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Modes of cognitive control in recognition and
source memory: Depth of retrieval
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Recognition memory is usually regarded as a judgment based on trace strength or familiarity. But
recognition may also be accomplished by constraining retrieval so that only sought after informa-
tion comes to mind (source-constrained retrieval). We introduce a memory-for-foils paradigm that
provides evidence for source-constrained retrieval in recognition memory (Experiment 1) and source
memory (Experiment 2). In this paradigm, subjects studied words under deep or shallow encoding
conditions and were given a memory test (recognition or source) that required them to discriminate
between new items (foils) and either deep or shallow targets. A final recognition test was used to ex-
amine memory for the foils. In both experiments, foil memory was superior when subjects attempted
to retrieve deep rather than shallow targets on the earlier test. These findings support a source-
constrained retrieval view of cognitive control by demonstrating qualitative differences in the basis

for memory performance.

Recognition memory is traditionally described as rely-
ing on a judgment of unidimensionsal trace strength or
familiarity. For example, in global activation models of
memory (e.g., Gillund & Shiffrin, 1984), recognition is
accomplished by comparing a memory probe’s strength,
familiarity, or activation against a decision criterion. If
the probe’s value exceeds criterion, it is accepted as “old”;
otherwise, it is rejected as “new.” The greater the match
between a memory probe and traces in memory, including
the match between study and test contexts, the greater the
level of familiarity. Thus, the emphasis lies in the quan-
titative relationship between the probe and criterion. In
contrast, we argue that recognition is sometimes accom-
plished by considering the kind of memory that is sought.
Our position is that recognition often involves source-
constrained retrieval—the self-initiated use of source
information to constrain what comes to mind during
retrieval. Specifically, we suggest that processes imple-
mented during study are sometimes reimplemented
during retrieval by the rememberer. As a result, source-
constrained retrieval influences not only what is accepted
or rejected, but also what information is used to make rec-
ognition decisions.

Experiment 1 was designed to show that source-
constrained retrieval can produce a qualitative change
in the type of information used for recognition memory
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judgments and influence the manner in which both old
and new test items are processed. During the first phase of
Experiment 1 (Figure 1), level of processing (e.g., Craik
& Lockhart, 1972) was manipulated by having subjects
make pleasantness judgments for words in one list and
judgments about the vowels of words in another list. In
Phase 2, subjects were given two tests of recognition
memory. For one test of recognition memory, they were
correctly informed that all “old” words had been judged
for pleasantness. For another test, they were correctly in-
formed that all “old” words had been vowel judged. We
expected results from these tests to replicate results of
prior experiments (e.g., Craik & Lockhart, 1972). That
is, judging the pleasantness of words (deep processing)
should produce recognition memory performance better
than that for vowel judgments (shallow processing).

To gain evidence of source-constrained retrieval, a third
phase of Experiment 1 tested recognition memory for new
items ( foils) that appeared on the earlier recognition memory
tests. By the source-constrained retrieval view, it was pre-
dicted that foils from the recognition test for pleasantness-
judged items were more likely to be later recognized than
foils appearing in the recognition test for vowel-judged
items. This follows because recognition is held to be ac-
complished by constraining retrieval processing in a way
that recapitulates study processing. Consequently, when at-
tempting to recognize pleasantness-judged old words, sub-
jects would likely process the meaning of both targets and
foils, perhaps considering each test word’s pleasantness to
determine whether they had made a similar judgment pre-
viously. In contrast, attempting to recognize vowel-judged,
old words would likely rely less on the processing of mean-
ing. The deeper processing of foils when pleasantness-
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Phase 1:
Manipulate Study Processing

Phase 2:

Source-constrained Recognition Tests
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Phase 3:
Test for Foil Memory

DEEP TARGETS

(Judge pleasantness)

DEEP TARGETS / DEEP FOILS

(Test of pleasantness-judged items)

DEEP FOILS / SHALLOW FOILS / NEW FOILS

SHALLOW TARGETS

(Judge vowels)

SHALLOW TARGETS / SHALLOW FOILS

(Test of vowel-judged items)

(Test of foils)

Figure 1. The memory for foils paradigm of Experiment 1. All variables were manipulated within subjects.

judged words were targets was expected to result in higher
subsequent recognition memory for those foils.

If subjects simply assess global familiarity when mak-
ing recognition judgments (e.g., Gillund & Shiffrin, 1984),
there would be no reason to expect differential processing
of the foils depending on the study processing of targets,
and, consequently, no reason to expect differences in sub-
sequent memory for foils. Any predictions based on a
familiarity account would likely suggest that increasing
the difficulty of recognition decisions would increase the
exposure duration of foils and, thereby, enhance their later
recognition. Because recognition memory is expected to
be poorer after shallow processing, this would suggest
that differences in recognition of foils would favor targets
that were shallowly processed, a prediction opposite that
made by the source-constrained retrieval view. Conse-
quently, better memory for foils when targets were deeply
processed would provide direct evidence of differences in
retrieval depth that reflect source-constrained retrieval.

Source-constrained retrieval can be considered a means
of cognitive control. This may be illustrated by consid-
ering an example of quality control in a manufacturing
situation. An obvious means of quality control is to have
inspectors who monitor manufactured products, reject-
ing those that do not satisfy specified criteria. However,
quality control may also be accomplished by increasing
production constraints so as to decrease the probability of
producing defective products, thereby reducing the need
for postproduction inspectors. Similarly, one method of
controlling memory is to edit potential responses after
they come to mind and select only those that are suffi-
ciently familiar. An alternative method of cognitive con-
trol is to tightly constrain retrieval so that only memories
from a questioned source come to mind. Thus, the contrast
is between gaining control by restricting memory access
(source-constrained retrieval ) in comparison with relying
on a postaccess process (source identification).

Although it is likely that both forms of cognitive con-
trol are sometimes employed (e.g., Burgess & Shallice,
1996; Jacoby, Kelley, & McElree, 1999), prior theorizing
has primarily emphasized source identification, evident
in work on source memory. Source memory is typically
tested by asking subjects to decide whether a test item has
originated from one of several sources (e.g., read vs. heard)

or is new (for a review, see Johnson, Hashtroudi, & Lindsay,
1993), and it is generally assumed to follow an initial recog-
nition judgment. A finding of effects of source-constrained
retrieval for a standard test of recognition memory (Ex-
periment 1) raises the possibility that source-constrained
retrieval also operates when subjects must identify the
source of previously presented items. This possibility was
examined in Experiment 2. We will conclude by discussing
the implications of source-constrained retrieval for theories
of recognition and source memory.

EXPERIMENT 1

Method

Subjects. Sixteen undergraduates at Washington University par-
ticipated for course credit. All variables were manipulated within
subjects.

Materials and Procedure. In Phase 1, subjects made pleasant-
ness judgments for 36 words in one list and vowel judgments for 36
words in another list, indicating whether a word included an O or U.
All words were presented for 1.5 sec each in the center of the screen,
and judgments were made as keypresses.

In Phase 2, subjects received deep and shallow recognition mem-
ory tests. For the deep recognition memory test, words whose pleas-
antness had been judged were intermixed with an equal number of
new words (i.e., foils). Subjects were correctly informed that all of
the “old” words in the test list were from the pleasantness-judged
list. For a separate, shallow recognition memory test, the subjects
were correctly informed that all “old” words in the test list were pre-
sented in the vowel judgment list. In Phase 3, three types of words
appeared in a recognition memory test of foils: 36 deep foils (pre-
sented as new items in the deep recognition memory test); 36 shal-
low foils (presented as new items in the shallow recognition memory
test); and 72 new foils (words that were not presented earlier). The
subjects were instructed to judge a word as “old” if it had been pre-
sented earlier during any phase of the experiment, and to respond
“new” only if the word had not been presented earlier. All recognition
tests were self-paced, with responses made as keypresses.

The stimuli were 272 words (216 critical and 56 buffers) matched in
frequency (1-104 per million, M = 15.67; Kucera & Francis, 1967),
and length (4-8 letters, M = 6.67). The order of orienting tasks in
Phase 1 and recognition tests in Phase 2 was fully counterbalanced
across subjects, as was the assignment of words to each condition.

Results and Discussion

All statistical analyses used an a level of .05. Consis-
tent with previous work, the probability of correctly call-
ing an item “old” was higher for the deep than for the
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shallow recognition memory test (.94 vs. .61) whereas
false alarms were lower for the deep than for the shallow
test (.05 vs. .16). This interaction of level of processing
and old/new status was significant [F(1,15) = 76.50].

Of primary interest was whether subsequent recognition
memory would differ for foils from the deep and shallow
tests. A source-constrained retrieval view predicts better
recognition memory performance for deep foils. As ex-
pected, recognition memory was significantly better for the
deep foils than for the shallow foils (.84 vs. .76) [F(1,15) =
5.67]. The false alarm rate for new foils was .13.

Perhaps foils that were falsely recognized or whose re-
jection was slow on the earlier recognition memory test
were more likely to be later recognized. Against this pos-
sibility, recognition memory was highest for foils from
the pleasantness-judged test, which had the lowest false
alarm rate on the initial test. In addition, rejection time,
which corresponds to processing or study time, was actu-
ally significantly shorter (1,101 msec) for deep foils than
for shallow foils (1,352 msec) [#(15) = 2.48].

Overall, the results provide direct evidence for source-
constrained retrieval, as reflected by memory for foils.
Specifically, attempting to recognize old items that were
deeply processed during study resulted in greater depth
of processing at retrieval and thus better memory for foils
than did attempting to recognize items that were shallowly
processed during study. This was true even though foils
were more quickly and accurately rejected when deeply
processed old words were targets. Effects on foil memory
reveal qualitative differences in bases for recognition
memory that cannot be explained by a model that treats
trace strength or global familiarity as the sole basis for
recognition. Consistent with our findings of differences
in foil memory, Rugg, Allan, and Birch (2000) found dif-
ferences in event-related potentials for new words that
depended on whether old words in a recognition test had
been studied in a deep or in a shallow encoding task.

In later experiments (Jacoby, Shimizu, Velanova, &
Rhodes, 2005), we have replicated the pattern of results re-
ported here for memory for foils using a between-subjects
manipulation of level of processing. The between-subjects
manipulation allows subjects to know about the prior pro-
cessing of target items but has the advantage of employing
standard recognition memory test instructions, providing
further evidence that source-constrained retrieval plays a
role in recognition memory.

EXPERIMENT 2

As in Experiment 1, the level of processing of tar-
get words was manipulated in Experiment 2. However,
source memory was assessed in Experiment 2 by requir-
ing subjects to accept old words from a target source and
to exclude old words from a nontarget source (cf. Jacoby,
1999). In one test condition, subjects were instructed to
accept pleasantness-judged, old words and to exclude
words that were only heard, whereas subjects in a second

test condition received the opposite instructions. A third
test condition employed a standard recognition memory
test for which subjects were instructed to accept both
pleasantness-judged and heard old words and reject only
new words. Test lists were the same for the three condi-
tions with only the instructions varied.

Instructing subjects to respond “yes” only for words
whose pleasantness had been judged was expected to re-
sult in deeper retrieval processing and better subsequent
recognition of foils than would be found in the other two
test conditions. A finding of effects of test instructions
on memory for foils would demonstrate that source-
constrained retrieval plays a role in performance of a
source memory task. In contrast, others (e.g., Bayen,
Murnane, & Erdfelder, 1996) have held that source mem-
ory relies solely on a source-identification process that
follows recognition memory.

Method

Subjects. Fifty-four undergraduates at Washington University
participated for course credit. Eighteen subjects were assigned to
one of three test conditions.

Materials and Procedure. During Phase 1, the subjects read and
made pleasantness judgments for 30 words in a first list and then heard
30 words in a second list that they were instructed to remember for a
subsequent test. The pleasantness judgments were self-paced, and the
heard words were presented at a 2-sec rate. In Phase 2, the subjects
were given one of three memory tests that included all words from
the two encoding lists intermixed with 30 new words. The subjects in
a standard recognition memory test condition were instructed to say
“yes” to old words, accepting both pleasantness-judged words and
earlier heard words, and to say “no” to new words. The subjects in a
pleasantness-judged source memory test condition were instructed
to accept only old words whose pleasantness had been judged, and to
reject both earlier heard words and new words. Finally, subjects in an
earlier heard source memory test condition were instructed to accept
only words that they had heard and to reject both pleasantness-judged
and new words. In Phase 3, the subjects from each of the three test
conditions were given a recognition memory test for foils, compris-
ing 30 “old” foils presented in Phase 2, and 30 “new” foils.

The stimuli were 120 words, 4-6 letters long, subdivided into
four sets matched for frequency (2 to 25 per million according to
Kucera & Francis, 1967) and word length. The pleasantness—read
task always preceded the auditory—remember task, and the stimuli
in these two conditions were fixed. Two final lists were counterbal-
anced across subjects in such a way that they served equally often as
new items in the recognition tests. The presentation of words within
a list was random.

Results and Discussion

Table 1 displays hits and false alarms along with cor-
rected recognition (hits minus false alarms) data for each
of the three test conditions. Corrected recognition for
pleasantness-judged words was significantly higher when
only pleasantness-judged words were to be accepted than
in the standard recognition memory test condition (.93 vs.
.85) [#(34) = 2.45, SE = 2.95]. Recognition of heard items,
although numerically higher when given standard recogni-
tion instructions as opposed to instructions to identify only
earlier heard items (.66 vs. .56), was not statistically differ-
ent for the two groups [#(34) = 1.32, SE = 7.83,p = .19].
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Table 1
Hits, False Alarms, and Difference Scores for Pleasantness-
Judged and Earlier Heard Items for the Standard Recognition
Memory Test (Within Subjects) and the Source Memory Tests
(Between Subjects) in Experiment 2

Memory Test Hits False Alarms Difference
Standard Recognition
Pleasantness 95 .10 .85
Heard .76 .66
Source
Pleasantness 94 .01 93
Heard 73 17 .56

Differences between the standard recognition memory
condition and the two source memory test conditions re-
sulted from significant differences in the probability of
a false alarm [F(2,51) = 13.15, MS, = 91.05]. The larg-
est differences existed between the pleasantness-judged
condition and the other two test conditions (s = 4.81 and
4.61 for the standard recognition and earlier heard test
conditions, respectively). Hits did not differ between the
standard recognition and source test conditions (£ < 1).
This is particularly noteworthy: If differences in recogni-
tion resulted solely from differences in response criterion,
one would expect that differences would exist for both
false alarms and hits. Instead, differences were evident
only in false alarms, suggesting that differences in rec-
ognition reflect differences in the ability to discriminate
between old and new words as well as differences in re-
sponse criterion.

The finding that differences in criterion did not produce
a change in the probability of a hit may simply be due
to chance. Alternatively, specifying the source of target
items may produce a qualitatively different criterion for
rejecting new items while leaving the hit rate unchanged.
By the latter account, deciding whether a word was earlier
pleasantness judged served as a surer basis for rejecting
foils than did judging whether a word was earlier heard.
The intermediate false alarm rate for the standard rec-
ognition condition might reflect a mix of the two bases
for rejection. That is, subjects may have been least likely
to recapitulate study processing (e.g., judging the pleas-
antness of test words) in the earlier heard condition, and
engaged in this strategy to a greater extent in the standard
recognition condition.

Given that source identification is generally assumed
to follow recognition memory (e.g., Bayen et al., 1996),
the preceding differences in recognition memory can-
not have resulted from differences in source identifica-
tion. Rather, they reflect qualitatively different bases
for recognition memory through the use of source-
constrained retrieval. Direct evidence of this may be ob-
tained by examining memory for foils (Table 2). Memory for
foils was best when subjects were instructed to endorse only
pleasantness-judged items. Specifically, recognition mem-
ory for foils was significantly higher in the pleasantness-
judged test condition (.76) than in both the standard
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recognition-memory test condition (.62) [#(34) = 2.92]
and the earlier heard test condition (.63) [#(34) = 2.51].
These effects resulted largely from differences in false
alarms [F(2,15) = 4.59] with significant differences
emerging between the pleasantness-judged condition and
the other test conditions (s = 2.53 and 2.86 for standard
recognition and earlier heard tests, respectively). No sig-
nificant differences among groups were found for hits
(F < 1). Because there were no differences in hits, dif-
ferences in foil recognition cannot be explained as solely
reflecting a difference in criterion but instead must also
reflect a difference in ability to discriminate between old
and new words.

As in Experiment 1, the effects on foil memory can-
not be accounted for by alternative explanations based on
differences in false recognition or rejection time during
the initial recognition memory tests. Foil memory was
highest in the pleasantness-judged test condition, which
had the lowest false alarm rate on the initial test. Argu-
ing against a rejection time account, the earlier heard test
condition—a group with significantly worse foil recogni-
tion performance than that for the pleasantness-judged
test group—had the slowest rejection time (1,676 msec)
for new items, in comparison with rejection times for the
pleasantness judgment (1,397 msec) and standard recog-
nition (1,321 msec) test groups.

In addition to rejecting new words, the subjects in the
pleasantness-judged test condition were instructed to
reject earlier heard words and the subjects in the earlier
heard test condition were instructed to reject pleasantness-
judged words. These instructions were the same as those
used for exclusion conditions in process dissociation re-
search (e.g., Jacoby, 1991). An analysis of exclusion and
new-item performance for these two test conditions re-
vealed a significant interaction [F(1,34) = 11.99, MS, =
51.07]. False alarms were more likely for earlier heard
words than for new words in the pleasantness-judged test
condition (.07 vs. .01), whereas in the earlier heard test
condition, false alarms were less likely for pleasantness-
judged words than for new words (.11 vs. 17). Interactions
of this sort have been used as support for a dual-process
model which holds that recollection and familiarity serve
as alternative bases for recognition memory (see, e.g.,
Jacoby, 1999). By that model, the better exclusion per-
formance of pleasantness-judged words reflects an advan-
tage in recollection for those words as opposed to earlier
heard words.

Table 2
Hits, False Alarms, and Difference Scores for the
Foil Recognition Test Following the Three Initial Test
Conditions in Experiment 2

Memory Test Hits False Alarms Difference
Standard Recognition .82 .20 .62
Source

Pleasantness .88 12 .76
Heard .86 23 .63
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GENERAL DISCUSSION

The results from the present experiments indicate that
specifying the source of old items produced a qualitative
change in the type of information used for memory judg-
ments. Such effects of source-constrained retrieval were
demonstrated in a standard recognition memory test (Ex-
periment 1) and a source memory test (Experiment 2).
In both experiments, recognition memory for foils was
higher when target items were earlier deeply processed
rather than shallowly processed. This was true even
though foils were more accurately and quickly rejected
when targets had been deeply processed at test. The depth
of processing of the foils, not the difficulty of their rejec-
tion, was responsible for their subsequent recognition.

Memory for foils provides direct evidence of source-
constrained retrieval, evidence that converges with results
reported by others. Humphreys and his colleagues (2003)
have shown the importance of test instructions for memory
access in exclusion tasks such as those used in our Experi-
ment 2, and they have argued that memory decisions are
based on a match between a reinstated context, including
processing context, and a context that is retrieved using
the probe as a cue (cf. Marsh & Hicks, 1998). Effects
of source-constrained retrieval reveal qualitative differ-
ences in the criteria used to reject foils, showing that the
processing of foils is relative to the specification of target
information. In contrast, formal models of recognition
memory have highlighted the importance of quantitative
criteria (e.g., strength of global familiarity in the model
proposed by Gillund & Shiffrin, 1984) for accepting an
item as “old,” largely neglecting qualitative differences
in criteria.

The results of Experiment 2 showed that subjects in-
structed to accept only pleasantness-judged words exhib-
ited both superior recognition memory and better mem-
ory for foils than did subjects given standard recognition
memory instructions. These data suggest problems for
measurement models of source identification that hold
that recognition memory, presumably based on familiar-
ity, is independent of source memory (e.g., Bayen et al.,
1996). By those models, information about source is
retrieved for recognized items in response to the source
question but does not play a role in recognition memory
per se, an assumption inconsistent with our results.

Effects of source-constrained retrieval on recognition
also suggest problems for the inclusion/exclusion variant
of the process dissociation procedure that has been used
to separate the contributions of recollection and famil-
iarity to recognition memory performance (e.g., Jacoby,
1991). The standard recognition memory condition in Ex-
periment 2 corresponded to an inclusion test, whereas the
other two test conditions in that experiment were exclu-
sion tests. As Humphreys et al. (2003) have suggested,
asking different memory questions for inclusion and ex-
clusion tests can influence memory access and violate the
assumption that familiarity is equivalent for the two test
conditions, an assumption that the process dissociation

procedure relies on to gain estimates of recollection and
familiarity. Our results converge with those reported by
Humphreys et al. in suggesting that the equal familiar-
ity assumption is sometimes violated, and we agree with
their conclusion that estimates of familiarity gained from
the inclusion/exclusion procedure should be interpreted
with care, particularly when there are large differences
between conditions in the rejection of new items, such as
those found in Experiment 2.

Our results show the value of memory for foils as
a means of directly measuring reliance on source-
constrained retrieval. We have also used effects on mem-
ory for foils to examine reliance on cognitively controlled
retrieval, rather than familiarity, for recognition memory
(Velanova et al., 2003) and to distinguish bases for re-
sponding in a working memory task (Speer, Jacoby, &
Braver, 2003). We are currently using tests of foil memory
to investigate potential age-related deficits in retrieval
depth. The relatively poor performance of older adults on
tests of source identification (e.g., Spencer & Raz, 1995)
might arise, in part, from a diminished ability to constrain
retrieval and be open to remediation. Just as remedying
faulty quality control would differ depending on whether
the problem arose from “production” or from “ineffec-
tive inspectors,” one would follow very different courses
for memory remediation depending on whether problems
arose from a deficit in source-constrained retrieval or
from a deficit in source identification.
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