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26 Measuring Recollection: Strategic versus
Automatic Influences of Associative
Context

Larry L. Jacoby

ABSTMCT There has been much recent interest in the finding of dissociations between perfor-
mance on indirect and direct tests of memory. Indirect tests (e.g., word-stem completion) are
said to primarily reflect automatic or unconscious uses of memory, whereas direct tests (e.g.,
cued recall) primarily reflect strategic or consciously conholled uses of memory. Rather than
identifying Processes with tasks, as is done by use of the contrast belween indirect and direct
tests, I (e.g.,lacoby 1991) have used a "process-dissociation procedure" to separate the within-
task contributions of consciously controlled and automatic uses of memory. I describe advan-
tages of the process-dissociation procedure over standard direct tests as a means of measuring
recollection. Because of its failure to distinguish between automatic and straLegic uses of mem-
ory, reliance on standard, direct tests is shown to produce serious errors in conclusions that are
drawn. I propose a distinction between shategic and automatic influences of associative con-
text, and report two new experiments to show the utility of that disfinction. As will be
discussed, the strategic/automatic distinction is importani for answering questions about the
effectiveness of providing environmental support to aid the performance of memory-impaired
individuals.

26.I INTRODUCTION

How should one measure an amnesiac's ability to recollect memory for a prior
event? An obvious means of measuring recollection would be to question the

Person directly about memory for the event; for example, a test of cued recall
might be used. However, there are problems for measuring recollection in that
way. To iliustrate, consider difficulties for interpreting an amnesiac's perfor-
mance on a test of recall cued by presentation of word stems. Suppose that
amnesiacs were presented with a long list of words that they were told to
remember, and then memory was tested by providing word stems that were
to be used as cues for recall of the words presented earlier (e.g., mot- as a
cue for recall of motel). To measure memory, the probability of completing
stems with old words is compared with the base rate probability of complet-
ing those stems. A measure of base rate is gained by presenting stems that can
be completed only with words not presented earlier.

Experiments using these sorts of procedures have shown that amnesiacs'
recallperformance is sometimes nearly as good as that of subjects with normal
functioning memory (Gral Squire, and Mandler'l.,984; Warrington and Weis-
krantz 7974). Consequently, it might be concluded that given word stems as
cues, alnnesiacs Preserve an almost normal ability to recollect memory for



a Prlor exPerience (warrington and weiskrantz i.gz;). However, amnesiacs' might achieve their figh level of cued ,u.uti performance by a means otherthan recollection' They may complete word stems with the first word thatcomes to mind without being aware that their completions are the words thatthey were instructed to reJail. Indeed, amnesiacs' cued recall performancesometimes 
{oes 

not differ greatly from what would be observed if they weregiven an indirect test of memory.
For an indirect test, people are not asked to report on memo ry foran eventas thev wourd be for a diiect resr, such u, 

" 
i.i,?;;;"* memory orrecall' Rafher' they engage in some task that can indirectly reflect memory forthe occurrence of thaf event. word stem and fragment completion tasks areamong the most popular indirect tests of *.rno.y (warrington and weis-krantz I9T4; Tulvint, Schacter, and Stark t9g2; Gr# and fuundle, Lgs}).Dissociations between perforrnance on direct and indirect tests supply exam-ples of effects of the putt i., the absence of remembering (Richardson-Klavehnand Bjork Tggg; Hintzman l,ggo). some of the most striking exampres ofdissociations come from the performl.u Jprtients suffering a neurologicaldeficit' Korsakoff amnesiacs, fo, u"*plu, ,how near-norrnal effects of memoryin their performance of a stem .o*pl"iion task, although their perfonnance ondirect tests of rnemory is severely impairej rr". reviews, see ostergaard andJemigan, n.d.; Shim€urura .9g6;Moscovitch, chap. 25, this volume).The problem for gaining an accurate measure of recollection (a strategigconsciously controlled use of memory) is that performance of , diru.t test maybe contaminated by automatic influe.,.", of thesort reflected by performanceon indirect tests of memory. Automatic influences of memory increase theprobability of correct guessing. This inlo.rr,eJgu.rring inflates estirnates ofrecollection and may be rargel! responsibre for u-cc.rrate memory reports pro_duced by amnesiacs (GabriJi 

"t 
al. rqgo). Guessing could be discouraged byinstructions' but it is unlikely that it could u" ruly eliminated. Rather thanattempting to eliminate guessing, it would be better to measure its effects.How should one correct for fry:, grurring-on a direct test so as to gainan accurate measure of recollection? one answJ. to that question i, to mea-sure recollection as the difference between purfo**ce on a direct test andthat on an indirect test of memory..for 

"*u*pl., 
stem-compretion perfor_mance might be subtracted from recall cued witir word stems to gain a mea-sure of recollection' However, that solution is unlikely to be itirfu.tory.Performance on indirect tests is sometimes contaminated by strategic uses ofmemory and so cannot be treated as a pure *uuru.. of automatic influencesof rnemory (Richardson_Klavehn and Bjork rggsl. Another problem for mea_suring recollection and automatic influences with different iasks is that pro-cesses may be qualitatively different across tasks. The issue hur. i, ,omethinglike the commonprace beiief that peopre express what they ,,trury 

berieve,,when drunk. It is possible that what peopre buriu.,n. yh:. drunk is quaritativerydifferent from what they belie,ru *hun- sober. simirarly, the automatic influ-

:HHJ.T[$? il::I:*esr 
may be differenr from rhose thui,,. in pray
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Rather than identifiz processes with tasks, as is done by use of the contras[between indirect und-direct tests, I have used a ,pro".rr_jrsociation 
proce_dure" to separate the within-task contribu;i;", of consciourly .o.,trolled andautomatic uses of memory (Jacoby, r,ggr;. Eir;;;.J"."i".r., Jacoby andKelley 7991; Jacoby et al''|'ggz)hu'nu writien much about the advantages offhe process-dissociution procedure o,n.. inlirect tests u, u *.*s of investi-gating automatic infruencls 

,of 
*.*of. H".], I change focus fy describing the:: : T:l'."J ",,*:,fru T;::T"".',1T;: i 0".. a,," ; ;. il" ", ; o r d i re c i iu s t,

Reliance on direct teJs of memory to measure recollection fails to separatestrategic and automatic influer,."r.of *"rnof and, consequentry, can read toelroneous conclusions' Failure to distinguirh l"ueen uutomatic and strategicinfluences might account for the airui..y in the literature .on..*i.,g theeffects of some variables on perform-." Jf di.u.t tests. I present evidence toillustrate problems. for inteqpreting performance on drrect tests of memory.After describing advanta$"r'of th;;r".;rr-Jir*"iution procedure, I proposea distinction betwet'' 'kultgic and automatic influences of associative contextand report new experiments to show the utirity of that disfinction.
26.2 MEASURING RECOTTECTION

The problem of correcting measures of recollection for guessing is as impor-tant for measuring no*"i*emory as for measuring the memory perforrnanceof amnesiacs. Ii is crassic t"ri th"o.v th.t;;;;ates the .o,o_tn practice ofcorrecting for guessing by 'ubtru.tir,g the probabirity of farse recalr from theprobability of correct recat or,, *r,i."uffi recognition memory perfor_mance' subtracting false alarms from hits (see K-intr.h r,gTofor a discussion ofhigh-threshold mod.lr). similli to clusric test n.oo, we assume that guessingis independent of true remembering (recollection). Unlik. .lurri.-test theory,
fffr:1iljfi:il:ilil'*il:esluessins. ih.* is, guessing is inrorm.d bv

When Recollection is Zero

The fust case that I consider is one in which the process-dissociation proce-dure shows recollection to i"-i"ro,and the absence of recollection could notbe detected by use of either crassic test theory or signal detection theory.After describing an exampre to show th. ur.'of those standard means ofcorrecting for guessing, I Jescribe the pro.urr_Jis-sociation procedure.In an experiment done by Jacoby, Toth, u'J'yonerinas (experiment Ib,7993)' peopre studied a set of *ord, under conditions of fuil or dividedattenfion and were later given the first fhree l";;, of the words as cues forrecall' subjects in a full-a[untio., .ondiiion..ru tota to read the words aroudand remember them for a rater test of me11ory. irti".r, in a divided_atientioncondition read aroud the same ttri or words *rrJ. ,i*urtaneousry engaging ina lisiening task. For the ristening'-ork, u to.,g ,.;r.r"or numbers was presenfed,
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and subjects were to indicate when they heard a sequence of three odd num-

bers in a row (".g., 3 9 7). Subjects were told that the task of reading

words aloud was designed to interfere with perforrnance on the listening task;

no mention was made of the fact that subjects' memory for the read words

would later be tested. By confounding attention condition with the deletion

of instructions to remember, we hoped to eliminate the possibility of later

recollection in the divided-attention condition so as to mimic results one

would expect to be produced by amnesia (Craik 1"982).

For an inclusion test (later contrasted with an exclusion test), a list of word

stems was presented, and subjects were instructed to use each stem as a cue

for recall of an earlier-presented word that could be used to complete the

stem. If their attempt at recall was unsuccessful, they were to complete the

stem with the first word that came to mind. That inclusion test is the sarne as

a standard test of cued recall with instructions to guess when recollection fails.

Within the test list were some stems that could be completed only with a new

word. Completion of those stems served as a measure of base rate or "false

recall." A standard means of correcting cued recall performance for guessing

is to subtract the probability of false recall from that of correct recall flNeldon,
Roediger, and Challis 19S9).

Results showed that cued recall performance in the divided-attention condi-

tion was poorer than that in the full-attention condition (.62 versus .46).

However, in the divided-attention condition, the probability of completing a

stem with an old word was well above base rate (.46 versus .35). Should it be

concluded that dividing attention did not fully eliminate the possibility of

later recollection, or does the above-base-rate level of performance in the

divided-attention condition only reflect guessing informed by automatic

influences of memory? Neither classic test theory nor signal detection

theory (Swets, Tanner, and Birdsall 1,961) helps to answer that question

because neither distinguishes between recollection and automatic influences

of memory.
The process-dissociation procedure can be used to show that dividing at-

tention during study reduced later recollection to zero and left only automatic

influences of memory. An important difference between recollection and auto-

matic influences of memory is that recollection affords a level of strategic,

conscious control over responding that is not afforded by automatic influ-

ences. Suppose that for an exclusion test, subjects were instructed to complete

stems with words that were not presented earlier. For that test, recollection

would serve to exclude earlier-presented words as completions for word

sterns, an effect opposite to that for the inclusion test. To the extent that

subjects recollected earlier-presented words, they should be more likely to

complete stems with those old words when trying io (inclusion test) than

when trying not to (exclusion test) respond with old words. That is, recollec-

tion can be measured as the difference between perforrnance in the inclusion

and exclusion test conditions, a measure of control. In contrast to recollection,

automatic influences of memory are assumed not to support such selective
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responding. Automatic influences of memory act to increase the probability of
completing stems with old words regardless of whether an exclusion or an
inclusion test is given.

Subjects in the experiment described were given an exclusion test as well
as an inclusion test. For the exclusion test, they were instructed to use the
stems as cues for recall of words presented earlier but not to give a recalled
word as a comPletion for a stem. That is, for the exclusion test, subjects were
told to complete stems with words that were not presented earlier. Results
from ihe inclusion and exclusion test conditions arsshown in the left half of
table 26.7. Looking at results for the exclusion test, subjects in the divided-
attention condition were less able to use recollection to exclude old words
than were subjects in the full-attention condition. Indeed, after divided atten-
tion, the probability of completing a stem with an old word for the exclusion
test was identical to that for the inclusion test. That identity in performance
provides evidence that dividing attention during the study presentation of
words reduced later recollection to zero. It can be concluded that responding
with an old word did not result from a strategic, consciously controlled use of
memory, because such responding was as likely when subjects were trying
not to as when they were trying to respond with an old word. After dividel
atiention to study, all that remained were automatic influences of memory.

Performance in the divided-attention condition provides clear evidence of
automatic influences. Although the probabiliby of responding with an old
word was equal for the inclusion and exclusion tests, that probability was
above the base rate gained from stems that could only be .o.il.t.d with new
words (.46 versus .35). When recollection can be shown to be zero, sub-
tracting base rate or false recall from correct recall gives a measure of auto-
matic influences.

How can automatic influences be measured when recollection is greater
than zero, as in the full-attention condition? Translating the above arguments
into a set of simple equations that describe performance in the inclusion and
exclusion test conditions provides a means of estimating the separate contri-
butions of automatic and strategic processes. Stated formally, the probability
of responding with a studied word in the inclusion test condition is the
probability of recollection (R) plus the probability of the word's automaticallv
coming to mind when there is a failure of recollection, ,4 (1 - R):

Inc lus ion :R * , ,1 (1  -  R) .  (1 )

Table 26.1 Probabilities of Responding with an Old Word and Estimates of Recol-
lection (R) and Automatic Influences (A)

Probabilities Test Esiimates

Attention Inclusion Exclusion A

Full
Divided

.67

.46
A N

.46

.25
0

.36

.46

Note: Base rate : .35.
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For the exclusion test, a studied word will be produced only when a word

automatically comes to mind and there is a failure to recollect that it was on
the list, or more formally:

Exclusion : A(1 - R). (2)

In the inclusion test, automatic and intentional influences act in concert.
Performance in that condition clearly overestimates recollection and does
not provide unambiguous evidence even for its existence. The exclusion test

places recollection and automatic influences in opposition. If the probability of
complefing stems with studied words in that condition is higher than base
rate, then one can be sure that automatic influences exisi. However, if the

probability of recollection is above zero, perforrnance in the exclusion condi-

tion underestimates the magnitude of automatic influences.

The probability of recollection (R) can be estimated as the probability of
responding with a studied word in the inclusion condition minus the probabil-
ity of responding with a studied word in the exclusion condition:

R : inclusion - exclusion. (3)

Once an estimafe of conscious recollection has been obtained. unconscious or
automatic influences can be estimated by simple algebra:

A - Exclusion/(I - R). (4)

We call this the process-dissociation procedure because what we are looking
for are factors that produce dissociations in their effects on the esLimates of
the different types of processes. Equations 1-4 can be applied to the data in
table 26.-1, to separate recollection and automatic influences. Doing so (right

half of table 26.I) shows that dividing attention produced a process dissocia-
tion. Although dividing attention reduced the probability of recollection to
zero, the estimaLed contribution of automatic influences was near identical for
the full- and divided-attention conditions.

It is important to be able to find such process dissociations. One of the
strongest assumptions underlying the procedure is that automatic and strate-
gic uses of memory are independent. If this assumption is valid, we should be
able to identify factors that have large influences on one process but leave the
other process unchanged. The strategy is analogous io that used by propo-
nents of signal detection theory to justify the assumed independence of discri-
minability and bias. For signal detection theory, if discriminability and bias are
independent, it should be possible to vary bias and leave d' (the estimate of
discriminability) unchanged (Snodgrass and Corwin 1.959) or vice versa. For
our approach, the process dissociation produced by dividing atteniion during
study provides support for the assumption of independence of recollection
and automatic influences. Jacoby, Toth, and Yonelinas (1993) further describe
the assumptions underlying the process-dissociation procedure and review
data thai provide support for those assumptions. Process dissociations such as
those produced by dividing attention during study have been found in several
other experiments.
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Even when giving a correct memory response, amnesiacs often deny hav-
ing the subjecfive experience of remembering and claim to be only guessing
(Moscovitch, Winocur, and Mclachlan 1,956). For amnesiacs, the probability
of recollection is likely very low and, so the probability of compleiing a
stem with an old word should be nearly the same in inclusion and exclusion
test conditions. Results consistent with that prediction have been obtained
recently (Cermak et al. L992). The process-dissociation procedure holds an
important advantage over other means of measuring memory in that it
allows one to separate recollection, an ability that is largely lost by amnesiacs,
and, when attention is divided, from automatic or unconscious influences,
a use of mernory that is preserved by amnesiacs and when attention is
divided.

offsetting Effects of Recollection and Automatic lnfluences

The above example shows that reliance on standard means of correcting for
guessing can overestimate recollection. The next case I consider shows an
even more serious error in conclusions that can result from reliance on such
standard procedures. A manipulation can have effects on strategic uses of
memory that are fully offset by its opposite effects on automatic uses of
memory. Given such offsetting effects, reliance on standard procedures for
measuring memory leads to the mistaken conclusion that the manipulation
had no effecl.

Among the effects most intensely investigated using direct tests of mem-
ory is the finding that words generated in response to a question are later
better remembered than are words that were simply read (Slamecka and Graf
'1,978; 

Jacoby 1,978; for a review, see Hintzman 1990). Jacoby, Toth, and
Yonelinas (experiment 3,'1,993) examined this generation effect in recall cued
with word stems. In their experiment, words were presented as anagrams to
be solved or in their normal form to be read, and then word stems were
presented as cues for recall. The test of cued recall took the same form as the
inclusion test described in the preceding section. A generation effect would be
shown by recall of words presented as anagrams being superior to that of
words that were read. The results failed to show an effect of that sort. Instead,
the probability of correctly recalling words that had been presented as ana-
grams was identical to that of recalling words that had been read.

If we had relied on cued recall performance, we would have concluded that
the readlgenerate manipulation had no effect. However, by use of the process-
dissociation procedure, we were able to show that the manipulation produced
opposife and perfectly offsetting effects on recollection and automatic influ-
ences of memory. The experiment made use of both an exclusion and an
inclusion test condition, just as did the experiment described in the preceding
section. Although the read/generate manipulation had no effect on perfor-
mance when an inclusion test was given, there was a large effect on perfor-
mance when an exclusion test was given (left half of table 26.2). For the

Measuring Recollection



Table 26.2 Probabilities of Responding with an Old Word and Estimates of Recol-
lection (R) and Automatic Influenies (,4)

Probabilities Test Estimates

Study Inclusion Exclusion

Read

Anagram

l1

.82

.82
.49

.25
.33
.57

.73

.59
Note: Base rate : .56.

exclusion test, subjects were much more successtul at avoiding responding
with an old word when the word had earlier been produced as I solution for
an anagram rather than simply read.

Equations 1-4 can be used to separate the contributions of recollection and
automatic influences. Doing so allows one to see the differential effects of the
read/anagram manipulation (right half of table 26.2). By use of the process-
dissociation procedure, one sees that generating a word as a solution for an
anagram produced an advantage in recollection that was perfectly offset by a
disadvantage in automatic influences of memory.

The pattem of results found using the process-dissociation procedure paral-
lels dissociations found between performance on indirect u1i on direct tests
of memory. For example, Jacoby (19s3) showed that words generated as an
antonym of a presented word were later better recognized as old but were less
likely to be perceptually identified as compared to words that were read
earlier. Jacoby inteqpreted those results as showing that percepLual identifica-
tion primarily relies on prior data-driven processing, wher.u, ,".ognition
memory primarily relies on prior conceptually driven processing. noediger
(1990) has extended that argument to account for a variety of dissociations
between performance on indirect and direct tests.

Results of the above experiment show that a dissociaLion of the form found
between tasks can also be found between processes within a task. The read/
generate effect found for automatic influences in stem-completion perfor-
mance is the salne as found using indirect tests and the effect in recollection is
the same as found using direct tests. Consequently, one might conclude that
automaticity reflects data- or stimulus-driven processing (Posner and Snyder
1'975) and that only recollection is enhanced by prior conceptually driven
processing of the sort required to solve anagrams. However, it is important to
note that for automatic processes in recognition memory, the readigenerate
effect is the opposite of that found for automatic processes in stem completion
(Jacoby 1997). Because of differences in cues provided for retrieval and differ-
ences in task demands, automatic influences on stem-completion performance
are more relianb on PercePtual characteristics than are automatic influences on
recogniiion-mernory performance. I have used differences of that sort to argue
for the task dependency of automaticity. Jacoby, ste-Marie, and Toth (tigsl
provide a discussion of the relativity of aufomaticity that draws on theorizing
done by Neumann (1984).
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Reliance on stems that can be completed only with new words to measure
false recall forces,one to use the sarne base rate to "correct" recall of read
words and recall of anagrams. Doing so requires the contradictory assump-
tions that Rn for new words is equal to Ro for anagrams and R, for read words
but that R" is different for the two classes of words. What is needed is separate
measures of false recall for read and anagram words.

The exclusion condition used in the process-dissociation procedure pro-
vides separate measures of false recall for different classes of studied words.
The equations for the process-dissociation procedure (equations L and 2) are
identical to equations 5 and 6, except for the change from two parameters
(Ro and R") to one parameter (R) to represent recollection. For the process-
dissociation procedure, we assume that the recollection used for inclusion is
the same as that used for exclusion. Although the validity of that assumption
might sometimes be arguable, it is much more tenable than the standard
assumption that Ro equals Rn. Our use of the exclusion test condition allowed
us to see that recollection was different for anagram and read words. That
difference would not have been revealed had we relied on a tesi of cued recall
(the inclusion test condition) and corrected for guessing by subtracting base
rate from correct recall of anagram and read words.

Anoiher difference between the process-dissociation approach and classic
test theory is that unlike classic test theory, we assurne that memory influ-
ences guessing. Without separating the different influences of memory, the
memory preserved by amnesiacs and after divided attention might be mis-
taken for recollection rather than correctly being seen as an automatic influ-
ence of memory. Also, a failure to distinguish between different influences of
memory can lead to the false conclusion that a factor had no effect when, in
actuality, there were two offsetting effects.

26.3 STRATEGIC AND AUTOMATIC INFLUENCES OF
ASSOCIATTVE CONTEXT

The effectiveness of a recall cue depends on the relation between the cue and
the study encoding of the item that is to be recalled. For example, presentation
of an associate of a studied word as a cue for its recall is much more effective
if the associate and the to-be-remembered word were studied together (Tulv-

ing and Thomson 1,973). Such "encoding-specificity effects" might be inter-
preted as showing the imporiance for recollection of the compatibility of the
retrieval cue and the study encoding of the target word. However, encoding-
specificity effects might also originate from automatic influences of memory.
In line with that possibility, Shimamura and Squire (1"984) found that amne-
siacs show "associative priming" effects. They presented word pairs, such as
table-chair, to amnesiacs and control subjects. After presenfation, subjects were
shown the first word of each pair and were asked to say the first word
that came to mind. The likelihood of subjects' responding with the second
member of the pair was found to be almost three times above baseline level
for amnesiacs as well as for control subjects (For a review of similar results

]acoby670
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How should recall cued with associates be corrected for guessing? The
problem is the salne as described for recall cued with word stems. The stan-
dard procedure of subtracting a baseline level obtained using new items from
correct recall does noi take automatic influences into account and, conse-
quently, can overestimate the probability of recollection. Furiher, manipula-
tions of the compatibility of retrieval cues and study encoding likely affect
both recollection and automatic influences of memory. To measure effects on
recollection accurately, one needs to separate. effects on recollection from
those on automatic influences.

Experiment 1: Placing Strategic and Automatic Influences in Opposition

A first experiment was done to demonstrate that associative context affects
both recollection and automatic influences of memory. In phase 1 of that
experiment, associatively related words were presented in pairs (e.g., talk-chat;
eat-drink) or were repaired and presented as pairs of unrelated words (e.g.,
turtle-cider; apple-shell). Subjects judged whether words in each pair were re-
lated or unrelated. Subjects in one condition devoted full attention to making
those judgments, whereas subjects in a second condition engaged in a listen-
ing task while simultaneously judging whether words were related. For an
exclusion test, the first member of each studied pair was presented as a cue
along with the initial letter of the associatively related target word (e.g., eat-d).
Subjects were instructed to produce a word that was associatively related to
the cue and began wiih the presented letter but had not been presented earlier
(acceptable responses would be dine or dettour, for example).

Recollection that a word was presented earlier allowed subjects to avoid
giving that word as a response. Automatic influences, in contrast, would have
the opposite effect by acting to increase the probability of responding with an
old word. Only when words were presented in related pairs did the cues
provided at test reinstate the associative context of studied words. Conse-
quently, words presented in related pairs were expected to produce both
better recollection and larger automatic influences of memory as compared to
words presented in unrelated pairs. Based on results of the sort described
earlier, dividing attention during the study presentation of pairs was expected
to reduce later recollection but leave automatic influences of memory un-
changed. Because of the effect on recollection, the probability of mistakenly
responding with an old word was expected to be higher in the divided- than
in the full-attention condition. The obtained pattern of resulfs was such as to
allow one to be certain that associative context affected both automatic and
strategic influences of memory.

Subjects Subjects were volunteers from a first-year introductory psychol-
ogy course at McMaster University who participated in the experiment for
course credit. Eighteen subjects were randomly assigned to each of two
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exPerimental conditions created by a manipulation of full versus divided
attention at studv.

Materials and Design A pool of zzo related word pairs was selected from
The Connecticut Free .Tssociational Norms (Bousfield et al. 196I), The l.Jnirsersity
of South Florida .,Associatioe Meaning Norms (McEvoy et al., n.d.), and the Norms
of Word tksociation (PosLman and Keppel tgzo). The associated words were
chosen from a range of association frequencies, with the majority being from
the medium range. The highest-frequenry associates were not selected, and an
additional criterion was that there must be at least one other associate begin-
ning with the same letier as the selected associate (e.g., burial-coffn, casket,
ceremony, crypt).From the selected pairs, three sets of forty pairs each were
formed, and those sets were used to represent the three presentation condi-
tions: presented in related pair, presented in unrelated.pair, and new at test.
Unrelated pairs were formed by repairing words in related pairs. Each set was
balanced with regard to the probability of the selected associates being given
as a resPonse when new. Across formats, the sets were rotated through exper-
imental conditions. Remaining pairs were used as fiilers for the study list or for
the test list.

The study list contained 120 pairs, with the first 20 pairs and the last 20
pairs in the list serving as fillers. Of those fillers, half were related and the
other half were unrelated pairs. The order of items in the study list was
random, with the restriction that not more than 3 pairs of the same condition
could aPpear in a row. The test list contained 200 pairs, 80 of them fillers. The
first 40 pairs in the test list were fillers (20 pairs of which had been presented
during study). The fillers at the beginning of bhe list were used to allow
subjects to become acquainted with the task before data were collected. The
remaining 40 fillers were words from new pairs and were spread through the
list so as to make the number of cues that would only aliow responding with
a new word equal to the number of cues that would allow responding with an
old word.

Procedure In the study phase, the word pairs were presented on a monitor
for 2 sec each with a 

'1./2-sec 
delay, during which the screen was blank,

between the presentation of pairs. For each pair, subjects pressed one key to
indicate that the pair of words was related or another key to indicate that they
were unrelated. Subjects in the divided-attention condition engaged in a lis-
tening task while simultaneously judging whether words were related. The
listening task was one previously used by Craik (Igsz). Subjects monitored a
tape-recorded list of digits to detect target sequences of three odd numbers in
a row (e.9.,9 3 7). Digits were recorded ai a 1.5-sec rate. Subjects signaled
their detection of a target sequence by sayin g "rrow."

For the test, the first word from each pair was presented followed by two
sPaces and then ihe first letter of its selected associate. The cue remained on
the screen until the subject gave a response or until 15 sec elapsed; then the
next test item was presented. Subjects were told that they were to produce a
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word that was associatively related to the cue and began with the provided
first letter but had not been presented earlier. They were told that if they were
able to recall a previously presented, related word, even if the word had not
been paired with the cue word, they were not to use that old word as a
resPonse.

The significance level for all tests was set at p 1 .0s.

Results The probability of mistakenly responding with an old word is
shown in table 26.3 for words presented in related uid trr,r.lated pairs along
with the baseline probability of responding wiih those words when they
were new' Analysis of those probabilities revealed a significant interaction
between prior presentation and fulr versus divided attention (F(2,6s) : i,r.62,
M S . : . 0 0 5 ) .

Results from the full-attention condition provide evidence that reinstat-
ing associative context improved recollectior,. Aftu, ftrll attention to judging
pairs, words presented in related pairs were given as a response less fruqr*U]
than were new words and were also less likely to be *irtuk"r,ly given as a
resPonse ihan were words presented in unrelaied pairs. That pattem of results
shows that recollection of words presented in ,elut"d pairs was often suffi-
ciently good to allow subjects to exclude those *o.i, as permissible re-
sPonses' In contrast, results from the divided-attention condition provide
evidence of automatic influences of memory. After divided attention, old
words from related pairs were more likely to be given as a response than were
new words' This increased probability must hurr. resulted from an automatic
influence of memory, because an intentional use of memory (recollection)
would have produced an opposite effect. Weak evidence of an effect of asso-
ciative context on automatic influences is provided by the finding that after
divided attention, words from rerated pairs were slightry more likely to be
mistakenly given as a response than were words from unrelated pairs,

Experiment 2z separating strategic and Automatic Influences

The results of experiment 1 provide evidence that reinstating associative
context affects both recollection and automatic influences of memory. How-
ever, the design of that experiment was not sufficient Lo allow one to separate
effecis of associative context fuily on the two types of processes. To accom-
plish that goal, experiment 2 made use of the pro..ss-dissociation procedure.

Table 26.3 Probabilities of Responding with an "old" word on an Exclusion TesL
Pair Type

Atfention Related Unrelated New
Full
Divided

Note: New pairs provide a measure of base raie.

.21

.36
.30
. J J

.29
) 7
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Materials and Procedure The materials and procedure for experiment 2

were the same as those for experiment 1., except an inclusion test condition

was added. Inclusion and exclusion test items were randomly intermixed, with

the color of test items (green or red) signaling their type. For green test items,

subjects were instructed to use the presented cue word and first letter to recall

an earlier-presented word that was associatively related to the cue word and

began with the provided first letter. If subjects were unable to recall a suitable

old word, they were told to respond with the first word thai came to mind

that fit the restrictions. For red stems, in contrast, subjects were instructed not

to respond with old words. The instructions for that exclusion test were the

same as for experiment L.

The procedure of randomly intermixing inclusion and exclusion test ibems

was used to equate the interval betrveen prior presentation of an item and type

of test. The addition of the inclusion test condition reduced by half the num-

ber of words representing each combination of experimental conditions as

compared to experiment 1. The only other difference beLween the two experi-

ments is that pairs were presented for 1.5 sec in phase 1 for subjects to judge

whether words were related in experiment 2 but for 2 sec in experiment 1.

Results The baseline probability of producing the selected associates when

new did not differ significantly across type of test (inclusion versus exclusion)

or attention condition (full versus divided attention), and averaged .29. For

words presenLed in related or unrelated pairs, an analysis of the probability of

responding with an old word revealed a significant interaction among type of

pair (related versus unrelated), type of test, and attention condition (F(1,34) -
'L6.s7, 

MS" : .00s). The results in the left half of table 26.4 show that effects

for the exclusion test were similar to those of experiment 1 in that dividing

attention increased the probability of subjects' rnistakenly responding with

words from related pairs. For the inclusion test condition, in contrast, dividing

atLention decreased the probability of subjects' correctly responding with

words from related pairs. That pattern of results is what would be expected if

dividing attention reduced the probability of recollection.

Table 26.4 Probabiliiies of Respond.ing with an Old Word and Estimates of Recol-
lec[ion (R) and Automatic Influences (A)

Pair Type Probabil it ies Test Estimates

Attention Inclusion Exclusion R A

Related
Full
Divided

Unrelated
Full
Divided

.60

.48

. 3 7

. 3 7

.24

. J O

.30

.29

.36

.72

.07

.08
,32

a <
. J 1

.40

Note: Base rate : .29.
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so as to better examine differential effects of dividing attention and associa-tive context, the equations presented earlier were ,rud to estimate the sepa-rate contributions of automatic and strategic uses of memory (right half oftable 26'4)' The estimates of recollection ru-,n"ul that word, fr# related pairswere more likely to be recollected than were words from unrelated pairs.Dividing attention reduced recollection of words from related pairs bui didnot affect recollection of words from unrelated pairs, perhaps because recollec-tion of words from unrelated pairs was near zero even in the full-attentioncondition' Thus, the results piovided strong evidence that dividing atten-

::::il:l[Td 
recoilecrion, whereas reinsraunl associarive conrexr improved

An analysis of the estimated automatic influences showed that dividingattention did not produce a significant main effect or a significant in1eractionwith hype of pair' This result agrees with those from 
".r"rt., 

..periments inshowing that aithough dividing attention radically reduce, 1.t..'r".ollection,
automatic influences of memory are left unchanged. More interesting, reinstat-ing associative context increased automatic i.,i'u"n.., of memory. Estimatedautomatic influences for words presented in related p"t; ;;;'iuo", than forwords presenied in unrelated pairs (F(L,34) : 10.99, MS" :.00S). The esti_mated automatic influence for words presented in ,rnru[t"d';;,* was notsignificantly larger than baseline. That is, the results provided no evidencethat presenting words in unrelated pairs had the automatic influence of in-creasing the likelihood of those word, being given as a response. Data_drivenprocessing required to read the words eu.liu-r irurs not enough to produce suchautomatic influences of memory. Rather, to produ.. uutoi.utic influences, itwas necessary that words be presented in ."lut"d pairs so that the associativerelation dealt with during stuiy was the same as that used at test.

Effects of Providing Environmental Support

The estimates of recollection gained by use of the process-dissociation proce-dure differ from estimates that wourd result if farse recail (baserine) was sub_tracted from correct recall, as is standard. For the full-att..,iion condition, th"standard measure of recollection underestimates recollection of words fromrelated pairs (.60 - .29:.31 versus .36), whereas for the divided_attentioncondition, the standard measure overestimates recollection (.4g _ .zg : ..r.9versus 'L2)'In part, this difference results because the standard measure restson the contradictory assumptions that the p.obrlility of recoll..ting that anitem was not earrier presented (R") is the same for the fut- and divided_attention conditions and equal to 
$:_ 

probability of recoll..ti.gihut an itemis old (R,), which is assumed to ditrer for the iwo attention conditions. Incontrast' the process-dissociation procedure provides different baselines (mea-sures of exclusion) for the full- and divided-attention conditions and takeseffects of automatic influences of memory on guessing into account.
The results of the experiments provide clel evidencu fo,. the utility of adistinction between strategic and automatic influences of associative context.
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Reinstating associative context has the separate effects of improving recollec-
tion and increasing the probability that an old itern will be given as a guess.
The two effects work in concert to improve perforrnance on direct tests of
memory such as a test of cued recall. Because they work in concert for those
tests, it is impossible to separate the two effects of associative context or even
to see that there are separate effects. Much of the disarray in results from
experiments using direct tests might be produced by the two effects of asso-
ciative context being mistakenly treated as if they originate from a single
source. The contradictory results from experiments examining the memory
effects of providing environmental support serve as an example.

Craik (7983, 7956) proposed an environmental support hypothesis to ac-
count for variation across situations in the severity of the memory deficit
suffered by the elderly. The primary assumptions of that hypothesis are that
age-related deficits are at least partially due to deficiencies in self-initiated
processing and information present in the environment (environmental sup-
port) can have effects that compensate for deficient self-initiated processing. A
prediction of the environmental support hypothesis is that age differences in
performance on direct tests of memory should decrease as environmental
support is increased. Craik and Jennings (1,992) reviewed the relevant litera-
ture and concluded that the results of some experiments agree with the envi-
ronmental support hypothesis, whereas results of other studies conflict with
that hypothesis by showing that age differences are constant across differeni
levels of environmental support or even larger when greater enviromental
support is provided. That is, all possible pattems of results have been
obtained.

Such mixed results are easily explained if providing environmental support
has separate effects on recollection and automatic influences of rn.*ory. Th.
aged may suffer a deficit in self-initiated processing and, consequently, show
smaller effects of enviromental support (e.g., associative context) on recollec-
tion. Indeed, reinstating associative context may affect only automatic uses
of memory for the aged but both automatic and strategic uses of memory
for younger subjects. The overall effect of providing environmental support
would then depend on whether automatic or strategic uses of memory were
given the heavier weight by the particular test situation. To examine this
possibility, effects on sirategic and automatic uses of memory must be sepa-
rated, as is done by the process-dissociation procedure.

26.4 CONCTUSIONS

Findings of dissociations between performance on direci and indirect tests of
memory have been cause for a great deal of excitement and have resulted in
renewed interest in automatic or unconscious influences of memory. A widely
recognized problem for interpreting performance on indirect tests comes from
the possibility that performance on indirect tests is contaminated by inten-
tional uses of memory. Much less attention has been given to the possibility
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that perforrnance on direct tests of memory is contaminated by automatic
influences of memory.

Rather than identiFy processes with tasks, I have used the process-
dissociation procedure to separate the contributions of strategic and automatic
influences within a task. The results reported here weigh on theorizing about
automatic influences of memory. For example, the experiments examining the
effects of associative context on automatic influences could have been de-
scribed as showing the advantage of the process-dissociation procedure over
the use of indirect tests as a means of measuring effects of co.,ceptually driven
processing. Elsewhere (Jacoby et al. '1.992; 

Toth, Reingold, and Jacoby, n.d.)
we provide discussions of that sort and argue that the process-dissociation
procedure holds important advantages over indirect tests as a means of in-
vestigating automatic influences of memory. Jacoby, Toth, and yonelinas
(1993) discuss the relation between the "direct retrieval" assumptions that
underlie the equations presented here and the "generate /recogniie" assump-
tions (Jacoby and Hollingshead lggo) that are often used to describe .u"d
recall performance. They argue that the invariance in automatic influences
across manipulations of attention cannot be predicted by a generate /recognize
model of cued recall performance.

The process-dissociation procedure can be applied in a wide range of situa-
tions. Debner and Jacoby (n.d.) have extended the procedure to separate
conscious and unconscious effects of perception. The arguments for "seeing,,
are the same as for recollection in the case of separating conscious and un-
conscious influences of memory. Supposed demonstrations of unconscious
perception that have relied on indirect tests have been disrnissed by critics
(Holender 1'956) on the grounds that perforrnance on the indirect test may
have been contaminated by the effects of conscious perception. Here, too, we
turn the tables by showing that performance on direct tests, whic} is usually
taken ai face value as measuring conscious perception, is sometimes badly
contaminated by the effects of unconscious perception.

The implications of the distinction between strategic and automatic uses of
memory are, in some ways, even more important for direct than for indirect
tests of memory. It is perforrnance on direct tests of memory such as tests of
cued recall that has been the traditional focus of investigations of memory.
The measures of memory gained using those standard, direct tests do not
distinguish between recollection and automatic influences of mernory. The
results described here show that by failing to distinguish between those two
effects of memory, one risks serious errors in conclusions that are drawn.
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