trend consistent with a response 
conflict interpretation in our task. We divided participants by the size 
of their behavioral effect: those showing large effects (i.e., slower 
RTs to Exclude items compared to Fillers) and those showing small 
effects (RTs on Exclude and Fillers trials equally fast).  Although 
overall activity in this region is below baseline, the Large Effect 
group shows greater activity on Exclude than Filler trials, whereas 
the Small Effect group shows the opposite pattern.  Thus, slower 
trials, which likely involve more conflict, are associated with 
increased activity on Exclude than Filler trials. When RTs on  
Exclude and Fillers trials are equal, and there is less conflict, no 
activation differences emerge. 

• Because we used faces in this task, we also examined activity in  
fusiform face area to each stimulus type.  Faces that were previously 
studied (both Include and Exclude) produced more fusiform face area 
activity than new faces. This likely reflects the additional processing 
required to recollect the source information for these stimuli.

Discussion
Abstract

 How do we identify the episodic source of an item in memory?  One 
influential theory (Jacoby, 1991) proposes a complementary dual-process 
system: either familiarity and recollection processes both contribute to 
recognition decisions, or only one source in isolation leads to the response 
(McElree et al., 1999).  Seymour (2000) proposed a similar dual-process 
system, but where familiarity and recollection processes can lead to conflicting 
decisions, requiring intervention from supervisory conflict monitoring 
processes.  We used functional imaging to distinguish between these models 
using the exclude-recognition task. Here participants study two sets of items. 
At test, they must identify items from only one set (Include list), while 
rejecting the other list (Exclude list), along with new words (Fillers).  
Behavioral results show that participants are slower and less accurate when 
rejecting exclude items compared to fillers. Models based on both theories 
explain these data even though one assumes complimentary processing and the 
other conflicting (Seymour, 2000; McElree et al., 1999).  Seymour's model 
predicts that familiarity and recollective processes may lead to response 
conflict on exclude trials. Jacoby’s model does not predict conflict because 
familiarity and recollection work in isolation or in tandem to generate 
recognition responses.  Medial frontal cortical regions are thought to be 
sensitive to conflict between simultaneously active responses (Botvinick et al., 
2004).  We collected brain activation data while participants performed an 
exclude-recognition task using face stimuli. Results show greater medial 
frontal activity for Exclude than Filler trials.  These neuroimaging data support 
parallel and competing processes in human long-term memory retrieval.

Introduction

 In the exclude-recognition task, participants study two lists and later must 
respond “Old” to items from one list (Include list) and “New” to items from 
the other list (Exclude list), as well as new Filler items. Typically, participants 
are slower and less accurate when rejecting Exclude items compared to Fillers 
(Seymour et al., 2000).

Jacoby (1991) proposed a complementary dual-process system where either 
familiarity and recollection processes both contribute to recognition decisions, 
or only familiarity leads to the response.  In the former case, excluded items 
can be successfully rejected, although the latter case may lead to unintentional 
“Old” responses to these items.  

Seymour (2000) proposed a similar dual-process system, but where familiarity 
and recollection processes can lead to conflicting decisions, requiring 
intervention from supervisory conflict monitoring processes.

Also contrary to Jacoby’s (1991) model, where recollection is all or none, 
Seymour (2000) suggests that source information can be incorrectly 
recollected (misrecollection).  

If Seymour’s (2000) response conflict assumption is correct, then medial 
frontal (e.g., anterior cingulate cortex; ACC) brain regions previously shown 
to index response conflict, should be more active on Exclude trials compared 
to Filler trials (e.g, Botvinick et al., 2004).  

If Include items are sometimes misrecollected, Include trials may also involve 
response conflict and lead greater medial frontal activity than Fillers.

Task Related Activity in Medial Frontal Cortex
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Statistics Table

Stimulus Type       F (2,16)=2.92 p <.09
Exclude vs. Filler       t (8)=2.19 p <.03 (one-tailed)
Include vs. Filler       t (9)=2.61 p <.02 (one-tailed)
Exclude vs. Include       t (8)=.82 p =.82 (two-tailed)

Stimulus Type       F (2,18)=5.46 p <.02
Exclude vs. Filler       t (9)=2.04 p <.005 (one-tailed)
Include vs. Filler       t (9)=2.61 p <.05 (one-tailed)
Exclude vs. Include       t (8)=1.41 p =.19 (two-tailed)

Stimulus Type       F (2,18)=6.15 p <.01
Exclude vs. Filler       t (9)=2.94 p <.01 (one-tailed)
Include vs. Filler       t (9)=3.79 p <.005 (one-tailed)
Exclude vs. Include       t (8)=.45 p =.67 (two-tailed)

Stimulus Type       F (2,18)=.31 p =.74
Group * Stimulus Type       F (2,14)=1.80 p =.20

Region-of-Interest       F (1,9)=15.34 p <.005
ROI*Stimulus Type       F (2,18)=4.02 p <.05

Stimulus Type       F (2,18)=3.82 p <.05
Exclude vs. Filler       t (9)=1.17 p= .12 (two-tailed)
Include vs. Filler       t (9)=3.40 p <.01 (two-tailed)
Exclude vs. Include       t (9)=1.04 p =.33 (two-tailed)

Behavioral Data

Brain Data

Fusiform Face Area Region-of Interest

Carter et al. (1998) Region-of-Interest

MacDonald et al. (1999) Region-of-Interest

Reaction Times

Accuracy

Carter et al. ROI vs. MacDondald et al. ROI

Fusiform Face Area Localizer Task

Methods
Participants
Ten volunteers (ages 19-27; 4 women).

Experimental Procedure
Prior to Scanning
Phase 1 Mirror Test: Self-paced task with faces (Exclude list): 1) view face; 2) make feature 
judgement on face; 3) decide if face is same or mirror reversed.
Distractor Task: Ten minutes of math problems 
Phase 2 Mirror Test:  Self-paced study of new set (Include) of faces. Same procedure as 
Phase 1.
During Scanning
Phase 3 Event-related Exclude-Recognition Task: On each trial, participants presented with 
one face. Respond to Include face stimuli with right keypress and to Exclude and Fillers 
(new faces) with left keypress. Twenty-four Filler faces six Exclude (Phase 1) faces, and six 
Include (Phase 2) faces on each 36 trial run. Faces were on-screen for 3 sec. The inter-trial 
interval varied between trails: 50% 2 sec., 25% 4 sec. and 25% 8 sec. Each participant 
performed 6 experimental runs. 
Blocked Fusiform Face Area Localizer Task: Participants performed twelve 16 sec. blocks 
of a one-back task with either faces or scenes and a 16 sec. fixation baseline block. 
Scanning Procedure: Images acquired using Siemens 3T Trio scanner (functional: 33 slices; 
3.4mm isotropic voxels; TR=2000 ms, TE=30 ms, structural: 3D 1 mm isotropic voxels).
Data Analyses
SPM2 used for reconstruction, realignment, normalization, and analyses.
From each participant, task-related activity extracted from medial frontal (5 mm spheres) 
and fusiform face area (Face > Scene in Localizer task) regions-of-interest (ROIs). 

Exclude-Recognition Task

TIME

. . . (6 faces total) . . .

. . . (10 minutes) . . .

. . . (6 new faces) . . .

IncludeExcludeFiller




