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c-
e We show that inferences can be made about differences in retrieval intentionality between direct
at and.indirect tests, even when those tests involve different physical cues. When the presence of
1d old items was not mgntioged (i‘ndirec_:t t‘est condition), we observed a crossed dpuble dissoc%ation
n i between perceptual identification priming and recognition memory as a function of a manipula-
| tion of data—dnven-versus conceptually driven processing at encoding. When subjects were in-
1 structed to use their memory to help them identify test items (intentional retrieval condition),
l priming could be expressed as a monotonically increasing function of recognition memory per-
[ formance. This reversed association (Dunn & Kirsner, 1988) between priming and recognition
. i memory cannot be accommodated by a model that views intenticnal retrieval as commeon to the
'}3;" ‘ tests and attributes the crossed double dissociation to an intertest difference in physical cues
: i and associated processes. A posttest questionnaire measure indicated that awareness of the pres-
ing ence pf prgviously encountered items was ubiquitous among indirect test subjects. Crossed dou-
& ble dissociations between direct and indirect measures can therefore be ascribed to differences
in retrieval intentionality but not necessarily to differences in subjective awareness of the past.
Ef-
;;,- In traditional memory tests, subjects are instructed to  itatory priming effects can oceur in word-stern comple-
recall or recognize information concerning an event or  tion even when subjects are instructed nof to emit itemns
2). events in their personal history. Success in such direct  previously encountered in the experiment and when they
- tests of memory (Johnson & Hasher, 1987; Richardson-  are unable to recognize the old items that they produced
age Klavehn & Bjork, 1988) depends on an intention to  (Richardson-Klavehn, Gardiner, & Java, 1994). Taken
retrieve information from the past. By contrast, in indirect  together, these results provide strong evidence that mem-
in- tests of memory, the subject engages in a task that makes  ory can influence performance independent of an inten-
and sense in the current context, and the instructions do not  tion to retrieve information from the past. Since the sub-
om make reference to the past. Performance in indirect tests  jects in these studies showed no awareness of the past
can nonetheless be influenced by past events; for exam-  events whose influence was manifest in their behavior,
L& ple, prior exposure to a word increases the likelihood that  these findings also suggest that influences of memory on
re- it will be used to complete a word stem and enhances ac-  behavior can be unconscious, as well as involuntary.
0. curacy of identification when that word is rapidly flashed The cases just cited, however, are exceptions among
or presented with missing letters. the aumerous studies comparing direct and indirect tests.
Such facilitation or repetition priming effects are some-  Most studies aimed at distinguishing competing theoreti-
heir times observed when deliberate efforts to remember the  cal accounts of involuntary unconscious memory have
23“‘ events causing facilitation are fruitless. Priming effects  been conducted with normal subjects, with standard in-
ont.; can be intact in memory-disordered patients who show  direct tests, and under conditions in which direct test per-
that floor-level performance in direct tests (see, e.g., Shima-  formance was well above chance. When direct test per-
ce. mura & Squire, 1984), and can be observed in normals  formance is above chance, and when a standard indirect
10n- when direct test performance is at chance (see, e.g., Eich,  test is used, facilitation effects could reflect involuntary
::ld 1984; Kunst-Wilson & Zajonc, 1980). Furthermore, facil-  memory but could also reflect influences of intentional
in- retrieval strategies. Investigators have often dismissed this
“the We thank James 1. Chumbley, Gregory V. fones, Douglas L. Nel-  possibility because of abundant instances of dissociations
ifer- son, Henry L. Roediger I, Daniel L. Schacter, Barry S. Stein, and  between direct and indirect tests (for summaries, see
»Fiifs N;_ar-y Sue WEeldor_l fortﬂ;cir invai-l.;abie ::iom}r!r_l;:ntﬂsl o::_ caurlif:rh drafts of  Richardson-Klavehn & Bjork, 1988; Roediger, 1990;
1815, A tnis paper. bkxpenmen w OrIm W thor w -
[ Visitgijngc Reseag:i Fellow at éflyp%niver:ity. H!ceis ijd;lgtséda?o Paul ‘:-’si]? Roediger & McDermott, l 993;.SChaCte.r' 1987) but have
liams for expert technical assistance and to the members of the Mem-  tended to overlook cases in which manipulated and non-
ory and Cognition Research Group for their generous hospitality and ~ manipulated variables have influenced performance in the

two classes of test in a similar way.

When memory-disordered subjects have shown deficits
{compared to normal controls) in both direct and indirect
tests, the deficit in the indirect test has routinely been
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ascribed to spontaneous use of intentional retrieval strate-
gies by control subjects (see, e.g., Cohen & Squire, 1980;
Moscoviich, Winocur, & MacLachlan, 1986; Squire,
Shimamura, & Graf, 1987). In normal subjects, variables
producing parallel effects on direct and indirect measures
include repetition in the study list (see, e.g., Graf & Man-
dler, 1984; Jacoby & Dallas, 1981), study-list length (Slo-
man, Hayman, Ohta, Law, & Tulving, 1988), level of
attention at encoding (Eich, 1984), and instructions to
forget versus remember studied items (MacLeod, 1989).
Additionally, priming in tests of conceptual information
depends on the processing of semantic information at en-
coding, in the same way as do recall and recognition (see,
e.g., Blaxton, 1989; Hamann, 1990; Srinivas & Roediger,
1990). Most recently, Challis and Brodbeck (1992) have
shown that depth of processing at study influences per-
formance in indirect tests involving perceptual informa-
tion (e.g., stem completion). Depth of processing has been
regarded as dissociating direct and indirect tests because
the effect on indirect measures is generally nonsignificant
at the level of the individual study (see, e.g., Graf & Man-
dler, 1984; Roediger, Weldon, Stadler, & Risgler, 1992;
Schacter & Graf, 1986). Across studies in the literature,
however, there is a consistent small advantage of deep
over shaflow processing.

Parallel effects have sometimes been taken to indicate
that certain factors influence involuntary and intentional
retrieval in the same way (see, e.g., Jacoby, 1983a). How-
ever, according to the retrieval intentionality criterion
{Schacter, Bowers, & Booker, 1989), when subjects em-
ploy intentional retrieval, and direct and indirect tests in-
volve the same physical cues, dissociations between direct
and indirect tests should not be observed. Paralle] effects
are therefore equally compatible with the view that the
indirect measure was ‘‘contaminated’’ by intentional re-
trieval. The fact that the physical cues differed between
the direct and indirect tests in most of the studies report-
ing parallel effects only strengthens this argument: Par-
allel effects are observed despite differences in test cues.

Recent publications reflect increasing concern that in-
direct measures may not be ‘‘process-pure’’ measures
of involuntary memory (see, e.g., Challis & Brodbeck,
1992; Dunn & Kirsner, 1988, 1989; Merikle & Reingold,
1991; Richardson-Klavehn & Bjork, 1988; Schacter et al.,
1989). Jacoby {e.g., 1991; Jacoby, Toth, & Yonelinas,
1993) has responded to this type of concern by proposing
that the use of standard indirect measures be abandoned
in favor of opposition methodology (Jacoby, Woloshyn,
& Kelley, 1989), in which intentional and involuntary in-
fluences of memory are placed in an antagonistic, rather
than a synergistic, relationship. As Richardson-Klavehn
et al. (1994) point out, where repetition priming is con-
cerned, opposition tests have disadvantages—as well as
advantages—that standard indirect tests do not have. Sub-

jects in opposition tests are instructed not to respond with
previously encountered items. In consequence, the likeli-
hood is minimal that priming effects in opposition tests
reflect facilitatory influences of intentional retrieval pro-

cesses. However, anecdotal evidence indicates that sub-
Jjects in indirect tests often respond with items that they
did not intend to retrieve but that they consciously recog-
nize (see, e.g., Schacter et ai., 1989), a phenomenon we
refer to as involuntary conscious memory." In an opposi-
tion test, by contrast, subjects will suppress items as-
sociated with an awareness of the past, even If those items
are initially generated as a result of involuntary retrieval
processes. This characteristic makes opposition tests par-
ticularly suitable for studying influences of memory that
are not only involuntary but also unconscious. Neverthe-
less, until we have a better understanding of the role of
involuntary conscious memory, if seems imprudent to
abandon the use of indirect tests,

Crossed double dissociations between direct and indirect
memory measures have been cited as strong evidence that
indirect test performance reflects involuntary retrieval pro-
cesses (see, e.g., Allen & Jacoby, 1990; Jacoby, 1983b).
The term crossed double dissociation (Dunn & Kirsner,
1988) refers to cases in which the same variable produces
opposite effects on two different memory tests. For ex-
ample, previous experiments have shown that generating
an item at encoding produces better recognition memory
than does reading it but that reading an item produces
more priming in perceptual identification than does gener-
ating it (see, e.g., Jacoby, 1983b). A number of other
studies have shown similar crossed double dissociations
between direct and indirect tests as a function of gener-
ate/read and picture/word manipulations at encoding (see,
e.g., Blaxton, 1989; Weldon & Roediger, 1987; Winnick
& Daniel, 1970; for reviews, see Richardson-Klavehn &
Bjork, 1988, Roediger & McDermott, 1993). The as-
sumption has been that such dissociations are incompatible
with the involvement of intentional retrieval processes in
the indirect tests, because conditions that improve the suc-
cess of intentional retrieval attempts (i.e., generating an
item, or studying it in pictorial form) lead to a reduction
in priming effects.

Unfortunately, the conclusion that crossed double dis-
sociations indicate differences in retrieval intentionality
between tests is underdetermined by the data. The great
majority of stdies showing such patterns of data fall afoul
of the retrieval intentionality criterion, because the tests
compared differed in terms of physical test cues, as well
as in terms of instructions (for an exception see Java,
1994}, Intentional retrieval cowld, therefore, be common
to both the direct and indirect tests, the crossed double
dissociation being produced by an interaction between the
processing demands of the test and the type of informa-
tion encoded. In consequence, the observed dissociations
cannot conclusively be attributed to a difference in re-
trieval intentionality between tests. Still more contentious
is the assumption that such dissociations of task perfor-
mance imply differences between tests in conscious aware-
ness of past events. Even if indirect test performance re-
flects only involuntary influences of memory, it is by no
means clear that those involuntary influences are unac-
companied by subjective awareness of the past.
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Awareness of the past in indirect tests has rarely been
a subject of systematic investigation. Bowers and Schacter
(1990} classified subjects in their test-uninformed con-
dition (indirect test condition) into test-aware and test-
unaware groups on the basis of their responses to a struc-
tured interview that followed a word-stem-completion test.
Subjects who indicated awareness that some of the stems
in the test could be completed with previously encoun-
tered items showed an effect on priming of depth of pro-
cessing at encoding similar to that observed in direct tests;
subjects who did not indicate awareness of the presence
of old items showed no significant effect. Bowers and
Schacter also ran a test-informed condition, in which sub-
jects were told of the presence of stems corresponding
to studied items but asked to use the first item that came
to mind, despite their knowledge of the study-test rela-
tionship. Like test-unaware subjects, these subjects also
showed no significant effect of depth of processing on
prinuing. Taken together, these data suggest that spontane-
ous test awareness during an indirect test prompts sub-
jects to adopt an intentional retrieval strategy.

This important study, however, leaves several unan-
swered questions. Bowers and Schacter did not ask their
subjects whether or not they had adopted an intentional
retrieval strategy; it is, therefore, possible that awareness
of the presence of previously encountered items was ac-
companied by the use of an intentional retrieval strategy
only for sonie subjects in their test-aware group. In addi-
tion, they did not ask fest-aware subjects whether they
suspected prior to the test that it would contain old items,
as might happen if subjects tried to *‘second guess’’ the
purpose of the experiment, or whether they became aware
of the presence of old items only after they had started
the test, which would represent an instance of involuntary
conscious memory. Finally, Bowers and Schacter exam-
ined the relationship between test awareness and the effect
of a variable that, at best, produces a single dissociation
between direct and indirect tests {i.e., depth of processing
often exerts a significant effect on direct test performance,
in conjunction with no significant effect on indirect test
performance). Since greater theoretical resolving power
has been attributed to crossed double dissociations be-
tween tasks than to single dissociations, it would be use-
ful to determine whether test-aware indirect-test subjects
do or do not show such crossed double dissociations.

With this background in mind, we had two major aims
in the current research: (1) to determine whether a crossed
double dissociation between a direct and an indirect test
could be attributed to a difference in retrieval intention-
ality between tests, even when those tests involved dif-
ferent physical retrieval cues; and (2} to explore the rela-
tionship between awareness of the encoding episode and
indirect test performance in the context of a crossed dou-
ble dissociation between direct and indirect tests, and—if
such awareness occurred at all—to examine how it came
about and how it was related to the test strategies adopted
by subjects.
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EXPERIMENT 1

In Experiment 1, we employed both a manipulation de-
signed to affect subject strategy and a posttest question-
naire designed to measure test awareness (Bowers &
Schacter, 1990) and subject strategy. We used a test of
perceptual identification, because it has been claimed that
repetition priming in this test is uninfluenced by inten-
tional retrieval strategies (see, e.g., Jacoby & Dalias,
1981). In one test condition, the subjects were instructed
to use their memory for previously encountered items to
help them identify test items. In the other test condition,
standard indirect test instructions were given; that is, the
subjects were simply told to identify the test items, and
no mention was made of the presence of previously en-
countered items.

We were unsure whether an instructional manipulation
alone would produce the desired changes in strategy in
the perceptual identification test. In consequence, we
deliberately confounded the instructional manipulation
with a manipulation of the percentage of test items that
were previously presented {see Jacoby, 1983a, for a sim-
ilar confounding). This confounding was designed to make
the effect of instructions as powerful as possible and to
render the instructions plausible to subjects. Given a sig-
nificant effect of such a “‘sledgehammer’’ manipulation,
we could unravel the effect of instructions from any ef-
fect of percentage of old test items in a later experiment
(see Experiment 3 below). In the intentional retrieval con-
dition, therefore, 90 of the 120 test iterns had been previ-
ously encoded, and 30 were new (75% of test items old);
in the standard indirect test condition, 30 of the 120 items
had been previously encoded, and 90 were new (25% of
test items old). In both instructional conditions, the criti-
cal items were 30 old and 30 new low-frequency words.
The remaining 60 test items were fillers, consisting of
medium- and high-frequency words. In the intentional
retrieval condition these items were all old, whereas in
the standard indirect test condition, they were all new.
Word frequency is positively related to identifiability
regardless of old/new status at test (see, e.g., Jacoby,
1983a; Jacoby & Dallas, 1981). When these filler items
were old, the subjects were expected to identify a Jarge
proportion of them and recognize them as old, reinforc-
ing the effect of the instructions to use a recollective
strategy. When they were new, the subjects were expected
to identify a large proportion of them and recognize them
as new, reinforcing the impression that there was no rela-
tion between the encoding and test phases of the experi-
ment. Low-frequency words were used as the critical items
because they show larger benefits of prior presentation
in tests of perceprual identification than do medium- and
high-frequency words (see, e.g., Jacoby & Dallas, 1981).

Following the perceptual identification test, the subjects
filled out a questionnaire that asked them if they were
aware of the presence of old items on the test list. If they
were test-aware, they were asked (1) whether they sus-
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pected prior to the test that it would contain old items or
whether they became aware of the presence of old items
after beginning the test, and (2) whether or not they had
attempted to use their memory for previously encountered
items to help them identify test items.

The manipulation of test instructions was combined with
& manipulation of data-driven versus conceptually driven
processing at encoding. This manipulation was expected
to produce a crossed double dissociation between perfor-
mance in the test of recognition memory and performance
in the perceptuat identification test when standard indirect
instructions were given. Given this pattern of data, we
could conduct an experimental test of the hypothesis that
the crossed double dissociation reflected an intertest dif-
ference in retrieval intention. If this hypothesis is correct,
the crossed double dissociation between recognition mem-
ory and perceptual identification priming as a function of
type of processing at encoding (data-driven vs. concep-
tually driven) should disappear when intentional retrieval
strategies are used in perceptual identification.

The obvious candidate for a manipulation producing op-
posite effects on recognition memory and perceptual iden-
tification priming was a generate/read manipulation, as
used by Jacoby (1983b). However, in conditions requiring
subjects to generate low-frequency words, generation fail-
ures are endemic unless a fragment corresponding to the
word is presented. We believed that presenting a frag-
ment of a to-be-encoded item in the conceptually driven
encoding condition would induce some data-driven pro-
cessing, reducing the difference in encoded information
between conditions. To circumvent these difficulties, we
used an analog of the more conventional generate/read
manipulation. In the conceptually driven encoding con-
dition, items were presented auditorily, and the subject
judged how recently the referent of the word had been
encountered {auditory-deep condition). In the data-driven
encoding condition, items were presented visually and the
subjects counted the number of enclosed spaces in the Jet-
ters of the word (visual-shallow condition). The auditory-
deep encoding condition did not present the perceptual
“‘data’” that would later appear in the test and involved
a task that emphasized the semantic properties of the item;
on the other hand, the visual-shallow condition presented
the perceptual data that would later appear in the test and
involved a task that emphasized the sensory characteris-
tics of the item.

Direct test subjects received a “‘yes’’/*‘no’’ recognition
memory test instead of a perceptual identification test. As
in the perceptual identification test, there were two groups,
which differed in the percentage of test items that were
old (75% vs. 25%). Both groups were expected to show
better old/new discrimination in the auditory-deep con-
dition than in the visual-shallow condition. On the basis
of signal detection considerations (Green & Swets, 1974),
we expected percentage of old test items to influence cri-
terion for a “‘yes’’ response, but we did not expect it to
mnfluence discrimination. Given this result, we could rule
out the hypothesis that the perceptual identification sub-
jects given intentional retrieval instructions (for whom the

majority of test items were old) were differentially able
to recollect encoding events in comparison with the sub-
jects given standard indirect instructions {for whom the
majority of items were new).

Method

Subjects. The subjects were 134 male and female undergraduate
students at the University of California, Los Angeles. They partic-
ipated in order to fulfill a requirement for an introductory course
in psychology and were screened for fluency in English. Six sub-
jects in the perceptual identification groups were replaced because
they showed either ceiling or floor effects, leaving a total of 128
subjects,

Design. The experiment was a 2 (recognition memory vs. per-
ceprual idenmtification) x 2 {75% of test items old vs. 25% old) X
3 {auditory~deep vs. visual-shallow vs. new items) factorial de~
sign. Test type and percentage of test items that were old were both
manipulated between subjects, with 32 subjects randomiy assigned
to each of the four groups. In the perceptual identification groups,
the percentage-of-old-test-items varjable was accompanied by a ma-
nipulation of instructions: When 75% of test items were old, the
subjects received intentional retrieval instructions; when 25% of
test items were old, standard indirect test instructions were given.
In the recognition memory groups, the subjects were informed of
the percentage of test items that would be old. Encoding condition
was manipulated within subiects. The subjects in all groups encoded
a list of 90 items in Part 1 of the experiment, with 45 items in each
of the two encoding conditions. Fifteen of the 453 items in each con-
dition were critical low-frequency words.

Materials. Sixty high-frequency, 90 medium-frequency, and 60
low-frequency nouns were selected from Kudera and Francis (1967).
Frequency of occurrence per miflion words of text was 50 or more
(high frequency), 10-49 (medism frequency), and 1-5 (low fre-
guency). All words had between four and six lenters. They were
selected so that it would make sense to the subjects, in the judg-
ment of the experimenters, to perform a judgment of recency of
encounter with the referent of the word. This criterion meant that
most of the words referred to concrete objects, although some ab-
stract nouns {e.g., refund) were included. To preclude ambiguity
in the auditory~deep condition, we excluded homophones and words
referring to objects in the experimental room.

The high-frequency and low-frequency word sets were each ran-
domly assigned into two 30-word pools (H1, H2; L1, L2}. The
medium-frequency words were randomly assigned into three 30-word
pools M1, M2, M3). Items in Pool M3 were used as practice items:
2 were used as examples in the instructions prior to the encoding
phase, 8 were used in the practice encoding trials, and 20 were used
in the practice perceptual identification test. Pools M1 and M2 were
used as experimental items.

Four %3-item study lists were constructed, each consisting of 30
high-, 30 medium-, and 30 low-frequency words. A single block-
randomized order of frequency categories was used for all four lists.
Each of the 30 three-word blocks contained one word from each
of the three categories. The four lists differed in the specific pools
of words that they contained: H1, M1, L1 (Study List 1); H1, M1,
1.2 (Study List 2); H2, M2, L1 (Study List 3); or H2, M2, L2
{Study List 4). Two 120-item test lists were created, each coniaining
30 high-, 30 medium-, and 60 low-frequency words, These lists con-
tained both Pools L1 and L2, and differed only in the high- and
medium-frequency words that they contained: H1 and M1 (Test List 1)
or H2 and M2 {Test List 2). A single block-randomized order of fre-
quency categories was used for both test lists. The list was divided
into 30 four-item blocks, each containing one word from Pool L1 and
one word from Pool L2, plus a high- and a medium-frequency word.

The manjpulation of percentage of old test items and the counter-
balancing of old/new status at test for the critical low-frequency
items were accomplished by administering all eight possible com-
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binations of study and test lists across subjects. For Test List 1,
administering Study Lists | and 2 resulted in a 75% overlap be-
tween study and test items, whereas administering Study Lists 3
and 4 resulted in a 25% overlap. For Test List 2, Study Lists 1
and 2 resulted in a 25% overlap, and Study Lists 3 and 4 resulted
in a 75% overlap. For both test lists, when Study Lists 1 and 3
were presented, Pool L1 was old, and Pool L2 was new, and when
Study Lists 2 and 4 were presented, Pool LI was new, and Pool L2
was old. Across subjects, therefore, both pools of critical items ap-
peared under all four possible combinations of study-test overlap per-
centage and old/new item status at test. By contrast, overlap per-
centage and oldinew status were deliberately confounded for the
noneritical high- and medium-frequency items: When they were old,
they were in the 75% overlap condition, and when they were new,
they were in the 25% overlap condition. However, the sets of high-
and medium-frequency items (H1 and M1 vs. H2 and M2) forming
the noncritical items were varied systematically at study and at test,

To counterbalance encoding condition across items, eight unique
encoding formats were created from the four study lists (Formats
1 and 5 from Study List 1, Formats 2 and 6 from Study List 2, For-
mats 3 and 7 from Study List 3, and Formats 4 and 8 from
Study List 4). The items in each list were divided into six 15-item
blocks. In view of the construction of the study lists, each block
therefore contained 5 words from each frequency category. In For-
mats | through 4, items in odd-numbered blocks were in the visual-
shallow conditton, and items in even-numbered blocks were in the
anditory-deep condition. In Formats 5 through 8, items in odd-
numbered blocks were in the auditory-deep condition, and items
in even-numbered blocks were in the visual-shallow condition.

Four test formats were created from the two test lists. Test List 1
was presented for a perceptual identification test in Format 1 and
a recognition memory test in Format 3; Test List 2 was presented
for a perceptual idenitification test in Format 2 and a recognition
memory test in Format 4. Combining the eight study formats with
the four test formats resulted int 32 unique study/test combinations.
Four subjects were assigned to each combination, for a total of 128
subjects.

Apparatus and Procedure. An IBM AT personal computer and
Sony PYM 1271Q color monitor were used to present stimuli and
record the subjects’ responses. The subjects were told that the ex-
periment concerned various aspects of their knowledge of English
words. Prior to the encoding phase, they were told to make one
of two types of judgments; which judgment they made would de-
pend on how a word was presented to them. When a word appeared
in uppercase blue letters on the screen, they were to count the num-
ber of enclosed spaces in the letters of the word (visual-shallow
condition}. An enclosed space was defined as a space surrounded
by a continuous line, as in the letters A, B, D, O, P, Q, and R.
Each word appeared for 3 sec. At the disappearance of the word,
the computer prompted the subject for a numerical judgment, which
was entered via the keyboard. When a row of green asterisks within
red quotation marks appeared on the screen for 3 sec, the expen-
menter would say the to-be-judged word, and the subjects were to
Jjudge how recently they had encountered the thing denoted by the
word (auditory-deep condition). At the disappearance of the aster-
isk stimuius, the subject entered their numerical judgment using
a 7-point scale (1 = minutes age, 2 = hours ago, 3 = days ago,
4 = weeks ago, 5 = months ago, 6 = years ago, and 7 = never).
The category corresponding to each number was marked at the top
of the keyboard. The subjects were told that they should make this
Jjudgment by retrieving a specific encounter with the referent of the
word, but if they could not, to try and make a reasonably accurate
judgment. The subjects never indicated any difficulty in making
the judgment. In both encoding conditions, the subjects were al-
lowed a maximum of 20 sec to make their judgment before the com-
puter skipped to the next word. Pushing the “‘Enter”’ key before
20 sec had elapsed initiated the next trial. To acquaint subjects with
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‘the tasks, a practice list of 8 medium-frequency items (four visual-

shaliow, four auditory-deep) was presented prior to the experimental
trials, In the experimental trials, the subjects alternated berween
the two types of judgments, changing judgment every 15 words.

Following the encoding trials, all subjects received a perceptual
identification test consisting of 20 new medium-frequency items.
This test served as practice for perceptual identification subjects
and as a distractor for recognition memory subjects. All subjects
were told that the test served to index another aspect of their knowl-
edge of words. On each trial, a fixation point (a white asterisk)
appeared for 1 sec above the position in which the first letter of
the word wouid appear. The target word was then flashed in yel-
low letters against a blue background, a dispiay type that was se-
lected in order to produce sharply defined edges to the letters of
the word. After each word was flashed, it was replaced by a mask
(details of mask type below), and the computer prompted the sub-
ject to enter a response via the keyboard. Pushing the ““Enter’’ key
initiated the next trial. In order to ““shape™ the subject’s identifi-
cation performance, the exposure duration was 148 msec for the
first item and was reduced by 10 msec for each successive item
until it reached 48 msec on Trial [1. For the remaining trials the
exposure duration remained at 48 msec, the duration that was sub-
sequently used for the critical perceptual identification trials.” The
subjects were told that they would often not be sure of the identity
of the flashed word, but that if they had some idea of its identity,
they should enter the word that they believed had been presented.
They were allowed up o 20 sec to make a response before the com-
puter skipped to the next item. If they had no idea of its identity,
pushing the ‘‘Enter”* key before 20 sec had elapsed initiated the
next trial.

Following the practice trials, different instructions were given
depending on between-sibject experimental condition. The percep-
tual identification subjects were told that they would continue to
perform the task they had just performed. The subjects in the stan-
dard indirect test group were not told that the test would contain
words from the encoding phase of the experiment. The subjects in
the intentional retrieval group were told that the upcoming test list
would consist largely of words from the encoding phase of the ex-
perirrent and that they should try to use their memory for those
items to help them identify test iterns. The procedure on each of
the identification trials was exactly the same as in the practice trials.
The subjects in the recognition memory groups pushed either the
Y key if they believed that the word had been previously presented
or the N key if they believed that it had not. Recognition test items
were presented in yellow uppercase letters against a biue back-
ground, as in the perceptual identification test, but they remained
on the screen until one of the two response keys was pushed, at
which time the computer skipped to the next word. The maximum
time allowed for a response was 20 sec. The subjects for whom
25% of the test iterns were old were told that about a quarter of
the upcoming test itemns would be old; the subjects for whom 75%
were old were told that about three quarters would be old. These
instructions were designed to mirror as far as possible the instrue-
tons received by the two groups of perceptual identification subfects.

At the conclusion of the test, the perceptual identification sub-
jects filled out a questionnaire. They were told that the purpose of
the questionnaire was to determing their state of awareness and their
strategies during the test, and that they should answer the ques-
tions as accurately as possible. Each question presented the sub-
Jjeets with two response alternatives; the subjects checked a box in-
dicating their choice. The first question asked them whether they
were aware that some of the flashed words had been presented previ-
ously in the experiment (“‘yes™/*'no’’ response). They were re-
quired to answer the remaining questions only if they answered this
question affirmatively. The second question asked them whether
(1) they had suspected prior to the beginning of the test that some
of the flashed words would be words that had been previously pre-
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sented or (2} they had realized at some time during the course of
the test that some of the flashed words had been previously pre-
sented. The third question asked them whether they had actively
tried to use their memory for words that they had encountered be-
fore to help them identify the flashed words (*‘yes’’/*no’* response).

Afier 64 of the 128 subjects had been tested (16 per between-
subject group), the mask used in the perceptual identification trials
was changed because of an update in the program used to present
stimuli. For the first 32 perceptual identification subjects, there-
fore, the mask consisted of a row of white *‘at”” symbols (i.e.,
@@@@@@). For the remaining 32 subjects, it consisted of a rect-
angular white field with a zigzag arrangement of black lines super-
imposed on it. The change in the program did not affect recognition
memory trials. Since the change was made after the first complete
iteration through the 32 study/test formats, mask type constituted
an additional factor that was completely crossed with the other fac-
tors in the perceptual identification portion of the design.’

Results

Recognition memory data. The mean proportions of
“‘yes’” responses to critical low-frequency old and new
test items are presented in Table 1. Means for auditory-
deep and visual-shaltow items are hit proportions and are
based on 15 observations per subject per condition; means
for new items are false alarm proportions and are based
on 30 observations per subject. Because of ceiling effects
in the auditory-deep condition and floor effects in new
item scores, the distributions of scores in these conditions
showed significant deviations from normality (i.e., skew-
ness and kurtosis). In view of these deviations, we es-
chewed analysis of variance of the hit and false alarm pro-
portions. Instead we transformed the data by using a signal
detection model prior to analysis.* Applying the mode}
permitted us to examine two critical questions separately:
(1} Did the auditory-deep condition lead to superior
old/new discrimination than did the visual-shallow con-
dition? and (2) Did the manipulation of percentage of old
test items affect old/new discrimination, or did it simply
affect overall bias toward emitting ‘‘yes’’ responses?

Two d' scores were calculated for each subject by using
the distribution of the standard normal variable—one for
the auditory-deep condition and one for the visual-shallow
condition. An estimate of criterion for emitting a “*yes”’
response was obtained concomitantly. In order to ensure
that 4’ was defined for each subject in each condition,
the subjects showing a hit score of 1.0 were arbitrarily
assigned a score of 99, and the subjects showing a false
alarm score of zero were assigned a score of .01. The
resulting mean 4’ and criterion scores are presented in
Table 2. The distributions of these scores showed no sig-
nificant deviations from pormality. A 2X2 analysis of

Table 1
Mean Proportions of “Yes” Responses to Critical
Low-Frequency Items in Experiment 1 as a Function of
Encoding Condition and Percentage of Test Items That Were Old

Percent Test 0Olg Items
Irems Old Auditory-Deep  Visual-Shalow  New liems

25 91 .34 06
75 .96 52 .16

Table 2
Mesn d' and Criterion Scores for Critical
Low-Frequency Items in Experiment 1 as a2 Function of
Enceding Condition and Percentage of Test Items That Were Qid

Percent Test d
Items Old Aunditory-Deep  Visual-Shallow Criterion
25 337 1.27 1.81
75 3.14 1.25 1.18

vanance (ANOVA) of the d' scores revealed a highly sig-
nificant main effect of encoding condition [F(1,62) =
358.57, p < .001], with the anditory-deep condition lead-
ing to better old/new discrimination than did the visual-
shallow condition. Percentage of old test items did not
influence discrimination overall (F < 1) and did not inter-
act with encoding condition [F{1,62) = 1.02,p > .25].
However, a separate one-way analysis of the criterion
scores showed 2 highly significant effect of percentage
of old test items [F(1,62) = 16.94, p < .001). The sub-
jects for whom 75% of test items were old used a more
liberal criterion for emitting a “‘yes’’ response than did
subjects for whom 25% of the test items were old.

Perceptual identification data. For the analyses to be
reported here, the subjects were scored as correct only
when they responded with the exact letter string presented.
Including potential typographical errors and grammatical
transformations of target items as correct responses did
not change the pattern of data. Four subjects in the inten-
tional retrieval group and 2 in the standard indirect group
were replaced during the course of the experiment because
their performance on critical low-frequency words was
above .90 or below .10 for all three item types (auditory-
deep, visual-shallow, and new).

The mean proportions of critical low-frequency items
correctly identified are presented in Table 3. Means for
old items are based on 15 observations per subject per
condition, whereas means for new items are based on 30
observations per subject. The data were subjected to a
2X2x3 ANOVA, with mask type (‘‘at”’ symbol vs. zig-
zag} and instructions (standard indirect vs. intentional
retrieval) as between-subject factors and item type (audi-
tory-deep vs. visual-shallow vs. new) as a within-subject
factor. The main effect of mask type was highly signifi-
cant [F(1,60) = 14.14, p < .001), the zigzag mask (M =
.70) leading to better performance than the ‘“at’’ symbol
mask (M = .49). However, mask type did not enter into
significant interactions with any of the other factors (all
ps > .20), so the data presented in Table 3 are averaged
over the levels of mask type. The main effect of item type
was highly significant [F(2,120) = 15,12, p < .001], but
this effect was qualified by a significant interaction be-
tween item type and instructions [F(2,120) =3.97,p <
.025], reflecting different profiles across the means of the
three item types for the two groups. The main effect of
instructions was nonsignificant (F < 1).

Planned comparisons (averaged over the levels of mask
type) indicated different patterns of repetition priming for
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Table 3
Mean Proportions of Critical Low-Frequency Items
Identified in Expericaent 1 as a Function of
Encoding Condition and Test Instructions

Old Items
Instructions Auditory-Deep Visual-Shallow New Items
Standard indirect .58 (.04) .62 (.08%) .54
Intentional retrieval 66 (.13%) 63 (L10%) .53

Note—Means in parentheses are priming scores.  *Significant priming.

the intentional retrieval and standard indirect test groups.’
For the standard indirect group, prior encoding of items
in the visual-shailow condition resulted in an improve-
ment in performance when compared with new items
[F(1,60) = 14.40, p < .001], whereas encoding items
in the auditory-deep condition did not [F(1,60) = 2.17,
p > .10]. By contrast, for the intentional retrieval group,
prior encoding of items in both the visual-shallow
[F(1,60) = 19.13, p < .001] and auditory-deep condi-
tions [F(1,60) = 27.75, p < .001] produced significant
performance improvements, in comparison with the new
items. Baseline (new item) performance did not differ sig-
nificantly between the groups (F < 1).

An additional 2 (mask type) X 2 (instructions) X 2 (en-
coding condition) ANOVA was conducted on priming
proportions, obtained by subtracting each subject’s new-
item score from their scores for previously encountered
items. The mean priming proportions are presented paren-
thetically in Table 3. This analysis revealed a marginally
significant main effect of mask type [F(1,60) = 2.87, .05
< p < .10], with the “*at’’ sign mask leading to some-
what greater priming than did the zigzag mask. This re-
sult would be expected in virtue of the higher overall level
of performance obtained with the zigzag mask, which left
less headroom for priming effects to be observed. As in
the previous analysis, however, mask type did not enter
into significant interactions with the other factors in the
design (all ps > .20). The main effect of instructions was
significant [F(1.60} = 4.41, p < .03], with the intentional
retrieval group showing a greater overall level of prim-
ing than did the standard indirect group, whereas the rnain
effect of encoding condition was nonsignificant (F < 1).
The interaction of instructions and encoding condition just
failed to reach significance [F(1,60) = 3.76, p = .054].

Analysis of questionnaire responses. Of the 32 sub-
jects in the standard indirect test group, 2 (6.3%) were
unaware that the perceptual identification test contained
old itemns, 3 (15.6%) suspected prior to the test that it
would contain old items, and 25 (78.1%) realized at some
time during the test that it contained old items. Of the 30
test-aware subjects in this group, 13 (40.6% of total) in-
dicated that they had attempted to use their memory for
previously presented items to help them identify test items,
and 17 (53.1% of total) indicated that they had not. One
of the 5 subjects who suspected the presence of old items
feil into the former group; the remaining 4 subjects fell
into the latter group. The subjects in the intentional re-
trieval group were informed prior to the test that old items

would be present: As expected, all indicated awareness
of the presence of old items. Of these 32 subjects, 28
(87.5%) indicated that they had attempted to use their
memory for previously presented items, and 4 (12.5%)
indicated that they had not (contrary to instructions). The
relationship between instructions and subject status at test
(test-unaware vs. test-aware/did not use memory vs. test-
aware/used memory) was highly significant [x*(2) = 15.54,
p < 001}, confirming the effectiveness of the instruc-
tional manipulation.

To examine the relationship between test strategy and
perceptual identification performance, the data for the sub-
jects in the intentional retrieval and standard indirect test
groups were separated according to whether or not an in-
tentional retrieval strategy had been employed (as indi-
cated by questionnaire responses) . For this purpose, the
two test-unaware subjects in the standard indirect group
were grouped together with test-aware subjects who did
not indicate use of an intentional retrieval strategy. The
mean proportions identified are presented in Table 4. The
data were subjected to a 2 (test strategy) x 2 (instruc-
tions) X 3 (item type) ANOVA, which revealed a signif-
icant interaction between test strategy (as indicated by the
questionnaire) and item type [F(2,120) == 4.00, p <
.025]. The only other significant source of variance in
this analysis was the main effect of item type {F(2,120) =
9.09, p < .001]. Most critically, instructions (which were
confounded with percentage of old test items) did not inter-
act with item type [F(2,120) = 0.23, p > .50] when the
variance associated with test strategy was extracted sep-
arately. These results suggest that the percentage-of-old-
test-items variable could not have directly produced the
interaction between instructions and item type obtained
in the overall analysis reported above.

Planned comparisons (conducted on the unweighted
means) indicated significant priming in the visual-shallow
condition [F(1,60) = 9,12, p < .01], but not in the au-
ditory-deep condition (F < 1), for the subjects who did
not indicate the use of intentional retrieval. By contrast,
the subjects who reported intentional retrieval showed sig-
nificant priming in both the auditory-deep condition

Table 4
Mean Proporiions of Critical Low-Freguency Items
Identified in Experiment 1 as a Function of
Encoding Condition, Subject Strategy, and Test Instructions
Old Items

Auditory-Deep Visual-Shaliow New Items

Instructions

Subjects not indicating an intentional retrieval strategy

Standard indirect 63 (.02) .69 {.08) .61
Intentional retrieval 52 (—.00) 67 (.14) .53
M (unweighted) 57 (.00 68 ((11%) 57
Subjects indicating an intentional retrieval strategy
Standard indirect .50 (.06) 53 (.09 44
Intentional retrieval 68 (L15) 62 (.09 .53
M (unweighted) 59 (1Y 57 (.09%) 48

Note--Means in parentheses are priming scores. *Significant priming.
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[F(1,60) = 18.57, p < .001) and the visual-shallow con-
dition [F(1,60) = 21.40, p < .001}.

Discussion

As expected, performance in the recognition memory
test was much better in the auditory-deep condition than
in the visual-shallow condition, consistent with the well-
known finding that direct-test performance benefits from
processing of semantic-elaborative information at encod-
ing. The advantage of auditory-deep over visual-shatlow
encoding occurred despite the fact that encoding and test
modalities differed in the former condition and matched
in the latter condition. On the other hand, priming in the
indirect test of perceptual identification occuired only in
the visual-shallow condition, m which modality matched
between prior exposure and test. This difference in the
data pattern between tests 1s particularly impressive be-
cause (1) priming did not occur in a condition that led
to extremely accurate recognition memory performance,
and (2) priming did occur in a condition that led to very
poor recognition memory performance. The subjects in
the intentional retrieval group showed significant priming
in both the auditory-deep and visual-shallow conditions,
This result encourages the conclusion that the effects of
intentional retrieval strategies in a perceptual identifica-
tion test depend on the use of semantic-elaborative infor-
mation in memory traces corresponding 10 old items. This
type of information also supports performance in tradi-
tional direct tests of recall and recognition.

The manipulation of percentage of test items that were
old combined with a manipulation of conceptually driven
versus data-driven processing at encoding bears some sim-
ilarity to a design used by Allen and Jacoby (1990), who
showed that mcreasing the percentage of old test items
resulted in an increase in the priming effect in a perceptual
identification task. However, this effect did not interact
with the encoding manipulation (solving an anagram vs.
reading an item at study). Additionally, the effect of per-
centage of old test items was a very small one and was
significant only when this factor was manipulated within
subjects, confounding percentage of old test items with
test order. In view of Allen and Jacoby’s failure to obtain
an interaction between percentage of old test items and en-
coding condition in the absence of an instructional manipu-
lation, and of the small size of the percentage-of-cld-test-
items effect, interactions between our encoding variable
and our instructional manipuiation in perceptual identifi-
cation were unlikely to result from a direct effect of per-
centage of old test items. To determine if the percentage-
of-old-test-iterns manipulation could account for the critical
interaction, we extracted the variance associated with sub-
ject strategy from the data (using questionnaire responses
as an index of strategy). Consistent with a strategic ac-
count, there was no significant interaction between per-
centage of old test items and encoding condition when the
variance associated with strategy was taken into aceount.

Our data do not support Allen and Jacoby's (1990) claim
that increasing the percentage of old test itemns in a “‘yes”’/
**no’’ recognition test improves old/new discrimination
because of a context reinstatement effect. In the current
experiment, changing the percentage of old test items in-
fluenced only the criterion for emitting a *‘yes’’ response,
but not discrimination as reflected in d' scores. This re-
sult is similar to those obtained in signal detection exper-
iments in which the relative proportions of signal and noise
trials are varied (see, e.g., Green & Swets, 1974). The
percentage-of-old-test-items variable exerted a larger in-
fluence on visuaj-shallow hit scores than on anditory-deep
hit scores or false alarm scores. However, in a signal de-
tection model, this differential effect would be expected
because the mean of the distribution of mnemonic infor-
mation for visual-shallow iterns fell closer to the criterion
than did the means of the distributions for auditory-deep
items and new items. Under the assumption of gaussian
distributions, shifts in criterion would have the largest ef-
fect near the mean of a distribution, where probability
density is greatest.

EXPERIMENT 2

Experiment 2 constituted a conceptual replication of the
perceptual identification portions of the design used in Ex-
periment 1, with procedural adjustrnents designed to elim-
inate ceiling and floor effects, thereby enhancing statisticat
power. The primary reason for this replication was that
overall levels of priming in Experiment 1 were smaller
than those observed in many of the experiments in the
literature. This discrepancy could have resulted from the
fixed exposure duration used in Experiment 1. When a
fixed exposure duration is used, subjects display large
variations in overall levels of identification performance,
and those whose performance is close to ceiling or floor
often fafl to show differences between old and new test
items. A secondary reason for the replication was that we
replaced 6 subjects who showed ceiling or floor effects
in Experiment 1, leading to the possibility of subject-
selection artifacts. A third reason was that the subjects
in the intentional retrieval condition did not show the ad-
vantage of visual over auditory encoding reported in many
other studies of repetition priming in visual tasks (for
reviews, see Richardson-Klavehn & Bjork, 1988; Roed-
iger & McDermott, 1993). On the basis of the typical sen-
sitivity of perceptual identification tests to match in sur-
face features between encoding and test, it has often been
concluded that such tests are immune to influences of
semantic-elaborative information. The present result might
therefore be somewhat controversial,

Method

Subjects. Thirty-two male and female undergraduate students par-
ticipated to fulfill a requirement for an introductory psychology
course at the University of California, Los Angeles. They were
screened for fluency in English.
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Design. The recognition memory test formats were omitted from
the design, resulting in 16 unique study/test formats, instead of the
32 in Experiment 1. Two subjects were assigned to each format,
for a total of 32 subjects—16 in the intentional retrieval condition
and 16 in the standard indirect test condition.

Materials. The length of the list of mediuvm-frequency items used
in the practice perceptual identification test was extended from 20
to 40 items. Twenty additional medium-frequency words were se-
lected from Kudera and Francis (1967) according to the criteria used
in Experiment 1 and were added to the original 20 practice items.
The resulting 40-itern list was divided into four blocks of 10 items.
Items were assigned to blocks in such a way that the mean frequency
of the items in the four blocks was approximately the same.

Apparatus and Procedure. The apparatus and procedure were
the same as those in Experiment 1, except in three respects:

1. The **at’” symbol mask used for half the perceptual identi-
fication subjects in Experiment 1 was used for all the subjects in
Experiment 2.

2. Performance on the practice perceptuai identification test was
monitored in order to estimate an exposure duration for each sub-
ject that would produce approximately 30% correct performance
on new low-frequency words. The exposure duration for the prac-
tice iterns was reduced after each block of 10 items. It was 64, 48,
40, and 32 msec for the first, second, third, and fourth blocks,
respectively. Performance on the first block was not scored, and
performance was scored separately for the last three blocks. The
exposure duration that produced performance closest to 40% cor-
rect on the practice items was selected for the test phase. If two
exposure durations resulted in performance equally close to 40%,
the shorter of the two was selected. If performance was poorer than
30% correct on the 48-msec practice items, the exposure duration
in the test phase was set to 56 msec. In summary, exposure dura-
tion in the test proper was either 56, 48, 40, or 32 msec, depend-
ing on the subject’s performance level in the practice test.

3. The questionnaire measure administered at the conclusion of
the perceptual identification test in Experiment 1 was not included
because the purpose of the experiment was to replicate the pattern
of data produced by the experimental manipulations in perceptual
identification. It was reintroduced in Experiment 3.

Results

Exposure duration was free to vary in Experiment 2 so
that there was a potential confounding between exposure
duration and between-subject group resulting from sam-
pling error, Although the mean exposure duration for the
standard indirect test group (M = 47.5 msec) was some-
what longer than the mean for the intentional retrieval
group (M = 44.0 msec), the difference was not signifi-
cant [F(1,30) = 2.71, p > .10]. Inspecting the correct
identification scores of individual subjects revealed that
the exposure adjustment procedure was effective: No sub-
ject in either group showed ceiling or floor effects.

As in Experiment 1, the subjects were scored as correct
only when they responded with the exact letter string pre-
sented. Use of a more lenient scoring criterion did not
change the data patiern. The mean proportions of critical
low-frequency items identified are presented in Table 3.
A two-way ANOVA was conducted, with instructions (in-
tentional retrieval vs. standard indirect) and item type
(auditory-deep vs. visual-shallow vs. new items) as sources
of effect variance. The pattern of significant and nonsig-
nificant effects replicated that in Experiment 1. The main

Table 5
Mean Proportions of Critical Low-Frequency Items
Identified in Experiment 2 as a Function of
Encoding Condition and Test Instructions

Old Irems
Instructions Auditory-Deep Visual-Shallow New Items
Standard indirect 33 (02 50 ((19%) 31
Intentional retrieval A3 (11%) 42 (10%) 32

Note—Means in parentheses are priming scores.  *Significant priming.

effect of item type was highly significant [F(2,60) = 14.9,
p < .001], whereas the main effect of instructions was
nonsignificant (F < 1), Most critically, the interaction of
instructions and item type was significant [F(2,60) = 5.9,
p < .01]. Planned comparisons between old- and new-item
means for the standard indirect test group showed signifi-
cant priming in the visual-shallow condition [£#(1,30) =
34.6, p < .001] but not in the auditory-deep condition
(F < 1). By contrast, the inténtional retrieval group showed
significant priming in both the visual-shallow [F(1,30) =
9.7, p < .01] and auditory-deep [F(1,30) = 8.4,p <
.01] encoding conditions. The difference in baseline (new-
itemn) performance between the groups was nonsignificant
F< 1) '

An additional 2 (instructions) % 2 (encoding condition)
ANOVA of priming proportions revealed a significant
main effect of encoding condition {£(1,30) = 7.39,p <
.01], but this main effect was qualified by a significant
interaction of ingtructions and encoding condition [#(1,30)
= 10.07, p < .01]. The main effect of instructions did
not approach significance (F < 1). Planned comparisons
revealed significantly greater priming in the visual-shaillow
condition than in the auditory-deep condition for the stan-
dard indirect group [F(1,30} = 17.35, p < .001]. The
difference between auditory-deep and visual-shallow en-
coding was not significant for the intentional retrieval
group (F < I).

Pooled analysis of intrusion errors. In view of the dif-
ferent patterns of repetition priming exhibited by the in-
tentional retrieval and standard indirect test groups, we
examined the frequency with which the subjects produced
studied words as incorrect responses to new low-frequency
test items {intrusion errors). This analysis was designed
to determine whether or not the instructional groups dif-
fered in bias to respond with previously encountered
items. Many subjects made no intrusions of items encoun-
tered prior to the test, so we classified the subjects ac-
cording to whether or not they made at least one intrusion,
and we pooled the error data from Experiments 1 and 2
in order to gain stable estimates, Among the 48 subjects
in the standard indirect test condition, 9 made at least one
auditory-deep intrusion, and 39 made no intrusions of
auditory-deep items. The corresponding frequencies for
the 48 subjects in the intentional retrieval condition were
18 and 30. The difference between these frequency dis-
tribations was significant [x2(1) = 4.17, p < .05]. The
proportion of subjects making at least one visual-shallow
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intrusion was greater in the intentional retrieval condi-
tion than in the standard indirect test condition. However,
this trend was nonsignificant.

Data for noncritical items in Experiments 1 and 2.
For the noncritical medium- and high-frequency filler
items, old/new status was of necessity completely con-
founded with instructions and with the percentage of test
items that were old. That is, when these items were old,
75% of test items were old, and intentional retrieval in-
structions were given; when they were new, 25% of test
items were old, and indirect test instructions were given.
These data are therefore of limited interest, and we do
not report them in full for reasons of brevity. The pat-
tern obtained in perceptual identification was comparable
to that reported by Jacoby (1983a) in a similar design and
was consistent across experiments: High-frequency words
were better identified than were medium-frequency words
regardless of old/new status, but the advantage of old over
new items was larger for medium- than for high-frequency
words. As expected, overall identification performance
was better for the high- and medium-frequency fillers than
for the low-frequency critical items (confirming the ra-
tionale for using such items as fillers), but low-frequency
critical items showed a larger benefit of prior presentation
than did the filler items. In recognition memory (Experi-
ment 1}, there was little influence of word frequency on
hit rate for filler itemns, and the expected word-frequency
effect was restricted to false alarms, with high-frequency
words producing a somewhat higher false-alarm rate than
did medium-frequency words. Low-frequency critical
items produced a lower false alarm rate than did the high-
and medium-frequency filler items, but did not show an
advantage over filler items in terms of hit rate.®

Discussion

The results of Experiment 2 replicated the perceptual
identification results of Experiment 1, despite lower over-
all performance levels than in Experiment 1. When stan-
dard indirect test instructions were given, the subjects
showed priming only in the visual-shallow condition and
not in the auditory-deep condition. When intentional
retrieval instructions were given, the subjects showed
priming in both auditory-deep and visual-shallow encod-
ing conditions. In the analysis of priming scores, the inter-
action between encoding condition and test instructions
(marginal in Experiment 1) was significant, probably be-
cause of the increased power obtained by calibrating base-
line performance for each individual subject. Indirect test
instructions resulted in significantly greater priming fol-
lowing visual-shallow encoding than following auditory-
deep encoding, whereas intentional retrieval instructions
resulted in o significant difference in priming between
the encoding conditions. An analysis of intrusion errors
pooling the error data from Experiments ] and 2 showed
that the intentional retrieval subjects were significantly
more likely than were the indirect test subjects to pro-
duce auditory-deep items as incOrTect responses 1o new
low-frequency test items. The pattern of intrusion errors

to new items mirrors the pattern found in correct responses
to old items.

This intrusion result might suggest that the priming ef-
fect shown by intentional retrievat subjects in the auditory-
deep condition can be attributed to guessing. We consider
this guessing hypothesis implausible because (1) the dif-
ference in auditory-deep intrusions between the intentional
retrieval and indirect test groups does not seem large
enough to account for the difference in priming effects
between the groups, and (2) much of the knowledge con-
cerning repetition priming effects in perceptual tasks ac-
cumulated in the last 40 years argues against crude guess-
ing interpretations of priming effects (see, e.g., Jacoby
& Dallas, 1981). In our view, the intrusion data suggest
that intentional retrieval subjects made mental reference
to past events in performing the percepinal identification
task, using their knowledge of previously encountered
items to narrow the range of possible responses to test
items. This knowledge would have been more readily
available for auditory-deep items than for other items.

EXPERIMENT 3

The validity of the arguments we have made about the
role of intentional retrieval depends on the assumption that
the differences in the data pattern between our perceptual
identification groups reflect differences in the use of inten-
tional retrieval and not a direct influence of the percentage
of old test items. The argument that the percentage-of-
old-test-items manipulation caused the pattern of effects
that we observed in perceptual identification in Experi-
ments 1 and 2 seems unlikely for four reasons:

1. In a design similar 10 ours, Allen and Jacoby (1990)
showed that a manipulation of percentage of old test items
did not interact with a manipulation of data-driven versus
conceptually driven processing at encoding (reading vs.
solving an anagram) when that manipulation was not ac-
companied by an instructional manipulation. By implica-
tion, the interaction obtained in the present studies was
probably attributable to the instructional manipulation.’

2. The percentage-of-old-test-items variable affected
oniy criterion for a *‘yes’’ response in recognition mem-
ory. It did not affect old/new discrimination overall, nor
did it interact with the encoding variable to affect old/new
discrimination. This result allows us to rule out the hy-
pothesis that memory traces corresponding to old items
were differentially available to intentional retrieval pro-
cesses when many test iterns were old, as opposed to when
few were old.

3. When the variance associated with subject strategy
(as indicated by the questionnaire) was extracted from the
perceptual identification data in Experiment 1, percent-
age of old test items did not influence priming. On the
other hand, differences in subject strategy were associated
with different patterns of priming: The subjects report-
ing an intentional retrieval strategy showed priming fol-
lowing both visual-shallow and auditory-deep encoding,
whereas the subjects who did not report an intentional
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retrieval strategy showed priming only following visual-
shallow encoding. As our instructional manipulation sig-
nificantly affected strategy as indexed by the question-
naire, it seems reasonable to argue that the instructional
manipulation affected performance via the mediating vari-
able of subject strategy.

4. The perceptual identification subjects given inten-
tional retrieval instructions were significantly more likely
than were indirect test subjects to produce auditory-deep
items as error responses. This result suggests that the dif-
ference between the two groups in the auditory-deep con-
dition reflects an influence of retrieval strategy: Intentional
retrieval subjects were more likely than were indirect test
subjects to make mental reference to past events.

To confirm the validity of these arguments, in Experi-
ment 3 we held the percentage of old test items constant,
and manipulated subject strategy. This experiment was
conducted with an English subject population, in contrast
to the Californian population used in Experiments 1 and
2. A tachistoscope (as opposed to the computer used in the
prior experiments) was used to present stimuli, allowing
precise control of exposure duration and viewing distance.
There were a number of other procedural variations—most
notably, encoding activity was manipulated in a between-
list manner, in contrast to the within-list procedure used
previously. In view of the procedural differences, we rein-
troduced the recognition test used in Experiment 1 in
order to check the effectiveness of our encoding manipu-
lation. We also reintroduced the questionnaire measure
used in Experiment 1 in order to assess the frequency of
test awareness and of intentional retrieval strategies in our
English subjects. Experiment 3 was therefore expected
to provide important information concerning the gener-
alizability of the results across subject populations and ex-
perimental procedures.

Method

Subjects. The subjects were 40 male and female student volun-
teers from City University, London. They were native speakers of
English and were paid for their participation.

Design and Materials. The subjects encoded two lists of 25 itemns
each in the first part of the experiment—one in the auditory-deep
condition and one in the visual-shallow condition. Each list con-
sisted of 15 critical low-frequency items and [0 medium-frequency
fillers. The test list consisted of 100 items. The first 40 of these
were medium-frequency fillers which had not been presented at en-
coding; the remaining 6§ items were critical low-frequency words,
of which 30 were the critical items presented at ercoding and 30
were pot previously presented (new items). Test type was manipu-
lated between subjects, two groups receiving a perceptual identifi-
cation test for all 100 test items, and one group receiving a percep-
tual identification test for the first 40 test items and a recognition
memory test for the remnaining 60 items. The perceptual identifica-
tion groups differed in terms of tnstructions: One group received
standard indirect test instructions, and the other received intentional
retrieval instructions. Assignment to testing conditions was random,
with § subjects assigned to the recognition memory group, and 16
subjects assigned to each of the perceptual identification groups.

The critical low-frequency items were 55 of the 60 low-frequency
words (Pools L1 and L2) used in Experiments 1 and 2, plus 5 addi-
tional low-frequency items selected from Kudera and Francis (1967)
according to the criteria previously described. We replaced 5 of

the words used in the previous experiments (1 in Pool L1 and 4
in Pool L2) because of differences in linguistic usage between En-
gland and the United States (e.g., the word zrash is not commonly
used in England), and because one word (liar) was discovered to
be homophenic (it could be interpreted as Iyre). The speiling of
one item in Pool L1 was changed from the American to the English
form (i.e., from armeor 1o armour). The 40 medinm-frequency items
used for the practice perceptual identification test in Experiment 2
were used as test items in the current experiment. In addition, we
selected 20 items from the medium-frequency experimental items
used in Experiments 1 and 2 to serve as study-list fillers. These
were randomly assigned into two sets, F1 and F2.

The 30 items in each low-frequency pool (L1 and L2) were ran-
domly assigned info two sets of 15 items, resulting in four pools
of critical low-frequency items [L1(A), L1(B), L2(A), and L2(B)].
These four pools were used to create four 25-item study lists. The
first 5 and the last 5 items in each list were medium-frequency fillers
that were used as buffers to attenuate effects of primacy and recency
on critical items. Lists L1(A) and L2(A) used Pool F1 as fillers,
whereas lists LI(B) and L2(B) used Pool F2 as fillers.

Order of encoding conditions was balanced across subjects, with
half the subjects performing auditory-deep encoding for the first
tist and visual-shallow encoding for the second list, and half the
subjects performning visual-shallow encoding for the first list and
auditory-deep encoding for the second tist. The subjects either en-
coded lists LE(A) and LI(B), or lists L2(A)} and L2(B), and the order
of lists was also varied {A list first vs. B list first). These three
binary counterbalancing variables were combined factorially, yield-
ing eight unique encoding formats. Within the recognition test group,
1 subject received each of these formats; within each of the two
perceptaal identification test groups, 2 subjects received each of
these formats. The 100-item test list consisted of the 40 medium-
frequency items from the practice perceptual identification test in
Experiment 2, followed by the 60 critical low-frequency items from
lists LI(A), L1(B), L2(A), and L2(B). A single order of test items
was used for all subjects. The order of the critical low-frequency
test items was block randomized, with each 4-word block in the
last 60 test items containing one item from each of the four study
lists. Because of the counterbalancing procedures at encoding, across
subjects, each low-frequency test item served as a new item, as an
auditory-deep item, and as a visual-shallow item.

Procedure and Apparatus. The subjects were told that they
would perform various tasks relating to their knowiedge of English
words and that the first two tasks involved making a numerical judg-
ment. Appropriate encoding instructions were given prior to the
presentation of each of the two smdy lists. The instructions con-
cerning encoding activity for the auditory-deep and visual-shallow
conditions were the same as those in Experiments 1 and 2. [n the
visual-shallow condition, words were presented on small white cards
printed in black uppercase letters. In the auditory-deep condition,
the experimenter read the words aloud to the subject. The subjects
wrote their numerical ratings on a sheet of paper containing 25 aum-
bered spaces, with a fresh sheet used for each list. The experimenter
presented each word, then waited for the subject’s written response
before presenting the next word in the list. For the auditory-deep
condition, the response sheet was headed with a rerninder of what
the numerical response categories meant (i.e., 1 = minutes ago,
2 = hours ago, etc.).

Following the encoding phase, all subjects performed a percep-
tual identification test. Words were presented via an Electronic De-
velopments three-field tachistoscope with an automatic card changer.
On each trial, a fixation point (a cross) was presented for 1 sec.
The to-be-identified word was then presented briefly. It was im-
mediately replaced by a mask consisting of a string of “‘at’” sym-
bols that appeared for 1 sec. All stimuli were centered and were
printed in black ink on white cards, with the words printed in
5-mm-high uppercase letters. At a viewing distance of 508 mm,
the character height subtended approximately 0.5° of visual angle
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in the vertical plane. The number of degrees of visual angle sub-
tended by words in the horizontal plane varied from approximately
27 for four-letter words to approximately 3° for six-letter words.

Following the presentation of each test item, the subjects re-
sponded in written form on a sheet containing numbered spaces.
They were told that the task was a difficult one because they would
often not be sure of the identity of the word presented. If they had
some idea of the word presented, they should write that word down.
but if they had no idea, they should put a dash in the space cor-
responding to that word. The next word would not be presented
until they had responded. The first 1 words were described to the
subjects as practice items, with an exposure duration of 70 msec
for Items 1-5 and 60 msec for Jiems 6-10. Following presentation
of the 10th word, the experimenter asked the subjects whether they
undersiood the task and answered any questions. The subjects were
told that the task would become increasingly difficult over the next
30 items. The next 20 test words were then presented at an expo-
sure duration of 50 msec for Items 11-20 and 40 msec for Items
21-30. The experimenter then paused to insert a new deck of cards
inte the card changer. At this point, different instructions were given
depending on between-subject group.

The recognition memory subjects were told that the next 10 trials
would be idemification trials such as those just performed. How-
ever, after those trials, the words would be presented for a longer
duration so that reading the items would be easy. The task wouid
then be 10 judge whether each item had been encountered in the
lists encoded in the first part of the experiment. They were to write
Y (for “*yes"’) if they believed they had previously encountered the
item and N (for *‘na’"} if they believed they had not. The percep-
tual identification subjects in the intentional retrieval condition were
told that the next 10 words would be items that they had not en-
countered before in the experiment but that after those items there
would be a mixture of new items and items from the lists encoded
in Part 1 of the experiment. They were instructed 1o try to use their
raemory for the items encountered in Part 1 to help them identify
the test items. The subjects in the standard indirect test condition
were told that they waould continue to perform the same task for
the remaining test iterns. No mention was made of the presence
of old words among the upcoming items.

Hems 31-40 were then presented at a duration of 30 msec. The
experimenter monitored the performance of the perceptual iden-
tification subjects on these items by comparing their written re-
sponses to the words on the cards ejected from the card changer.
If they correctly identified eight or more of these new medium-
frequency words, the exposure duration for Items 41-100 (the crit-
ical items) was set at 25 msec; if they identified three or fewer,
it was set at 40 msec. Otherwise the exposure duration remained
at 30 msec. For the recognition test subjects, the exposure dura-
tion for Items 41-100 was set at 1 sec. The intertrial interval for
all subjects was approximately 5 sec throughout the test because
of the time taken by the card changer. There was a further brief
pause after Item: 70 had been presented in order for the experimenter
1o install the remaining cards. Following Item 100, the recogni-
tion test subjects were debriefed and paid, whereas the perceptual
identification subjects were asked to complete a questionnaire con-
cerning test awareness and strategy similar to the one used in Ex-
periment 1. After they had filled out the questionnaire, they were
also debriefed and paid.

Results

Recognition memory data. The mean propottions of
hits {based on 15 items per subject per condition) were
.97 for the auditory-deep condition-and .52 for the
visual-shallow condition. The mean proportion of false
alarms (based on 30 observations per subject) was .17.
As in Experiment 1, the hit and false alarm scores were

used to calculate 4 scores on the basis of the distribution
of the standard normal variable. The subjects showing a
hit proportion of 1.0 for auditory-deep items were as-
signed a score of (99 in order to aliow d' 10 be defined
for that condition. There were no zero scores for new
items (in contrast to Experiment 1). A one-way ANOVA
of the d’ scores showed that old/new discrimination was
significantly better in the auditory-deep condition (M =
3.09) than in the visual-shallow condition [M = 1.07,
F{(1.,7y = 53.67, p < .001]. The mean criterion score
was 1.02.

Perceptual identification data. The mean exposure du-
ration for critical low-frequency items was 30.9 msec for
the standard indirect test group and 30.0 msec for the in-
tentional retrieval group. These means did not differ sig-
nificantly in a one-way ANOVA (F < 1). The subjects
were scored correct only when they wrote down the exact
letter string presented; use of a more lenjent criterion
would not change the data pattern to be reported. The
mean proportions of old and new items identified are pre-
sented in Table 6. Means for old items are based on 15
items per subject per condition, whereas means for new
items are based on 30 items per subject.

The data were initially submitted 10 2 2 X2 X3 ANOVA
with instructions (standard indirect vs. intentional re-
trieval} and order of encoding activity (enclosure count-
ing first vs. recency judgment first) as between-subject
factors, and item type (auditory-deep vs. visual-shallow
vs. new items) as a within-subject factor. This analysis
revealed no significant main effect of order of encoding
activity and no significant interactions involving order
of encoding activity (all Fs < 1). The data presented in
Table 6 are therefore averaged over order of encoding
activity, and the inferential analyses to be presented next
disregard this variable,

A 2 (standard indirect vs. intentional retrieval) x 3
(auditory-deep vs. visual-shallow vs, new items) ANOVA
revealed a significant main effect of item type [F(2,60) =
14.90, p < .001], but this main effect was qualified by
a significant instructions X item type interaction [F(2,60)
= 3.42, p < .05]. Planned comparisons on the means
for the standard indirect test group revealed significant
facilisation in performance for visual-shallow items com-
pared with new items [F(1,30) = 13.32, p < .001]. En-
coding items in the auditory-deep condition, however,
did not result in significant performance facilitation in
comparison with new items [F(1,30) = 2.06,p > .15].

Table &
Mean Proportions of Critical Low-Frequency Items
Identified in Experiment 3 as a Function of
Encoding Condition and Test Instructions

Old Items
Instructions Auditory-Deep Visual-Shallow New ltems
Standard indirect .40 (.07 50 (17 33
Intentional retrieval 57 (.20%) 52 (L15%) 37

Note—Means in parentheses are priming scores.  *Significant priming.
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The data pattern across item type for the intentional
retrieval group differed from that for the standard indirect
group, with significant differences between auditory-deep
and new-item means [F{1,30) = 15.99, p < .001], and
between visual-shallow and new-itemn means [F(1,30) =
9.25, p < .01]. The small difference in baseline (new-
itern) identification scores between the standard indirect and
intentional retrieval groups was nonsignificant (F < 1).

An additional 2Xx2 ANOVA of priming proportions
showed a significant interaction of instructions and en-
coding activity [F(1,30) = 9.69, p < .01] but no signif-
icant main effects of instructions (F < 1) or of encoding
activity [F(1,30) = 1.20, p > .25]. Planned comparisons
revealed that visual-shallow encoding produced signifi-
cantly greater priming than did auditory-deep encoding
for the indirect test group [F(1,30) = 8.86, p < .01].
The small advantage of auditory-deep over visuat-shallow
encoding for the intentional retrieval group was nonsig-
nificant [F(1,30) = 2.03, p > .10

Questionnaire data. In the questionnaire administered
after the perceptual identification test, all 16 subjects in
the standard indirect test group responded affirmatively
to the question asking if they were aware of the presence
of old items on the test list. Two of these subjects (12.5%)
suspected prior to the perceptual identification test that
it would contain old items, and 14 (87.5%) realized at
some point during the test that old items were present.
Six subjects (37.5%) responded affirmatively to the ques-
tion asking if they had actively used their memory for old
items to help them identify test items; the remaining 10
(62.5%) responded negatively. Both the subjects who sus-
pected the presence of old items fell into the latter group.
The subjects in the intentional retrieval group were all
test-aware by virtue of the instructions. Of these 16 sub-
jects, 15 (93.7%) reported that they had used their mem-
ory for old items in performing the test, and 1 (6.3%)
reported that he/she had not {contrary to instructions). The
relationship between instructions and reported test strategy
{used memory vs. did not use memory) was significant
Ix¥) = 11.22, p < .01].

Nonparametric analysis of ordinal arrangement of
population means. The results of the parametric analyses
presented thus far strongly suggest that our encoding vari-
able produced opposite effects on recognition memory and
on priming in an indirect test of perceptual identification.
The situation with respect to perceptual identification with

intentional retrieval instructions is more difficult to evalu-
ate. The analyses of priming effects in the present exper-
iment and in Experiment 2 showed that the influence of
our encoding variable on priming varied significantly de-
pending on instructions in perceptual identification; fur-
thermore, in all three experiments, the intentional retrieval
subjects showed priming in both auditory-deep and
visual-shallow encoding conditions, whereas the standard
indirect test subjects showed significant priming only in
the visual-shallow condition. Despite these differences
in the data pattern betwesn perceptual identification
groups, the ordinal arrangement of population means for
the two encoding conditions could conceivably be the same
for both groups. That is, one could claim that the disad-
vantage of auditory-deep encoding relative to visual-
shallow encoding was simply smaller (in the population}
in the intentional retrieval condition than in the standard
indirect condition, leading to the observed encoding/
retrieval interaction. The small observed advantage of
auditory-deep over visnal-shallow encoding for the in-
tentional retrieval condition could then be attributed to
sampling error, because that advantage—although con-
sistent across experiments—was not significant in any one
experiment. The claim that giving intentional retrieval in-
structions in perceptual identification removed a crossed
double dissociation between recognition memory and per-
ceptual identification might, therefore, be false in terms
of the underlying population means.

We evaluated this skeptical claim statistically by classi-
fying each subject as to whether she/he showed an ad-
vantage of auditory-deep over visual-shallow encoding,
an advantage of visual-shallow over auditory-deep en-
coding, or no difference between encoding conditions. We
pooled the data across experiments for this analysis, in
view of the similarity of the designs and of the data pat-
terns. The resulting frequencies are shown in Table 7.
Frequencies for the recognition memory subjects are based
on d’ scores from Experiments 1 and 3 (a total of 72 sub-
jects), and disregarded the percentage-of-old-test-iterns
manipulation in Experiment 1, because that manipulation
did not affect &'. Frequencies for the perceptual identifi-
cation subjects are based on priming proportions from atl
three experiments {a total of 64 subiects per instructional
group). We conducted three sign tests, one on the data
from each test condition. In view of the large number of
cases in each test, we used the normal approximation to

Table 7
Frequency of Ordinal Arrangements of Scores for the Two Encoding Conditions
in Experiments 1-3 as a Function of Test Type and Instructions

Ordinal Arrangement of Scores

Test Type Auditory-Deep>  Visual-Shallow>  Auditory-Deep=

{Instructions) Visual-Shallow Auditory-Peep Visual-Shallow
Recognition memory 72 0 00
Perceptual identification

(Standard indirect) 11 39 14
Perceptual identiftcation

{Intentional retrieval) 34 ¥ 13
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the binomial distribution with the standard contimuty
correction.

In recognition memory, there was & highly significant
advantage of auditory-deep over visual-shallow encoding,
with all subjects showing the same ordinal arrangement
of scores (z = 8.37, p « .001, two-tailed). In perceptual
identification, the subjects showing equal performance in
the two encoding conditions were dropped from the anal-
ysis, as prescribed by Siegel (1956} and Hays (1973). The
percentage of subjects showing no difference between con-
ditions was similar in the standard indirect (21.9%) and
intentional retrieval (20.3 %) test groups, so that any dif-
ference in the results of the sign tests between test groups
could not be an artifact of dropping these subjects. Con-
sistent with the results of the parametric analyses in Ex-
periments 2 and 3, indirect test instructions in perceptual
identification resulted in a highty significant advantage
of visual-shallow over auditory-deep encoding (z = 3.81,
p < .001, two-tailed). Most critically, however, across
experiments intentional retrieval instructions in percep-
tual identification resulted in a significant advantage of
auditory-deep over visual-shallow encoding (z = 2.24,
p = .025, two-tailed). This latter result permits us to rule
out the hypothesis that the ordinal arrangement of the
population means for the two encoding conditions was the
same regardless of whether indirect or intentional retrieval
instructions were given in perceptual identification.

Discussion

Experiment 3 produced a data pattern closely compara-
ble to that in Experiments I and 2. The auditory recency
judgment task at encoding led to excellent recognition
memory performance, whereas the visual enclosure count-
ing task led to rather poor recognition memory perfor-
mance. Despite the high quality of the mnemonic infor-
mation resulting from the recency judgment task, encoding
items in the anditory-deep condition did not result in sig-
nificant priming when a standard indirect test of perceptual
identification was given. Under these test conditions, only
visual-shallow encoding resulted in significant facilitation
of later perceptual identification. When the subjects were
given instructions to use their memory for previously en-
countered iterms to help them identify test items, a different
pattern was observed. Significant priming resuited from
encoding items in both the auditory-deep and visual-
shallow conditions. In the analysis of priming proportions,
this difference in the pattern of priming between instruc-
tional groups emerged as a significant interaction between
instructions and encoding condition (as in Experiment 2).

As in Experiment 1, awareness that the perceptual iden-
tification test contained old iterns was common among in-
direct test subjects. However, according to the posftest
questionnaire, test awareness was not necessarily accom-
panied by spontaneous adoption of an intentional retrieval
strategy. The percentage of indirect test subjects reporting
an Intentional retrieval strategy in the current experiment
(37.5%) was similar to that in Experiment 1 (40.6%}).

The perceptual identification portions of Experiment 3
meet the strictest form of the retrieval intentionality cri-

AND BIORK

terion proposed by Schacter et al. (1989). The physical
test cues presented to the two groups were identical (i.e.,
rapidly flashed items), as was the percentage of old test
items. The current experiment replicated the pattern of
effects observed in Experiments 1 and 2 despite the fact
that the percentage of old test items was held constant
across the two mstructionat conditions in perceptual iden-
tification. This result permits us to rule out conclusively
the hypothesis that the percentage-of-old-test-items ma-
nipulation in Experiments 1 and 2 (which was deliberately
confounded with instructions) caused the differences in
the pattern of priming between the groups. The con-
ststency of the data pattern across experiments is partic-
ularly impressive in view of the considerable procedural
differences between the current experiment and Experi-
ments 1 and 2, and the difference in subject populations.
Sign tests, pooling data across experiments, confirmed
that the ordinal arrangement of population means for the
two encoding conditions differed between recognition
memory and a standard indirect test of perceptual iden-
tification: Although auditory-deep encoding was superior
to visual-shallow encoding in recognition memory,
visual-shallow encoding produced better perceptual iden-
tification performance than did auditory-deep encoding.
This reversal in the ordinal arrangement of population
means across tests (as a function of the same encoding
variable) represents a crossed double dissociation between
tests. A sign test on the pooled data for the subjects given
intentional retrieval instructions in perceptual identifica-
tion revealed that auditory-deep encoding produced bet-
ter performance than did visual-shallow encoding. This
difference between encoding conditions, although quite
consistent across subjects, was not large enough to be sig-
nificant at the level of the individual experiment.

GENERAL DISCUSSION

Retrieval Intention and Crossed
Double Dissociations

Crossed double dissociations between direct and indirect
measures of memory (see, e.g., Jacoby, 1983b; Winnick
& Daniel, 1970) have been taken as strong evidence that
priming in indirect tests does not rely on intentional
retrieval (see, e.g., Allen & Jacoby, 1990; Jacoby,
1983b). This conclusion is based on two assumptions:
(1) that direct test performance relies on intentional
retrieval (and that manipulations that influence direct test
performance do so by influencing the success of inten-
tional retrieval atiemapts), and (2) that a negative relation-
ship between tests as a function of a variable implies that
one of the tests relies on intentional retrieval, whereas
the other does not. Although the former assumption seems
reasonable, the latter conclusion is not required by the
data, because the direct and indirect tests usually involve
different physical retrieval cues. Intentional retrieval could
be common to both direct and indirect tests, with the nega-
tive relationship between tests being attributable to an
interaction between the processing demands of the test and
the type of information encoded. Negative associations
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of this type have frequently been demonstrated between
direct tests, For exampie, (1) word frequency can influ-
ence recall and recognition in opposite ways (for a sum-
mary, see Gillund & Shiffrin, 1984), (2) meaning- and
appearance-based recognition tests are negatively related
as a function of depth of processing at encoding (Stein,
1978}, (3) free recall and recall with cues that visnally
resemble studied items are negatively related as a func-
tion of a generate/read manipulation at encoding (Blaxton,
1989), and (4) free recall and cued recall with word-stem
and word-fragment cues are negatively related as a func-
tion of a picture/word manipulation at encoding (Weldon,
Roediger, & Challis, 1989). However, few would argue
that performance in one of the pair of tests compared does
not rely on intentional retrieval. Negative associations
have also been found between pairs of indirect tests (for
a summary, see Roediger, Srinivas, & Weldon, 1989),
yet these dissociations are not used to argue that perfor-
mance in one of the indirect tests relies on intentional
retrieval. In sum, crossed double dissociations between
direct and indirect tests that present different physical cues
do not, taken in isolation, show conclusively that indirect
test performance does not depend on intentional retrieval.
Researchers may have accepted that such dissociations
reflect differences in retrieval intention because they have
implicitly made a transparency assumption conceming the
relationship between processes and tasks (Dunn & Kirs-
ner, 1989). In the case of indirect tests, the transparency
assumption is that intentional retrieval is not involved in
facilitation effects because the instructions do not refer
to a prior event. This assumption is incorporated in the
commeoen practice of referring to indirect tests as implicit
memory tests (Graf & Schacter, 1985), because the term
implicit memory is also used to refer to a hypothetical in-
voluntary memory process underlying task performance.
When processes are equated with tasks in this manner,
however, dissociations between direct and indirect tests
are redundant as evidence for involuntary influgnces of
memory: The hypothesis that the tests reveal different
forms of memory has been accepted a priori. In addition,
the transparency assumption with respect to indirect tests
has been increasingly called into question in recent years
because of evidence that indirect measures sometimes
show influences of intentional retrieval (see, e.g., Challis
& Brodbeck, 1992; Jacoby, 1991; Jacoby et al., 1993;
Merickle & Reingeld, 1991; Richardson-Klavehn &
Bjork, 1988; Schacter et al., 1989).
Richardson-Klavehn and Bjork (1988) adopted John-
son and Hasher’s (1987) use of the term indirect test in
order to avoid the type of transparency assumption in-
volved in the term implicit test. Their intention was that
tests should be classified solely with respect to observa-
bles (i.e., instructions and measurement criteria), with no
a priori assurnptions concerning the processes and states
of awareness involved in a particular test. Under this task
classification, it is not a contradiction to suggest that per-
formance in an indirect test reflects intentional retrieval
of past events, because subjects may spontaneously adopt

intentional retrieval strategies. In consequence, whether
or not indirect test performance reflects intentional re-
trieval must be deterrained from the data.

In the current experiments, we examined whether a
crossed double dissociation between a direct and an indirect
test could be attributed o a difference in retrieval inten-
tionality between the tests, even though the tests involved
different physical retrieval cues. We found that a crossed
double dissociation between recognition memory and per-
ceptual identification as a function of an encoding variable
disappeared when the perceptual identification subjects
were given intentional retrieval instructions. At a qualita-
tive level of analysis, this result strongly suggests that the
observed crossed double dissociation reflected a difference
in retrieval intentionality, because it could not have oc-
curred if a majority of the indirect test subjects had spon-
taneously employed an intentional retrieval strategy.

At a formal level of analysis, the pattern of data across
the three experiments reported here demonstrates a re-
versed association (Dunn & Kirsner, 1988, 1989) between
recognition memory and perceptual identification perfor-
mance. When intentional retrieval instructions were given
in perceptual identification, perceptual identification prim-
ing could be expressed as 2 monotonically increasing func-
tion of discrimination performance in recognition mem-
ory. Such a relationship could be accommodated by a
model assumning that performance in both tasks was mono-
tonically related to the efficiency of a single underlying
process—in this case, intentional retrieval—together with
the assumption that perceptual identification is a less sen-
sitive measure than is recognition memory. On the other
hand, when indirect test instructions were given in per-
ceptual identification, a negative association between the
tests was observed. This negative relationship could not
be predicted by the intentional retrieval model: If recog-
nition memory and perceptual identification priming were
both moenotonic functions of an underlying intentional
retrieval process, the rates of change of these functions
with respect to the underlying process could never change
sign, s0 a negative association could not be observed. The
logic of reversed association requires that both monoton-
ically positive and monotonically negative relationships
be observed between the same pair of tests. The data
presented here show both types of relationships and there-

fore permit formal rejection of the hypothesis that recog-
nition memory and perceptual identification priming de-
pend on a single underlying intentional retrieval process.®

The reversed-association logic permits an inference to
be made about differences in retrieval intentionality be-
tween direct and indirect tests, even when those tests pre-
sent different physical cues to the subject (as in the present
study). This inference follows because the difference be-
tween the cues in recognition memory and the cues in per-
ceptual identification was held constant, whereas the as-
sociation between the tests (monotonically positive vs.
monotonicatly negative) varied as a function of the instruc-
tional manipulation. The presence or absence of a dou-
ble dissociation between the tests cannot, therefore, be
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- attributed to a difference in test cues. In this sense, the
reversed-association method of making inferences about
retrieval intentionality is more powerful than the method
prescribed by the rerrieval intentionality criterion (Schac-
ter et al., 1989), which requires that test cues be held con-
stant. The current method permits one to verify that dis-
sociations between direct and indirect tests that present
different physical cues are not artifactuai results of a con-
founding of physical test cues with direct/indirect status.

The reasoning presented here has considerable similar-
ities in the domain of maniputated variables 1o the reason-
ing behind the merhod of triangulation (Hayman & Tulv-
ing, 1989a, 1989b), which is used to make inferences
about stochastic relationships between tests. In the method
of triangulation, performance in a direct and an indirect
memory test is compared to performance in a previously
administered reference test. If the stochastic relationship
to the reference test varies as a function of direct/indirect
status, this difference cannot be accounted for by intertest
biases, because those biases will be constant for the direct
and indirect tests. In the current experiments, recognition
memory can be seen as the *‘reference’” test. Perceptual
identification was compared to this reference under two
different instructional conditions. The difference in the
test cues between recognition memory and perceptual
identification can be seen as creating a bias toward func-
tional independence between the tests. However, this bias
would have been constant for the two instructional con-
ditions in perceptual identification and could not account
for the way in which the relationship of percepmal iden-
tification to recognition memory varied as a function of
instructions.

Awareness and Retrieval Intentionality
in Indirect Tests

The present questionnaire data suggest that a complete
absence of awareness of the presence of old items in an
indirect test is rare among normal subjects. Among the
32 indirect test subjects in Experiment 1, only 2 were un-
aware of the relationship between the encoding and test
phases of the experiment, even though only 25% of the
test items were old. In Experiment 3, in which 50% of
the critical test items were old, none of our 16 subjects
were test-unaware, even though the 60 critical items were
preceded by 40 items that had not been previously en-
countered. These results differ from those of Bowers and
Schacter (1990), who found higher proportions of test-
unaware subjects. In their Experiment I, for example, 20
of 40 indirect test subjects were test-unaware. However,
these researchers went to great lengths to disguise the rela-
tionship between the encoding and test phases of their ex-
periment by administering the stem-completion test as one
of a number of other tasks. The procedures used in the
current experiment are more typical of studies in the liter-
ature using indirect tests.

Although awareness that the test contained old items
was ubiquitous among the indirect test subjects in the

AND BIORK

present experiments, it was not necessarily accompanied
by the use of intentional retrieval. When the perceptual
identification test instructions made no reference to prior
events, a crossed double dissociation between perceptual
identification priming and recognition memory was ob-
served, despite the fact that the vast majority of subjects
wetre test-aware. Given the absence of such a dissociation
for the imentional retrieval condition, the dissociation
from recognition memory in the indirect test condition
clearly could not have occurred unless the majority of sub-
jects in that condition failed to adopt an intentional
retrieval strategy. The subjects’ questionnaire responses
in Experiments 1 and 3 are consistent with this reason-
ing: less than half of the indirect test subjects reported
adopting an intentional retrieval strategy to belp them
identify test items.

These considerations suggest that dissociations between
direct and indirect measures can be ascribed to differences
in retrieval intention across tests but not necessarily to
differences in subjective awareness of past events. Such
a conclusion stands in contrast to the one that might ini-
tially be drawn from Bowers and Schacter’s (1990) study
(data from test-uninformed subjects). They found that test-
aware subjects showed a significant depth-of-processing
effect in stem completion priming similar to that found
in direct tests, whereas test-unaware subjects did not show
an effect. An uncritical examination of these data would
suggest that test-awareness/test-unawareness is the criti-
cal factor determining whether dissociations will be ob-
served. However, Bowers and Schacter did not ask their
test-aware subjects whether or not they had adopted an
intentional retrieval strategy. It is therefore possible that
a subset of their test-aware subjects—having either pre-
dicted or noticed the presence of old items—spontaneously
employed an intentional retrieval strategy, leading to a
depth-of-processing effect. In accordance with this hy-
pothesis, Richardson-Klavehn et al. (1994) found no sig-
nificant effect of depth of processing on priming in an
indirect stem completion test, even though all 24 subjects
in that test condition were test-aware. None of these sub-
jects indicated adopting an intentional retrieval strategy
in the posttest interview.

Also consistent with this hypothesis are the data from
Bowers and Schacter’s (1990) test-informed subjects.
These subjects were told prior to the test that stems cor-
respending to studied iterns would be present (making
them test-aware in virtue of the instructions) but were told
to complete the stems with the first item coming to mind
despite that knowledge. These subjects also showed no
depth-of-processing effect. In sum, the data from the cur-
rent study, from Bowers and Schacter (1990), and from
Richardson-Klavehn et al. (1994), yield an essentially
consistent picture: Dissociations between direct and in-
direct tests can be created by the absence of an intentional
retrieval strategy in the indirect test. The absence of an
intentional retrieval strategy in the indirect test, however,
should not be assumed to imply absence of subjective
awareness of past events.
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The distinction between retrieval intention and subjec-
tive awareness of past events has not been widely made
in discussions of the relationship between direct and in-
direct memory measures (for an exception, see Schacter
et al., 1989). A single dichotomy between forms of mem-
ory underlying test performance is generally assumed. For
example, Jacoby and Witherspoon (1982) distinguished
between memory with awareness and memory without
awareness, Graf and Schacter (1985} distinguished be-
tween explicit memory and implicit memory, and Hintzman
{1990) and Jacoby (1991; see also Jacoby et al., 1993)
distinguished between conscious memory and unconscious
memory. These dichotomies share the disadvantage that
they conflate differences in retrieval intentionality with
differences in subjective awareness of past events. They
therefore overfook the possibility that intentional retrieval,
although often accompanied by subjective awareness of
a past event, may sometimes occur in the absence of such
awareness (e.g., when subjects rely on reconstructive pro-
cesses to retrieve information about a prior event). More
important in the current context, these dichotomies also
obscure the possibility that subjective awareness of a prior
event can occur without an intention to retrieve that event.
This type of reminding process occurs commonly in
everyday life when reinstatement of certain environmentai
cues triggers the reexperiencing of past events associated
with those cues (see, e.g., Ebbinghaus, 1885/1964). To
accommodate these possibilities, Richardson-Klavehn
et al. (1994) proposed that the terms intenzional retrieval
and involunrary retrieval be used to capture differences
in retrieval intentionality and that the terms conscious
memory and unconscious memory be reserved to distin-
guish between influences of memory that occur with and
without a subjective awareness of the past.

The current questionnaire data suggest that involuntary
conscious memory occurs frequently in the performance
of indirect tests. Of the 46 test-aware subjects in the in-
direct test groups in Experiments 1 and 3, only 7 indi-
cated that they suspected prior to the test that it would
contain old items. These subjects presumably “‘second-
guessed’’ the purpose of the experiment (although sur-
prisingly only 1 of these 7 reported using intentional
retrieval). The remaining 39 indicated that they had reai-
ized that old items were present at some time during the
test. Test-awareness for these subjects must have occurred
spontaneously because no mention was made in the in-
structions of the presence of old iterns. Some of these sub-
jects indicated adopting an intentional retrieval strategy,
but it must be noted that spontaneous awareness of the
presence of previously presented items would have had
to occur prior to the adoption of such a strategy.

The role of involuntary conscious memory in indirect
test performance is unclear. It apparently leads some sub-
jects to adopt an intentional retrieval strategy. However,
even if it does not do so, it could conceivably play a causal
role in performance, operating as a type of reminding pro-
cess. This possibility was entertained by Schacter et al.

(1989) in attemnpting to explain why enhancement of prim-
ing effects due to reinstatement of a new associate oc-
curred in test-aware but not in test-unaware subjects in
Bowers and Schacter’s (1990) studies. They argued that

the phenomenon referred to as *‘implicit memory for new
associations’” noight be more properly characterized as unin-
tentional or involuntary explicit memory for new associ-
ations—that is, associative effects on stem completion may
be observed only when subjects are explicitly (though unin-
tentionally) reminded of the occurrence of a target pair on
the study list, (p. 62)

On the other hand, involuntary conscious memory may
simply be a conscious epiphenomenon, correlated with—
but not causally involved in—the tendency to produce old
items in an indirect test. Distinguishing between these pos-
sibilities is an issue for future research.

Acknowledging that involuntary conscious memory may
accompany priming effects in normal subjects, Richardson-
Klavehn et al. (1994) argued that the method of opposi-
rion developed by Jacoby et al. (1989) is better suited than
is indirect test methodology for studying influences of
memory that are not only involuntary but also uncon-
scious. Applying the method of opposition to repetition
priming measures involves instructing subjects to omit
from their responses items that are associated with an
awareness of the past. Richardson-Klavehn et al. showed
that normal subjects can display a facilitatory priming ef-
fect in a stem-completion task under these conditions, al-
though they are completely unable to recognize the old
itemns that they produced. Comparing opposition test per-
formance with the performance of indirect test subjects—
under conditions in which a contribution of intentional
retrieval to indirect test performance can be ruled out—
permits a quantitative estimate of the extent to which in-
direct test performance is associated with involuntary con-
scious memory.

Making such a comparison between opposition and in-
direct tests assumes that it is possible to determine whether
indirect test performance reflects intentional or involuntary
reirieval processes. Researchers now have a number of
techniques at their disposal in this regard. The retrieval
intentionality criterion (Schacter et al., 1989) represents
a powerful tool when retrieval cues can be held constant
across tests, whereas the method put forward in the cur-
rent report, as well as the method of triangulation (Hay-
man & Tulving, 1989a, 1989b)}, are useful when test cues
cannot be held constant. In addition, the data from Ex-
periment 1 indicate that questionnaire measures of sub-
Jject strategy, despite their obvious potential shortcomings,
may have some promise as a diagnostic tool. In that ex-
periment, responses to the questionnaire item concerning

intentional retrieval were correlated with the pattern of
priming observed. When the variance associated with self-
reported strategy was extracted from the perceptual iden-
tification data, there was no effect of the instructional
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manipulation on the pattern of priming. This result sug-
gests that strategy was a variable mediating the effect of
instructions on the pattern of priming and that strategy
can be indexed, albeit crudely, by a self-report measure.

Conclusions and Comments

On the basis of the data from the present experiments,
we make two main arguments:

1. Inferences can be made abowt differences in retrieval
intentionality between direct and indirect 1ests even when
those tests present different physical cues to the subject.
Schaeter et al. (1989) argued that direct/indirect dissoci-
ations only represent convincing evidence for differences
in retrieval intentionality between tests when retrieval cues
are held constant, and a dissociation between tests is ob-
served as a function of instructions alone (the retrieval
intentionality criterion). We argue here that the retrieval
intentionality criterion, although an extremely useful tool,
is unnecessarily restrictive in requiring that test cues be
held constant. We found that instructions to use an inten-
tional retrieval strategy in perceptual identification re-
moved a crossed double dissociation from recognition
memory that was present under standard indirect test con-
ditions. By implication, the observed dissociation must
reflect a difference in retrieval intentionality between rec-
ognition and perceptual identification, and could not be
an artifact of the confounding of instructions with the dif-
ference in test cues.

In the present report, we have emphasized the replica-
bitity of these results and the generalizability of the re-
sults across procedures, subject populations, and overall
performance levels, rather than the generalizability of the
results to different tests and different encoding variables,
It would not, therefore, be appropriate to assume that all
of the superficially similar crossed double dissociations
between direct and indirect tests in the literature reflect
differences in retrieval intentionality between tests. In fact,
the logic that we have used here suggests that some direct/
indirect dissociations reported in the literature cannot con-
clusively be attributed to a difference in retrieval inten-
tionality. For example, Weldon et al. (1989) compared
free recall (direct test) with word-fragment and word-stem
completion in a design that parallels that of the current
experiments. In the completion tasks, subjects either
received standard indirect test instructions or were in-
structed to use the word stemns and fragments as cues to
retrieve studied items. The encoding variable consisted
of presenting items either as pictures or as words. Pic-
tures produced better performance than did words in the
free-recall test, but words produced greater priming than
did pictures in the completion tasks when indirect test in-
structions were given. The current logic suggests that this
crossed double dissociation between free recall and in-
direct completion performance can be attributed to a dif-
ference in retrieval intentionality only if this dissociation

was eliminated when intentional refrieval instructions were
given in the completion tasks. However, in this study,
words produced better performance in the completion

tasks than did pictures, even when intentional retrieval
instructions were given. Weldon et al. interpreted their
data as showing that the dissociation between the free-
recall and the indirect completion tests was attributable
to the difference in the retrieval cues provided by the two
types of tests. We suggest, in addition, that the data pat-
tern reported by Weldon et al. does not permit one to re-
ject the hypothesis that priming in their indirect tests de-
pended on intentional retrieval processes. The observed
dissociation, therefore, provides useful information about
the distinction between conceptually driven and data-
driven tests but not necessarily about the distinction be-
tween intentional and involuntary memory.

2. Dissociations berween direct and indirect tests in nor-
mal subjects can be ascribed to intertest differences in
retrieval intentionality, bur not necessarily to intertest dif-
ferences in awareness of the encoding event. This argu-
ment is based on the finding that a crossed double dissoci-
ation beween a direct and an indirect test was obtained,
but that the vast majority of indirect-test subjects reported
awareness that the test contained previously encountered
items. Despite this awareness, the majority of indirect test
subjects could not have spontanecusly adopted a strategy
of using their memory for studied items—or, if they did,
they failed to apply such a strategy to a majority of test
iterns—because the adoption of such a strategy by most
of the subjects on most of the test jterns would have led
to the “‘undoing™ of the dissociation (by the argument
given in 1. above).

The current study used a self-report method to assess
test awareness, and such methods are inevitably subject
to question with respect to their reliability and validity
(for more extensive discussion, see Bowers & Schacter,
1990). In particular, it might be claimed that subjects who
were test-unaware while performing the test became aware
of the presence of previously encountered items at the time
that they answered the questionnaire item concerning the
presence of previously encountered items. This hypothesis
cannot be conclusively ruled out. However, we find it im-
plausible, given that indirect test subjects in Experiment 3
(while being debriefed) had no difficulty in indicating on
their test protocol at what point in the test they first no-
ticed that previously encountered items were present.
More pressing is the problem that subjects will classify
themselves as test-aware, even if only one test item is no-
ticed as being previously encountered (Bowers & Schac-
ter, 1990). It then remains possible that many instances
in which performance is facilitated by prior exposure are
not associated with conscious awareness of the encoding
event, although the subject qualifies as test-aware. It is,
therefore, important to distinguish global awareness that
the test bears a relationship to prior events from aware-
ness of prior encoding events on an item-by-item basis.

The first author and colleagues have attempted to ad-
dress the latter item-by-item kind of awareness by using
opposition methods (Richardson-Klavehn et al., 1994),
Clearly, the current self-report data only address the issue
of global awareness. We take these data as supporting the
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minimal conclusion that test-awareness, in the global
sense, occurs frequently in indirect test subjects but does
not always prompt intentional retrieval strategies. The ex-
act conditions under which global test-awareness in in-
direct tests does and does not prompt an intentional
retrieval strategy remain io be delineated. It is, however,
apparent that attempts to “‘disguise’” indirect tests—the
intention being that subjects do not realize that their mem-
ory is being tested—may often not be as successful as ex-
perimenters have hoped. A more realistic approach may
be to “‘come clean’’ and inform subjects that the test con-
tains previously encountered items but to request that they
nevertheless do not adopt a recollective strategy (as did
Bowers & Schacter, 1990, in their test-informed condi-
tion). Such an approach follows if one recognizes that tests
of repetition priming {(and related tests) in normal sub-
jects are useful indices of involuntary memory, but not
necessarily of unconscious memory.
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NOTES

1. Schacter (1987) referred to this spontaneous awareness of the past
as involuntary explicit memory. We prefer the term involurtary con-
scious memory because the term explicit fest is often used to refer to
memory tests involving intentional retrieval.

2. Because of the refresh rate of the monitor, there was unavoidable
random variability in the presentation duration between trials. Expo-
sure durations given here are therefore nominal figures.

3. The program used for Experiments } and 2 was a general purpose
experimental package written for the last author by a professional pro-
grammer. The programmer made the change in the mask without con-
sultatjon as one of a number of updates, We revented to the previous
version of the program for Experiment 2.

4. Unlike analysis of variance, the signal detection model does not
assume normmality of raw hit and false alarmn scores; it does, however,
assume that the distributions of mnemonic information for old and new
items that underlie subjects’ responses are normal and of equat vari-
ance. In view of the demonstrable nonnormality of the current data, mak-
ing the latter pair of assumptions seemed preferable to making the former,

3. One of our reviewers objected 1o our use of the term priming with
reference to the intentional retrieval condition. We disagree with this
objection because subjects in that condition were instructed to use their
memory to help them identify test items and—unlike in direct data-driven
tests—were not asked to vse the flashed items as cues for the retrieval
only of studied items, and because the term priming has Jost its original
cormotation of the temporary sensitization of a preexisting abstract mem-
ory representation. We use the term priming to refer to facilitation ef-
fects, without a priori assumptions about the representations, processes,
strategies, or states of awareness mvolved.

6. The comparisons between low-frequency critical items and medium-
and high-frequency filler items were made using the data for old low-
frequency items from subjects for whom 75% of test items were old
and the data for new low-frequency items from subjects for whom 25%
of test items were old.

7. Of the two experiments reported by Allen and Jacoby {(1990), only
the second showed a significant effect of percentage of old test items,
That experiment showed a marginal interaction such that percentage of
old test items exerted a greater effect on read itemns (data-driven encod-
ing) than on anagram items (conceptually driven encoding). The fact
that this interaction was opposite in form 10 the one reported here
strengthens the argument that the interaction observed in Experiments
1 and 2 was attributable to our instructional manipulation.

8. The assumption of monotonicity of functions relating task perfor-
mance to underiying processes is fundamental to the logic of reversed
association, If this assumption is not accepted, the analysis presented
here fails. However, as Dunn and Kirsner (1988) point out, this assump-

tion is essential to psychological measurement in general.

(Manuscript received July 8, 1991;
tevision accepted for publicaton August 3, 1993))
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