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Figure 4. Average ERP waveforms for the six regions shown in Figure 2. Time points
used to compute the FN400 and parietal ERP effects are marked on the figure. L, left;
R, right; A, anterior; P, posterior; S, superior; FP, fronto-polar.
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Figure S. Topographic plots of old—new differences for the strong interference condition (top row) and the weak
interference condition (bottom row) from 300 to 800 msec in 100-msec intervals. Blue indicates more negative and red
indicates more positive, ranging fromto 1to 1uV.
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predicted, the difference between old and new faces was
greater in the weak interference condition than in the strong
interference condition (see Figure 3B and Table 2). Pair-
wise comparisons indicate that the old—new difference was
significant for the weak interference condition [F(1,33) =
6.66, p = .01, n? =.17]; the old—new difference was non-
significant (and numerically reversed: new > old) in the
strong interference condition [F(1,33) < 1, 2 =.02].

Fronto-polar old—new effects. Figure 5 shows scalp
topographies for the old—new effect from 300 to 800 msec
for the strong interference and weak interference condi-
tions. In addition to the FN400 and parietal effects, these
topographies show a sustained frontal old—new effect
extending beyond the 300- to 500-msec window of the
FN400 (for a review of similar effects, see Mecklinger,
2000; Wilding & Sharpe, 2003). We examined two elec-
trode clusters surrounding standard fronto-polar locations
Fp1 and Fp2 at 100-msec intervals from 300 to 800 msec
(LFP and RFP; see Figure 2). Results from this analy-
sis showed a significant old—new difference starting at
400 msec (all ps = .01) that never approached a signifi-
cant interaction with hemisphere or strength.

Discussion

The ERP findings from Experiment | provide support
for the CLS model’s prediction that list strength affects
recollection-based discrimination, but not familiarity-
based discrimination. However, as was noted by Poldrack
(2006), reverse inferences of this sort (i.e., inferring prop-
erties of cognitive processes on the basis of neural data)
are debatable in the absence of converging evidence. To
obtain further support of the model’s list strength predic-
tions, we ran a behavioral version of Experiment 1 where
we collected data on recollection and familiarity using a
remember—know test (Tulving, 1985). Specifically, for
items recognized as being old, the participants were asked
whether they remember the item (i.e., recollect specific
details from the study phase) or whether it just seems fa-
miliar (but no specific details come to mind).

Although it is clear that remember and familiar re-
sponses are not completely pure estimates of recollec-
tion and familiarity (see, e.g., Wixted & Stretch, 2004),
estimates of recollection and familiarity derived from
self-report data converge strongly with other measures of
recollection and familiarity that do not rely on self-report
data (see Yonelinas, 2002, for a review of relevant find-
ings). In keeping with the predictions of the CLS model
and the ERP results from Experiment 1, we expected that
increasing list strength would selectively affect estimates
of recollection-based discrimination, leaving estimates of
familiarity-based discrimination intact.

EXPERIMENT 2
Method

Participants

Twenty-four University of Colorado students (17 of them female;
mean age, 18.9 years) participated in the experiment for payment or
course credit.

Stimuli, Design, and Procedure

Experiment 2 was identical to Experiment 1, except that we did not
collect EEG dataand we collected remember—familiar dataat test. Atthe
start of the experiment, we gave the participants standard remember—
familiar instructions that explained the difference between recollec-
tion of specific details versus nonspecific feelings of familiarity (see,
e.g., Norman, 2002; Rajaram, 1993). The participants were then told
to respond remember at test if they specifically recollected anything
they experienced while making the happy—angry judgment for the
face (i.e., they remembered some thought or reaction that they had
when making the happy—angry judgment) and to respond familiar if
the item seemed familiar but they did not specifically recollect details
pertaining to the happy—angry judgment. During the test phase, after
each test stimulus had been presented, a question mark appeared. The
participants were instructed to first give a yes—no response indicating
whether they thought the item was old (yes) or new (n0). Next, if the
participants responded yes, they were asked to indicate whether they
remembered the item or whether it just seemed familiar.

To compute process-specific estimates of sensitivity based on
remember—familiar data, we used the independence remember—
know procedure outlined by Jacoby, Yonelinas, and Jennings (1997).
Assuming that recollection and familiarity are independent, the
overall probability of responding o/d on the basis of familiarity =
the probability of responding ol/d to nonrecollected items on the
basis of familiarity = F/(1 — R). In this formula, ' = the probabil-
ity of making a familiar response; and R = the probability of making
a remember response. To compute familiarity-based sensitivity, we
applied the d” formula to familiarity-based hit and false alarm rates;
we call this measure Fd’. To compute recollection-based sensitivity,
we computed P(R) = (remember hits — remember false alarms)/
(1 — remember false alarms).

Results

Table 3 shows the raw behavioral results from Experi-
ment 2 (proportions of old, remember, and familiar re-
sponses, where old = remember + familiar), and Table 4
shows derived measures of sensitivity.

The most important predictions of the CLS model
relate to process-specific estimates of sensitivity: List
strength should affect recollection-based sensitivity, but
not familiarity-based sensitivity. Both of these predictions
were confirmed: Increasing list strength led to a signifi-
cant decrease in P(R) [#(23) = 5.27, p < .0001, 2 =.55;
two-tailed]. However, increasing list strength did not lead
to a decrease in Fd’ [¢(23) = 1.19, p = .25, n? =.06; two-
tailed].2 Note that our use of P(R) assumes that recollec-
tion is a high-threshold process, but our findings do not
depend on this assumption; other single-point estimates
of sensitivity (e.g., d” computed on remember responses)
yield exactly the same pattern of results.

As in Experiment 1, overall recognition sensitivity was
indexed by computing d” on the basis of 0ld responses to

Table 3
Behavioral Data (Old, R ber, and Familiar Responses)
From Experiment 2
Ttem Old Remember Familiar
Condition Type M SEM M SEM M SEM

Weak interference ~ Target .67 .04 .40 .04 28 .03
Lure 21 .03 .04 .01 .17 .03
Target .60 .03 29 .03 31 .03

Lure 17 .04 .05 02 13 .03

Strong interference
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Table 4
Derived Measures of Recognition Sensitivity From
Experiment 2

d’ (0O1d) P(R) Fd’
Condition M SEM M SEM M SEM
Weak interference 148 0.10 .37 .04 1.00  0.10
Strong interference 143  0.10 26 .02 1.12  0.10

studied items and lures; we call this measure d’(Old). Un-
like Experiment 1 (where we found a significant LSE for
overall sensitivity), the effect of list strength on d’(Old)
was not significant in this experiment [#(23) = 0.45, p =
.66, 172 =.01; two-tailed]. One possible explanation of this
result is that remember—familiar instructions in Experi-
ment 2 may have encouraged the participants to pay more
attention to familiarity (relative to recollection) when
making their old—new recognition decisions, thereby re-
ducing the overall LSE.

GENERAL DISCUSSION

Taken together, the ERP results presented in Experi-
ment 1 and the remember—familiar results presented in
Experiment 2 provide strong support for the CLS model’s
predictions about list strength effects. In Experiment 1,
list strength reduced the hypothesized ERP correlate of
recollection-based discrimination (the parietal old—new
effect) but did not affect the hypothesized ERP correlate
of familiarity-based discrimination (the FN400 old—new
effect). In Experiment 2, list strength reduced discrimina-
tion based on self-report measures of recollection but did
not reduce discrimination based on self-report measures of
familiarity.

In most cases, including the present Experiment 2,
remember—familiar results are consistent with a single-
process model whereby remember and familiar responses
merely reflect more and less conservative response crite-
ria, respectively, placed along a single memory strength
axis (e.g., Dunn, 2004). Although the single-process
alternative is sometimes favored as being more parsimoni-
ous, the present combination of ERP results from Experi-
ment 1 and remember—familiar results from Experiment 2
is better explained by the dual-process view. Although
remember—familiar results can often be explained using
a single underlying process, there is no way to interpret
the parietal and FN400 ERP effects as reflecting high-
versus low-confidence responses along a single strength
axis. Parietal effects are associated primarily with high-
confidence hits (as would be expected of a recollection
process; see Yonelinas, 2002), but FN400 old—new dif-
ferences are observed for both high- and low-confidence
responses (Azimian-Faridani & Wilding, 2006; Curran,
2004; Rubin, Van Petten, Glisky, & Newberg, 1999;
Woodruff, Hayama, & Rugg, 2000).

This is not the first study to show that list strength af-
fects recollection-based recognition, but not familiarity-
based recognition. As was mentioned in the introduction,
Norman (2002, Experiment 2) found a robust LSE for rec-

ognition sensitivity on a plurality memory test where sub-
jects had to recollect whether they had studied the singular
or the plural form of a word; when distractors were less
similar to studied items (and, consequently, demands on
recollection were less strong), the LSE was not significant.
Also, Norman (2002, Experiment 1) collected remember—
familiar data in a list strength experiment using word
stimuli; a subsequent reanalysis of the remember—familiar
data (published in Norman & O’Reilly, 2003) showed that
list strength significantly reduced recollection-based dis-
crimination but did not affect familiarity-based discrimi-
nation. Experiment 2 of the present study replicates this
overall pattern of results and extends it to the domain of
novel face stimuli.

CONCLUSIONS

This study shows that ERP methods can serve as a
source of converging evidence to bring to bear on compu-
tational accounts of interference. Specifically, the present
ERP results (coupled with the remember—familiar data
from Experiment 2) suggest that increasing list strength
diminishes recollection-based recognition performance,
but not familiarity-based recognition performance, as is
predicted by the CLS model (Norman & O’Reilly, 2003).
More generally, the results of this study show that interfer-
ence manipulations can have a powerful effect on the neu-
ral correlates of memory and, thus, are worthy of scrutiny
in future neuroimaging research.
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NOTES

1. We corrected for a hit rate of 1.0 in 1 participant in Experiment 1,
using 1.0 — .5/n (Macmillan & Creelman, 1991).

2. When computing d’(Old) and Fd” in Experiment 2, we corrected for
a false alarm rate of 0.0 in 1 participant by replacing this zero value with
.5/n (Macmillan & Creelman, 1991).
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