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Many dual-process accounts of exclude-recognition performance suggest that
familiarity and recollection processes contribute collectively or in isolation to
recognition decisions. In one account (Jacoby 1991), the influence of these
processes are either combined or only familiarity drives the response (e.g., if
recollection fails). In the former case, Exclude items can be successfully rejected,
because recollection overrides the tendency to respond “Old” to familiar Exclude
items. If familiarity alone influences the response, Exclude trials may result in
error, whereas for Filler and Include responses, familiarity is suffcient.
Seymour (2001) proposed a similar dual-process model, but where familiarity
and recollection processes can lead to conflicting decision and response
preparations, requiring intervention from supervisory conflict monitoring
processes. Rather that the all-or-none approach suggested by some models [7],
this model assumes that familiarity can lead to incorrect judgments, and
source information can be misrecollected (i.e., both processes are fallible).
If the Parallel Task-Set (PTS) model is correct that exclude recognition tasks
involves response conflict, then medial frontal (e.g., anterior cingulate cortex)
brain regions previously shown to index response conflict, should be more active
on Exclude (conflict; resond “new” to familiar items) compared to Filler trials [8].
In addition, the PTS model suggests that there should be more conflict on
Exclude than Include trials. This should also be evident in these brain regions.

Exclude Recognition Task
. . . (6 faces total) . . .

Phase 1:
Exclude List Study

2) make feature judgment on face; 3) decide if face is mirror or reversed.
Distractor Task: Ten minutes of math problems.
Phase 2 Include Study Task: Study of new set (Include) of faces. Same procedure as Phase 1.
Phase 3 Exclude-Recognition Task (in fMRI scanner): 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. There were 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 trials: 50% 2 sec., 25% 4 sec. and 25% 8 sec. Each participant performed 6
experimental runs.
Scanning Procedure: Images acquired using Siemens 3T Trio scanner (functional: 33 slices; 3.4
isotropic voxels; TR=2000 ms, TE=30 ms, structural: 3D 1 mm isotropic voxels).

. . . (10 minutes) . . .

. . . (6 new faces) . . .

Phase 2:
Include List Study
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ACCURACY
F(2,18) = 5.46
Stimulus Type
Exclude vs. Filler t (9) = 2.04
Include vs. Filler
t (9) = 2.61
Exclude vs. Include t (8) = 1.41

p < .02
p < .001
p < .05
p = .20

VENTRAL PREFRONTAL CORTEX (VPFC)
F(2,18) = 6.46
p < .01
Stimulus Type
p < .02
Exclude vs. Filler t (9) = 2.50
t (9) = 2.88
p < .01
Include vs. Filler
p = .19
Exclude vs. Include t (9) = 1.41
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Thirty Three volunteers (ages 18-23; 13 women)

Phase 1 Exclude Phrase Study: Similar to Experiment 1 except that participants memorized a set
of two-word phrases (e.g., ”Blue Coat”) and then uses them to send a mock email message.
Distractor Task: Ten minutes of math problems.
Phase 2 Include Phrase Study: Self-paced study of new set (Include) of phrases. Same as Phase 1.
Phase 3 Exclude-Recognition Task: On each trial, participants presented with one phrase.
Respond to Include phrase with right arm-flex (isometric) and to Exclude and Fillers (new phrases)
with left arm-flex. There were twenty-four Filler phrases, six Exclude (Phase 1) phrases, and six
Include (Phase 2) phrases on each 36 trial run. Phrases were on-screen for 2 sec. The inter-trial
interval varied from 800 to 1300 ms. Each participant performed 3 experimental runs.
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F(2,18) = 5.01
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Exclude vs. Filler t (9) = 2.11
t (9) = 2.82
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Summary & Conclusions
Behavioral data show the typical patterns for this task: slower RT and
increased likelihood of false alarms on Exclude trials compared to
Fillers [6,7]
The Parallel Task-Set model (PTS) [3] posts that automatic familiaritybased responses and fallible familiarity and recollection processes
lead to response conflict on Exclude trails, but not Filler trials. This
assumption was designed to explain different RT and accuracy results for
Exclude vs. Filler trial. However, it also predicts similar results for brain
and psychophysiological indicators of conflict.
The present brain activation results support the PTS model’s conflict
assumption; we found significantly more activation in the anterior
cingulate cortex (and other medial frontal conflict regions) for Exclude
than Filler trials. However, a secondary hypothesis predicting Exclude vs.
Include differences were not supported.
The PTS model predicts that correct Exclude trials will often feature a
fast and incorrect familiarity-based response preparation that must be
inhibited prior to the preparation of a subsequent recollection-based
response. Thus, it specifically predicts motor conflict. However, because
medial frontal activation on Exclude trials may represent non-motor types
conflict (e.g., source confustion [10]), such activations are inconclusive.

The current approach is promising because many strategic recognition
models focus on memory processes (viz., familiarity & recollection) which
allow for precise accounts of accuracy only. Including control, monitoring,
and motor processes can bring such models in line with research suggesting
cognitive task performance depends on interactions of multiple
systems [3,4,11]. In addition, both RT and accuracy data can be modeled.
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Experiment 2 examined EMG response alterations (in which muscle
activity associated right-arm familiarity-based responses is inhibited and
followed by a greater activation on the left arm). The results show that
such alterations are more common on Exclude and Include trails than
Fillers. They were also more common for Exclude responses than Include.
These data incontrovertibly support the pattern of motor conflict predicted
by the PTS model.

Responses were defined as a 10% or greater increase in amplitude relative to baseline.
Alterations were defined as non-concurrent EMG responses that were non-overlapping
(see next figure). Proportion of alterations were compared as function of Stimulus Type.

ANTERIOR PREFRONTAL CORTEX (APFC)
F(2,18) = 2.94
p < .08
Stimulus Type
p < .03
Exclude vs. Filler t (9) = 2.35
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p < .04
Include vs. Filler
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ANTERIOR CINGULATE CORTEX (ACC)
F(2,18) = 4.96
p < .02
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p < .02
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t (9) = 2.80
p < .02
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p = .51
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REACTON TIMES
F(2,16) = 2.92
Stimulus Type
Exclude vs. Filler t (8) = 2.19
t (9) = 2.61
Include vs. Filler
Exclude vs. Include t (8) = .82

Brain Activation Results
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EMG was recorded from electrodes placed on the skin covering the medial head of the triceps
brachii of each arm. Ground electrodes were placed over the palmar carpal ligament of the wrists.
An Adinstruments physiological recorder and amplifier were used to record from -5mv to +5mv.
Signals were digitized to 1000 Hz. Prior to analysis, signals were high-pass filtered (20 Hz),
low-pass filtered (50 Hz), rectified, and reduced to a sampling rate of 200 Hz.
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Experiment 2 uses electromyography (EMG) to record motor neuron recruitment in the left and
right arms during the exclude recognition task. If the PTS model is correct, response alterations
(weak initial “Old” responses [right arm] followed by strong “New” responses [left arm]) should
occur most frequently on Exclude trial, less often on Include trials, and rarely on Filler trials.
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fMRI Results
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Experiment 1 behavioral results replicate previous findings, with Exclude RTs being slower and
less accurate than on Include and Fillers trials [6,7]. Imaging results show significantly more
activation in conflict related brain regions for Exclude trials (conflict) than Filler trials. Despite the
lack of evidence for the PTS model’s secondary prediction that there should be increased conflict
for Exclude than Include trials, the results do support the model’s critical assumption that the
exclude recognition task involves response conflict. The activation data are also consistent with
previous studies using fMRI with strategic recognition tasks (e.g., McDermott et al., 2000).
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SPM2 was used for reconstruction, realignment, normalization and analyses.
Clusters of significant activity (p < .05 FDR) in Task vs. Baseline contrast were used to identify
regions-of-interest (ROIs) in anterior prefrontal cortex (APFC), dorsal prefrontal cortex (DPFC),
ventral prefrontal cortex (VPFC) and anterior cingulate cortex (ACC). Beta-values from these
regions were extracted for each condition vs. baseline for subsequent analyses.

Example EMG Response Alteration

However, some researchers have argued that medial frontal regions active in conflict tasks may
reflect various aspects of conflict. For example, these regions have been associated with error
monitoring, stimulus confusion, and motor response conflict [9]. Thus, although consistent with the
PTS model, the present pattern of activation data do not explicitly indicate motor conflict per se.
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Phase 1 Exclude Study Task: Self-paced task with faces (Exclude list): 1) view face;

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 [6,7].
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recognition tasks? Many dual-process models of strategic recognition performance
suggest that familiarity and recollection processes operate either in isolation, or in
combination to determine appropriate response selection. As such, they are
able to precisely model accuracy [1] as well as the relative timecourse of
these processes [2], but typically not response times (RT). The Parallel Task-Set
model (PTS)[3] extends on previous dual task approaches and suggests that
parallel familiarity and recollection-based task-sets can lead to response conflict
that must be resolved by conflict-monitoring and control processes. Although it
is common to model task such as Stroop as involving conflict and requiring
coordination between multiple systems (e.g., perceptual, memory, response,
conflict-monitoring, and executive control) [4], it less common to model strategic
recognition tasks in this way [5]. Thus, we tested the PTS model’s assumption that
exclude-recognition tasks involves response competition by using brain activation
and electromyographic measures. In Experiment 1, we measured brain activation
from cortical regions sensitive to response conflict and found greater activity for
conflict (”Exclude”) than Filler trials. Experiment 2 used electromyographic
evidence to replicate this finding with a measure incontrovertibly related to
conflicting motor preparations. These results are consistent with the parallel taskset model’s assumption that recognition, motor, and conflict monitoring processes
interact in strategic memory retrieval tasks. The inclusion of such interactions,
missing from strategic recognition models, will allow the precise modeling of
both RT and accuracy.
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REACTON TIMES
Stimulus Type
Exclude vs. Filler
Include vs. Filler
Exclude vs. Include

F(2,44) = 43.38
t (22) = 9.46
t (22) = 6.49
t (22) = 3.09

p < .001
p < .001
p < .001
p < .01

ACCURACY
Stimulus Type
Exclude vs. Filler
Include vs. Filler
Exclude vs. Include

F(2,44) = 26.94
t (22) = 5.93
t (22) = 4.41
t (22) = 4.39

p < .001
p < .001
p < .001
p < .001

EMG ALTERATIONS
F(2,44) = 12.81
Stimulus Type
t (22) = 4.12
Exclude vs. Filler
Include vs. Filler
t (22) = 4.39
Exclude vs. Include t (22) = 2.84

p < .001
p < .001
p < .001
p < .01
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