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Distinctiveness in Recognition and Free Recall:
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Dual process models of recognition have identified two underlying processes which contribute
to recognition performance: recollection, which involves the retrieval of qualitative information
regarding an event occurrence, and familiarity, which represents a generalized feeling of prior
occurrence. It has been proposed that recognition and free recall may be related because both
involve the retrieval of qualitative event information. To examine this possibility, we compared
recognition and free recall under different levels of word frequency, presentation frequency, and
distinctiveness of semantic encoding. All three variables dissociated across recognition and recall.
Most importantly, shifting the semantic orienting task between preexposure and study lists greatly
facilitated recognition, yet left free recall unaffected. This benefit occurred primarily because the
shift enabled subjects to more efficiently reject distractors that were familiar as a result of
preexposure, but not encoded on the appropriate dimension. Since subjects in recall conditions
were not prone to intrusions as a function of preexposure, and, in fact, could not intentionally
provide sizable numbers of these items, such a selection mechanism was unnecessary. The current
findings, in conjunction with those from process dissociation studies, emphasize the role of
recollection in terms of selective responding in the presence of highly familiar competitors.
Retrieved information which is not distinctive cannot serve as a basis for excluding alternative
sources, and therefore will not contribute to performance nor be reflected in estimates of recollec-
tion. As a result, recollection estimates may often diverge from free recall performance. q 1998

Academic Press

A considerable body of research has dem- used in clinical memory assessment, knowl-
edge regarding dissociations is vital.onstrated that the effects of preexperimental

word frequency dissociate across recognition In the case of recognition, discrimination
improves as word frequency decreases (seeand recall (for review see Gregg, 1976). Such

dissociations may yield critical information Mandler, Goodman, & Wilkes-Gibbs, 1982;
and Wixted, 1992, for exceptions), whereasregarding differences in decision and control

processes mediating memory performance on for free recall, performance increases with the
frequency of the items. Despite decades ofthe two types of task. Given that both types

of task are often held to rely on a unified research, it is still unclear why low frequency
items should enjoy a recognition advantagedeclarative memory system (e.g., Haist, Shi-

mamura, & Squire, 1992) and are frequently over high frequency counterparts. One ap-
proach taken has been to apply dual process
models of recognition (e.g., Atkinson & Juola,
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382 DOBBINS ET AL.

dorsement in the absence of such qualitative ity processes. Thus, the preponderance of re-
cent evidence suggests that the effects of wordinformation (i.e., ‘‘fluency,’’ ‘‘familiarity,’’

‘‘knowing,’’ or ‘‘registration without learn- frequency on recognition are more consistent
with the operation of recollective than non-ing’’). Recent investigations of the word fre-

quency effect, using the remember/know recollective processes. However, preexperi-
mental word frequency is not the only manip-(Tulving, 1985) and process dissociation (Ja-

coby, 1991) paradigms, suggest that it is ulation shown to dissociate across recognition
and recall. There is also evidence that directlargely the result of recollective processes

(Gardiner & Java, 1990; Guttentag & Carroll, manipulation of frequency of items within the
experiment may also dissociate recognition1994; Kinoshita, 1995; Yonelinas, Regehr, &

Jacoby, 1995), which presumably rely on the and recall performance.
For example, Anderson and Bower (1972),retrieval of qualitative information regarding

the study items. However, this viewpoint is in employing a multiple list learning paradigm
with a restricted item pool, demonstrated thatcontention with that of Mandler (1982) and

MacLeod and Kampe (1996), who assert that proactive interference during immediate recall
developed relatively slowly in comparisonthe effect is primarily driven by automatic,

familiarity processes. These researchers con- with the benefit afforded by target item repeti-
tion in previous lists. Thus, on average, imme-tend that the lower preexperimental frequency

items receive a differential increment to their diate recall improved with the increasing fre-
quency of targets despite the fact that potentialfamiliarity value, relative to high frequency

items during study. In short, these items re- intrusion items had also been repeatedly pre-
sented. Such is not the case for recognitionceive a greater familiarity ‘‘boost’’ during

study through increased rehearsal, differential judgments, where prior presentation of items
in the test pool impairs the ability to laterattending, greater integration, etc. In a recog-

nition test using novel distractors, this leads discriminate a particular subset of the items
(Kinsbourne & George, 1974; Tulving &to the prediction of lower false alarm rates for

low frequency distractors (because of lower Kroll, 1995). Furthermore, this preexposure
effect may be independent of the effect ofpreexperimental familiarity), in conjunction

with higher hit rates for low frequency items word frequency on recognition (Kinsbourne &
George, 1974, Experiment 2). These findings(due to a greater familiarity increment). Hirsh-

man and Palij (1992) questioned this account suggest that the preexposure of future dis-
tractors in a recognition paradigm may haveon the basis of their failure to find increases

in the word frequency effect with increased particularly severe consequences relative to
similar manipulations in free recall. One mightrehearsal time. Similarly, Kinsbourne and

George (1974, Experiment 1) used a multiple expect such a pattern if recognition procedures
encourage item selection based on stimulusalternative forced choice method to address

the issue, in which each target was embedded driven familiarity when recollection of list
source information is absent (cf., Huppert &in an array spanning 10 word frequency bands.

In this case, differential ‘‘boosting’’ of the Piercy, 1978; Koriat & Goldsmith, 1994).
Two recent studies suggest that multipletarget item familiarity during study would not

differently affect discrimination performance prior intra-experiment presentations exert a
strong influence over non-recollective recog-because both item types would have a dis-

tractor of equal familiarity present in the test nition processes. Hintzman et al. (1992) dem-
onstrated that increasing the presentation fre-choices. Despite this manipulation, a word fre-

quency effect was still observed. Finally, both quency of study items (words or line draw-
ings) can be shown to directly increasethe studies of Gardiner and Java (1990) and

Kinoshita (1995) failed to find word frequency judgments of frequency for highly similar dis-
tractors (plurality changes or mirror rever-effects for ‘‘know’’ responses which presum-

ably directly reflect the operation of familiar- sals). Importantly, Hintzman et al. (1992) dis-
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383RECOGNITION AND FREE RECALL

TABLE 1 as targets, along with the total number of times
the items were encountered prior to test.Results of Tulving and Kroll (1995)

In accord with the hypothesis, there is a
Study False Accuracy moderate increase in hit rates for items that

condition Hits alarms (H-F/A) were novel, as opposed to familiar at study,
suggesting that they are remembered better.Novel .77 (1) .21 (0) .56
However, the majority of the difference be-Familiar .67 (7) .47 (6) .20
tween conditions is carried in the false alarm

Note. Proportions of test items judged as belonging to rates. Distractors that had six preexposures
target list with item frequency in parentheses. From Nov- prior to testing were more than twice as likely
elty Assessment in the Brain by E. Tulving and N. Kroll,

to be incorrectly endorsed than completely1995, Psychonomic Bulletin & Review, 2, pp. 387–390.
novel distractors. Given that the novelty en-Copyright 1995 by the Psychonomic Society, Inc.

Adapted by permission. coding hypothesis focuses on efficacy of en-
coding for studied items, it has little to say
with regard to this false alarm behavior. At
first glance, the difference in false alarm ratescovered that the distribution of responses for

similar distractors was bimodal and consistent may seem paradoxical. One would think that
having seen an item six times outside the tar-with a two process model where subjects re-

ject distractors outright (i.e., assign a judg- get study list, subjects would often recollect
its source during testing and not be lured intoment of frequency 0) if they consciously ap-

prehend that plurality or orientation has been making a false alarm. Although this might oc-
cur when distractor and target lists are mutu-altered, whereas in the absence of this infor-

mation, the probability of incorrect endorse- ally exclusive, in this experiment half of the
study list items were drawn from the pool ofment is proportional to the number of times

the item has been previously seen in the exper- preexposed items. This creates a situation in
which recollecting that an item occurred iniment (i.e., a function of familiarity). They

termed this latter process ‘‘registration with- the preexposure phase does not reduce the un-
certainty regarding the item’s potential occur-out learning’’ because the increased learning

trials failed to improve the ability to detect a rence in the study list. Furthermore, because
the same semantic orienting task is used acrossqualitative change to the study stimulus while

simultaneously increasing the judged fre- lists, recollection of responses, or semantic
bases for responses, likewise does not reducequency of the similar distractor.

A second paradigm displaying a similar ef- uncertainty regarding list source. Based on
these considerations, we suggest that the dif-fect was fashioned by Tulving and Kroll

(1995) in an investigation of the novelty en- ference in false alarms rates between preex-
posed and novel distractors represents a pro-coding hypothesis. This hypothesis, derived

largely from neuroimaging data (e.g., Tulving, cess similar to ‘‘registration without learning’’
proposed by Hintzman et al. (1992); that is,Markowitsch, Craik, Habib, et al., 1996; Tulv-

ing, Markowitsch, Kapur, Habib, & Houle, the operation of familiarity based responding
in the absence of the contribution of recollec-1994) holds that the efficacy of an item’s en-

coding is directly related to its novelty within tion to performance (e.g., Huppert & Piercy,
1976, 1978; Jacoby, 1991).the experiment at the time of study. Items

which receive large amounts of pre-exposure The goal of the current study is to expand
upon the work of Tulving and Kroll (1995)within the experiment context prior to their

inclusion in a study list are predicted to be by contrasting performance in the original de-
sign, in which recollection was presumed toremembered less well than items whose initial

appearance within the experiment is during be minimal, with a condition in which it was
predicted to be substantial. This was accom-study. Table 1 is recreated from the original

and shows the proportion of items endorsed plished using the same basic design, but in
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addition, including a condition where the se- Participants
mantic orienting task shifted between preex-

Three separate groups of 42 subjects were
posure and study trials. Furthermore, we

tested in three separate experiments (total
added a level to the preexposure frequency

126). All groups were treated identically prior
manipulation and included a word frequency

to testing. The subjects were undergraduate
manipulation in order to determine the degree

students at the University of California: Davis
to which these variables are related in their

and participated in return for course credit.
effect on recognition. The research reviewed
earlier suggests that word frequency primarily

Materials
exerts its effect on recollection. This being the
case, it is possible that our attempt to improve A total of 126 English nouns were selected

from three preexperimental frequency catego-recollection will critically depend on this fac-
tor. Finally, a free recall test was administered ries (lexical frequency Å high, low, and rare).

High and low frequency words were selectedto other subjects to examine the effects of the
same variables on free recall performance. At according to the counts of Kucera and Francis

(1967) and had occurrences of greater thanpresent, the relationship between recollective
processes in recognition and free recall perfor- forty per million and one to three per million

respectively. Rare items were selected frommance are poorly understood. The dual pro-
cess model of Mandler (1980) asserts that the Thorndike and Lorge (1944) with frequencies

of four per 18 million. Additional items weretwo are highly related; in fact, recollection
is often estimated using recall performance. added to the rare list with the constraint that

they appeared in neither of the frequency ref-However, the dual process model of Jacoby
and colleagues (e.g., Jacoby, 1991; Jacoby, erences cited above. All words were com-

posed of two to four syllables and were threeToth, & Yonelinas, 1994) makes no such
claim. Therefore, the comparison of recogni- to ten letters in length.

Each of the 126 words were shown in onetion and recall may prove informative.
It was hoped that by simultaneously analyz- of six conditions illustrated in Table 2. The

left column of this table shows the conditioning three critical factors (i.e., encoding task,
presentation frequency, and preexperimental and whether the item represents a future target

or distractor. The next two show the numberword frequency) across two dependent mea-
sures (recognition and recall), a clearer picture of times an item occurred in the preexposure

phase and whether or not the item appearedmight evolve of the relative contribution of
each factor to the two memory tasks. Given in the critical study phase. Summing across

columns shows the total number of times thethat current models of declarative memory
(e.g., Squire & Zola, 1996) ostensibly hold word appeared prior to testing (presentation

frequency). These conditions gave us threethat these tasks draw on the same memory
levels of presentation frequency to contrast.system, differences in performance across
This enabled contrasts across three conditionstasks may yield useful information regarding
in which both the target and the distractorthe contribution of decision-level control pro-
items had been seen once (0-1 vs 1-0), twicecesses to performance (cf., Koriat & Gold-
(1-1 vs 2-0), and five times (4-1 vs 5-0) priorsmith, 1994).
to recognition testing. There were two reasons
for employing this method. First, we wantedGENERAL METHOD
to be sure that any accuracy differences be-

The following methods describe the sub- tween presentation conditions were the result
jects, materials, and study tasks employed in of the novelty of the target item at encoding
the three separate experiments. Critical differ- and not confounded with a relative frequency
ences will be noted prior to each results sec- difference between a target and its associated

distractor. Second, we wanted to avoid com-tion.

AID JML 2554 / a014$$$$22 05-06-98 21:31:34 jmla AP: JML



385RECOGNITION AND FREE RECALL

TABLE 2

Presentation Frequency Conditions Employed in the Study

Presentation Exposures
frequency Condition Preexposures Study list at testing

One Target — 1 1
distractor 1 — 1

Two Target 1 1 2
distractor 2 — 2

Five Target 4 1 5
distractor 5 — 5

paring a discrimination condition employing five minute distractor task was given during
which subjects entered the names of as manya completely novel distractor, to conditions in

which the distractors have been seen, based cities they could think of into the keyboard.
After the distractor task, they were informedon the possibility that the two conditions may

require different cognitive processes. The for- that they were going to be given a ‘memory
test’ for the next set of items appearing on themer judgment can be made solely on the basis

of occurrence (i.e., ‘‘Have I seen this item in monitor and should make a strong effort to
commit these items to memory. No mentionthis experiment?’’); however, the later requires

a source discrimination (i.e., ‘‘Where have I of type of test was made. Two-thirds of these
items were drawn from the pre-exposureseen this item in the experiment?’’). Addition-

ally, the recognition test contained a set of phase, and subjects were told that they would
recognize many of the items from the earliercompletely novel distractors (0-0) to test this

hypothesis. Importantly, this means that the phase. The items appeared as in the previous
phase and subjects were again required tofrequency of presentation for the targets and

distractors at each level is identical, the critical complete a semantic orienting task. However,
half of the subjects in each experiment per-difference is that the target has been seen in

the study list. This organization resulted in 18 formed the same living/non-living task, and
the other half performed a pleasant/non-pleas-words per condition, with 6 of each lexical

word frequency in each of the conditions. ant judgment task.1 Therefore, within each ex-
Fifty-four words were in the study list. Each

1 In order to ensure that the obtained results were notword appeared equally often in each condition
dependent upon the particular assignment of encodingresulting in seven lists for counterbalancing.
tasks, two additional groups of 18 subjects each were
tested: A same-question group, which made the pleasant/Procedure
unpleasant judgments during both list presentation phases,

Subjects were tested individually, and re- and a different-question group, which made the pleasant/
unpleasant judgments during the pre-exposure phase andsponded via a computer keyboard. In the pre-
the living/nonliving judgments during the study phase.exposure phase they were asked to make se-
These subjects were tested in blocks of six, whereas themantic living/nonliving judgments regarding
original subjects were all tested individually. Both of

individual items presented in the center of the these new groups were first tested with the recall instruc-
computer monitor in large graphic print. Small tions of Experiment 2, and then tested with the recognition

instructions of Experiment 1. The results of the free recallreminders were present at the top left and right
test replicated those of Experiment 2, showing essentiallyof the monitor throughout, to prevent subjects
no improvement in recall accuracy with distinctive encod-from forgetting the appropriate response keys.
ing (mean accuracy was .12 and .15 for the same- and

Subjects were told that many of the items may different-question groups). In addition, the results of the
repeat, however no mention regarding speed recognition test showed the same pattern found in Experi-

ment 1: Greater accuracy for the different-question groupor consistency was made. Following this, a
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periment, there were two groups, One in other half switching tasks between lists. Dur-
ing the test phase, subjects were presentedwhich the subjects received the same orienting

question for distractors and targets and the with words and required to judge whether each
word occurred in the study list and to rate theother in which the question shifted prior to

target study. Study items were presented once, confidence of their responses.
for a total of 54 study list items. Subjects next

Resultsperformed a two minute distractor task in
which they typed in names of famous people For ease of interpretation, initial data analy-

ses were conducted on threshold corrected ac-as rapidly as possible. Finally, subjects were
given a yes/no recognition test for all list items curacy scores (i.e., hits—false alarms). Fol-

lowing this, hit and false alarm rates were(Experiment 1) or a free recall task in which
they entered items into the keyboard (Experi- examined to determine if either differentially

contributed to relevant accuracy effects be-ments 2 and 3). For recognition, subjects first
indicated whether or not each item had ap- tween orienting question groups. All post hoc

comparisons were conducted using Tukey’speared in the target/study list, then made a
three point confidence judgment in which ‘‘1’’ HSD tests with an a level of .05 unless other-

wise noted. Table 3 shows the response pro-indicated they were guessing, and ‘‘3’’ that
they were very sure that the item was in the portions across the independent variables. The

top row of each level shows hit rates and thestudy list. Additionally, subjects in Experi-
ments 1 and 2 were paid based on their perfor- lower row false alarms.

Accuracy. A 2 1 3 1 3 mixed-design AN-mance in order to ensure effortful responding.
Subjects were paid 15 cents for every hit (or OVA with independent variables of orienting

question (same or different), word frequencycorrect recall) and penalized 5 cents for every
false alarm (or intrusion). Performance totals (high, low, and rare), and presentation fre-

quency (one, two, or five exposures prior towere registered in the bottom corner of the
monitor during testing so that participants test) was conducted on accuracy scores. Re-

sults yielded main effects of orienting ques-could track their accuracy. Testing time was
approximately 45 min. tion (F(1,40) Å 18.93, MSe Å .33, p õ .001),

word frequency (F(2,80) Å 12.32, MSe Å .05,
EXPERIMENT 1: RECOGNITION p õ .001) and a modest effect of presentation

frequency (F(2,80) Å 2.9, MSe Å .04, p õThe purpose of this experiment was to ex-
amine the effects of the three critical variables .06). Additionally, there was an orienting

question by word frequency interactiondiscussed in the introduction on recognition
performance. Forty-two subjects participated. (F(2,80) Å 8.05, MSe Å .05, p õ .001). The

main effect of orienting question revealed thatThe three variables examined were presenta-
tion frequency (the number of times items subjects who received a different question

during target list learning trials (MÅ .53) werewere presented within the experimental con-
text—1, 2, or 5 times), preexperimental word more accurate than subjects receiving the

same question (M Å .27). The main effect offrequency (i.e., high, low, or rare frequency
words), and consistency of semantic encoding. presentation frequency showed a trend toward

decreasing accuracy with increased presenta-This last variable was a between-subjects ma-
nipulation, with half of the subjects (n Å 21) tion frequency. Least significant difference

(LSD) tests suggested that the accuracy forperforming the same semantic encoding task
across preexposure and study lists and the the first two levels of experimental frequency

did not differ (M Å .42 and .41, respectively),
but both were greater than the accuracy for

(.40) than for the same-question group (.21). Thus, it
the highest frequency (i.e., least novel) itemswould appear that the particular encoding tasks used did
(M Å .36). The main effect of word frequencynot matter; what did matter was whether or not the tasks

differed between preexposure and study phases. was not interpreted because of the significant
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TABLE 3

Hit and False Alarm Rates for the Variables in Experiment 1

Same-question condition Different-question condition

Presentation frequency
Word

frequency Zero One Two Five Zero One Two Five

High .71 .83 .80 P(Hit) .87 .89 .87
.04 .48 .51 .60 P(FA) .04 .17 .27 .28

Low .75 .78 .79 .80 .83 .83
.02 .37 .48 .53 .00 .22 .27 .30

Rare .51 .63 .79 .56 .69 .63
.04 .26 .40 .56 .06 .19 .22 .29

orienting question by word frequency interac- question and the orienting question by word
frequency interaction noted above. Hit andtion. Simple effects analysis of the orienting

question by word frequency interaction false alarm rates were examined simultane-
ously as a factor (item-type) to avoid the inde-showed that accuracy did not change as a

function of word frequency when orienting pendent interpretation of either which can lead
to spurious conclusions due to between groupquestions remained the same between lists, but

did when orienting questions changed, F(2,40) shifts of response criterion (Gillund & Shif-
frin, 1984; Hirshman & Palij, 1992).Å 18.69, MSe Å .05, p õ .001. For the differ-

ent-question group, both high (M Å .63) and Item-type (hit and false alarm rates) inter-
acted significantly with the main effect of ori-low (M Å .55) frequency words were more

accurately discriminated than rare words (M enting question, F(1,40)Å 18.93, MSeÅ .17, p
õ .001. Simple effects analyses demonstratedÅ .39), but did not significantly differ from

each other. that although the groups did not differ in hit
rates, the same-question group (M Å .46)These effects are illustrated in the top pan-

els of Fig. 1. The superior accuracy of the made significantly more false alarms than the
different-question group (M Å .25), F(1,40)different-question group is evident when ex-

amined across either presentation (panel A) or Å 15.05, MSe Å .30, p õ .001. Therefore, the
majority of the difference in accuracy betweenword (panel B) frequency. Panel A demon-

strates that the improvement resulting from the groups results from the same-question
group being almost twice as likely to commitshifting the orienting question is independent

of the modest impairment that occurs with in- false alarms to preexposed distractors.
Figure 2 shows the hit and false alarm datacreased presentation frequency. This is not the

case for the word frequency. In panel B, it that underlie the orienting group by word fre-
quency accuracy interaction depicted in panelcan be seen that the improvement resulting

from shifting the orienting question is depen- B of Fig. 1. This interaction occurred because
accuracy increased with word frequency fordent on preexperimental word frequency, with

the greatest improvement occurring for the the different-question group, but did not
change as function of word frequency for thehighest frequency items.

Hits and false alarms. Given that accuracy same-question group. Closer inspection of the
hit and false alarm data for each questionestimates can obscure the relative contribu-

tions of hit and false alarm data, further analy- group shows why this occurred (see Fig. 2).
For the same-question group (left panel,sis was conducted to see if either differentially

contributed to the main effect of orienting Fig. 2), word frequency did not interact with
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FIG. 1. Accuracy as a function of orienting question group during the recognition test of Experiment 1
(top panels) and during the free recall test of Experiment 2 (bottom panels). Group performance is shown
as a function of presentation frequency (left panels) and word frequency (right panels). Dashed lines indicate
the performance of the different-question groups, and solid lines show that of the same question groups.
Panel B represents the only significant interaction.

hit and false alarm rates. Therefore the accu- panel, Fig. 2) word frequency significantly in-
teracted with hit and false alarm rates, F(2,40)racy scores for this group (i.e., the difference

between hits and false alarms) did not show Å 18.69, MSe Å .03, p õ .001. The simple
effects analysis of hit rates was significant,an effect for word frequency. However, there

was an overall main effect of word frequency F(2,40) Å 23.43, MSe Å .04, p õ .001. Both
high (M Å .87) and low (M Å .82) frequencyon responding (F(2,40) Å 11.88, MSe Å .04,

p õ .001) that resulted from both high (M Å items were more likely to be correctly en-
dorsed than rare words (M Å .63), but did not.65) and low (MÅ .62) frequency words being

more likely to be endorsed than rare (M Å differ from one another. Thus, the pattern of
hit rates mirrors the bias demonstrated in the.53) words, but not differing from one another.

It is important to remember that this effect same-question group above. However, the
false alarm data for the different-questionoccurred regardless of whether the item is a

target or distractor, and therefore represents a group does not follow this pattern. There was
no simple effect for word frequency on thebias in favor of accepting high and low fre-

quency words over rare words. error rates for this group. Thus the different-
question group was able to correctly rejectFor the different-question group (right
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FIG. 2. Hit and false alarm data underlying the significant question group by word frequency interaction
which occurred in the accuracy scores of Experiment 1.

distractors from all word frequency classes novel distractors are extremely low, did not
differ across orienting question groups, andequally well.

Overall, this pattern of response data ex- for five of the six cells, did not significantly
differ from zero (see Table 3). This is not theplains the orienting question group by word

frequency interaction present in the accuracy case for distractors presented once or more
during the experiment, for which error ratesscores and shown in Fig. 1B. In the case of

word frequency, there is a bias toward ac- are greater than zero for all the cells presented
in Table 3. Furthermore, simple inspection ofcepting high and low frequency words over

rare words. This tendency is present in the hit the table shows that the increase in false alarm
rate as one goes from completely novel dis-rate data for both groups, and in the false

alarm data for the same-question group. How- tractors (zero) to those seen once prior to test-
ing, is often several times larger than any ofever, there is no effect of word frequency on

the false alarm data for the different-question the other increases present, in some cases ex-
ceeding an order of magnitude. In sum, theregroup, which correctly rejects all distractors

equally well. This suggests that this group is is clear evidence suggesting that the relation-
ship between completely novel and preex-able to reject distractors based on categorical

or qualitative information as a result of the posed distractors is either qualitatively differ-
ent or extremely nonlinear. This would con-shift in orienting question. The basis for this

ability will be considered in the discussion. found any comparisons across conditions
employing these different distractor types.Completely novel distractors. Under Gen-

eral Methods, we presented a brief argument
Discussionagainst comparing discrimination accuracy

between conditions which employ completely The effects of presentation frequency on the
same-question group replicate Tulving andnovel distractors to those in which the dis-

tractors have been seen in the experiment con- Kroll (1995), with increased frequency im-
pairing discrimination accuracy. However, thetext one or more times, based on the possibil-

ity that the rejection of the two distractor types effect was considerably smaller than observed
in their study. The current false alarm datamay rely on different cognitive processes.

Comparison of the false alarm data to com- suggest that this resulted because of large dif-
ferences in the ability of subjects to correctlypletely novel distractors with those seen one

or more times in the experiment supports this reject novel distractors versus their ability to
make source discrimination judgments regard-argument. False alarm rates to completely
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ing pre-exposed distractors; the latter being processed on the living/nonliving, and all of
which are judged for pleasantness. Given this,considerably more difficult. These effects

were potentially confounded in Tulving and the most efficient way to exclude distractors
would be for subjects to reject items that theyKroll (1995) because their novel encoding

condition employed completely novel dis- were confident had not been judged for pleas-
antness. It appears that such a task is easiertractors (see Table 1), which may have inflated

the estimates of accuracy in comparison to the for items upon which subjects can be expected
to make meaningful semantic judgments (i.e.,familiar condition in which distractors were

preexposed. high and low frequency) compared to those
we expected to be relatively unfamiliar andShifting the orienting question between pre-

exposure and study lists greatly improved ac- poorly understood (i.e., rare items). However,
it is important to keep in mind, that the sub-curacy, primarily as a result of improving the

different-question group’s ability to correctly jects in the different-question condition are
still considerably better at rejecting rare itemsreject preexposed distractors. This improve-

ment was independent of presentation fre- than those in the same-question condition (see
Fig. 2). Notably absent in the data is the stan-quency, but interacted with word frequency.

If the processes underlying word and presenta- dard word frequency effect for recognition,
where low frequency items are recognizedtion frequency were identical (cf., Kins-

bourne & George, 1974) such a difference better than high frequency counterparts. How-
ever, these effects have typically been ob-should not have occurred. Closer inspection

of the hit and false alarm data underlying this tained in simple recognition tasks employing
novel distractors, and not in the list discrimi-interaction suggested that this difference re-

sulted from the shift in orienting question dif- nation format used here. Given the large dif-
ferences in tasks, and in false alarm rates forferentially affecting the correct rejection per-

formance of the different-question group. In novel versus familiarized distractors noted
earlier, it is not clear whether word frequencythe case of the same-question group, there was

a bias toward selecting high and low fre- effects can be expected to generalize to list
discrimination recognition paradigms.quency items over rare items that occurred

regardless of whether or not the item was actu- The primary goal for introducing the shift
in orienting questions was to improve recogni-ally studied (see also Mandler, 1982). How-

ever, this bias was only evident in the hit rate tion via an improvement in recollection per-
formance. This was based on the assumptiondata of the different-question group, whose

ability to correctly reject distractors did not that a large portion of what subjects remember
when they see a test item is the nature of theirdiffer across word frequencies (see Fig. 2). If

we assume that the mechanism underlying this previous encounter with it. If the semantic ori-
enting task remains fixed between preexpo-selection bias is present throughout testing,

then the effective reduction in false alarm rates sure and study lists, this information will be
rather limited in its contribution to list dis-is actually greater for high and low frequency

items compared to rare in the different-ques- crimination; shifting orienting tasks should al-
leviate this. However, our previous analysistion group. The explanation of such an effect

critically relies upon the process by which and discussion has been largely focused on
the effects of such a shift on items encodedshifting orienting question improved the ex-

clusion of distractors. The fundamental differ- before the manipulation, namely, preexposure
list distractors. This is important because theence between targets and distractors following

such a shift in the current paradigm is the term ‘‘recollection’’ is often taken to mean the
retrieval of qualitative information regarding anature of semantic processing performed upon

them. Distractors are processed exclusively on study event. Such a definition makes consider-
able sense in the typical remember/know para-the living/nonliving dimension, in contrast to

targets in which two thirds of the cases are digm where remembering is based on infor-
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mation regarding the simple occurrence of If this latter process is largely absent during
free recall, shifting the orienting question mayitems within the experiment because the dis-

tractor pool is usually completely novel to the not greatly benefit performance. Failure to see
an improvement would also suggest that theexperiment context. From this, it becomes nat-

ural to equate remembering solely with the retrieval or selection processes differed across
the two paradigms. Thus Experiment 2 repli-retrieval of information of target occurrence.

This may be problematic for at least two rea- cates Experiment 1 with the only difference
in procedure being a new group of 42 subjectssons. First, it leaves unspecified what aspect

of the previous occurrence the subject is ac- were given a 5-min free recall test during
which they entered items into the keyboard.cessing; that is, what is the nature of the infor-

mation by which subjects make a judgment of The experimenter corrected any spelling er-
rors and the program then automatically‘‘I remember?’’ Second, this emphasis over-

looks the processes contributing to the correct scored the subject’s performance after each
response, adding 15¢ for each correct recallrejection of distractors. Are these items dis-

missed on the basis of recollection, familiar- and subtracting 5¢ for each intrusion. The total
number of correct recalls, the total numberity, or both? The current design closely resem-

bles the process dissociation procedure of Ja- of intrusions, and the total amount of money
earned was shown on the monitor after eachcoby and colleagues (e.g., Jacoby, 1991;

Jacoby et al., 1994) and as such equates recol- response.
All other conditions and materials werelection with the use of qualitative information

in controlled responding. The results of Ex- identical to the recognition experiment. All
post hoc comparisons were conducted usingperiment 1 suggest that the degree to which

retrieved information can be held to be exclu- Tukey’s HSD tests, with an a level of .05
unless otherwise noted.sive, or source distinctive, is a determining

factor in the contribution of recollection to
Resultsperformance and that this applies not only to

targets, but to potential distractors as well. Accuracy. Typically, statistical analysis for
recall is conducted on the proportion of correctThis point will be explored further under Gen-

eral Discussion. items produced, without correcting for intru-
sion errors prior to analysis. This is to be ex-

EXPERIMENT 2: RECALL pected, since most researchers have no a priori
reason to expect intrusions from a particularGiven the results of Experiment 1, we were

interested in observing the effects of the same source. However, in the current study we an-
ticipated that preexposure list intrusionsmanipulations on free recall performance.

Both the dual process models of Mandler would constitute the majority of errors, and
indeed, greater than 70% of the errors were(1980) and Jacoby (1991) hold that discrete

retrieval processes contribute to recognition from that source. Therefore, we corrected re-
call scores, as in recognition, by subtractingperformance. However, the model of Mandler

assumes that this process is comparable to that the number of preexposure list intrusions from
the proportion of correctly recalled items. Ta-which occurs during free recall, provided the

study conditions and materials are similar. If ble 4 lists both the correct recall and the intru-
sion rates across the variables examined. Asthis is the case, we would expect that shifting

the orienting question would improve recall in Experiment 1, following accuracy analysis,
effects of interest were broken down into cor-performance. However, the results of Experi-

ment 1 demonstrated that this improvement rect recall and error rates to determine if either
predominantly carried the effect.was due in large part to facilitation of the

correct rejection of preexposed distractors and A 2 1 3 1 3 mixed-design ANOVA with
independent variables of orienting questiontherefore the shift reduced the subject’s sus-

ceptibility to familiarity induced false alarms. (same or different), word frequency (high,
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TABLE 4

Correct Recall and Intrusion Rates for Experiment 2

Same-question condition Different-question condition

Presentation frequency
Word

frequency One Two Five One Two Five

High .11 .18 .41 P(Correct recall) .20 .25 .40
.02 .06 .07 P(Intrusion) .03 .02 .07

Low .10 .14 .33 .07 .19 .28
.02 .02 .06 .01 .01 .02

Rare .01 .10 .32 .06 .11 .22
.00 .01 .06 .00 .00 .01

low, and rare), and presentation frequency recall increases more rapidly than proactive
interference as a function of preexposure (An-(one, two, or five exposures prior to test) was

conducted on corrected recall (items recalled derson & Bower, 1972), that high frequency
words are recalled more often than low fre-minus intrusion errors). Results revealed no

main effect of orienting question, with sig- quency words (Gregg, 1976), and that intru-
nificant main effects of word frequency sion or list differentiation errors during free
(F(2,80) Å 10.45, MSe Å .03, p õ .001) and recall tasks are relatively rare (for brief re-
presentation frequency, F(2,80) Å 41.89, MSe view, see Winograd, 1968). What may be
Å .03, p õ .001). There were no significant somewhat surprising is that shifting the orient-
interactions. Recall was greater for high fre- ing task did not benefit free recall perfor-
quency words (M Å .22) than low frequency mance, especially since subjects had to per-
(M Å .16) or rare words (M Å .12). Addition- form distinctive encoding in order to satisfy
ally, recall accuracy increased as a function the requirements of the new semantic orient-
of presentation frequency. Items seen five ing task. However, the study lists were un-
times (M Å .28) were recalled better than structured and distinctive encoding of individ-
those seen twice (M Å .15), which in turn ual items, which does not result in relational
were recalled better than those seen only once or increased elaborative encoding, may not
(M Å .08) prior to test. These accuracy effects yield increases in free recall performance
are illustrated in the bottom row of Fig. 1. (e.g., Hunt & Smith, 1996; Tulving, 1983).

Correct recall and intrusion errors. Inspec- This point will be further addressed under
tion of Fig. 3 shows the behavior of correct General Discussion.
recall and intrusion errors as a function of Overall, these differences in free recall ver-
presentation and word frequency. Based on sus the recognition performance in Experi-
this figure, and the data in Table 4, it is clear ment 1 resulted in a double dissociation of the
that the changes in accuracy noted above pri- two types of task (see Fig. 1). Whereas mild
marily reflect modulations in the correct recall impairments with increasing presentation fre-
of information, and not intrusion errors.2 quency were observed for recognition, this

manipulation resulted in increased free recallDiscussion
performance. The opposite pattern of resultsOverall, the recall results are consistent
was observed when the orienting question waswith early research demonstrating that correct
shifted between distractor and target lists;
shifting the question greatly improved recog-2 The uniformly low error rates prevented statistical
nition performance, but left free recall unaf-analysis due to violations of the distributional assump-

tions of ANOVA. fected. This finding, that the effects of distinc-
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FIG. 3. Correct recall versus intrusion recall as a function of presentation (left panel) and word (right
panel) frequencies. Scores are averaged over same- and different-question groups.

tive encoding operate differently during rec- items do not lead to intrusion errors. We ex-
plored these two possibilities by repeating theognition and recall, suggests that the retrieval

processes embodied in each task must differ earlier recall experiment with a different
group of subjects—with one critical change.(cf. Mandler, 1980). The possible nature of

relationship between these retrieval processes In this experiment, just prior to testing, sub-
jects were informed that the previous instruc-is considered under General Discussion.
tions to focus only on the target list were inac-

EXPERIMENT 3: TOTAL RECALL curate. Instead, they should report all items
that came to mind, regardless of list origin.The previous results demonstrated a marked

dissociation between the recognition and re- We reasoned that if subjects could provide
considerably more distractor items than in thecall performance in this task. One of the pri-

mary reasons for this difference is that the previous experiment, this would provide some
evidence that distractor candidates are avail-deleterious effects of distractor preexposure

during free recall are small compared to those able, but do not induce responses. If the totals
were not different, it would suggest that theyencountered during recognition. Presumably

this pattern occurs because the subjects who can not retrieve these items in the first place,
thus intrusion errors are rare because dis-are performing the recognition task can be

lured into selecting distractors based on their tractors are not retrievable.
familiarity, in absence of recollection of infor-

Resultsmation which definitively identifies item
source. The goal of the third experiment was Table 5 shows the recall proportions for the

study and preexposure lists, across the vari-to help determine why preexposure of dis-
tractors does not lead to a greater number of ables.

A 2 1 2 mixed ANOVA with independentintrusion errors in free recall. For purposes of
continuity, we will continue to use the terms variables of experiment group (selective re-

call-Experiment 2 or total recall-Experiment‘‘distractor’’ and ‘‘target’’ despite the fact that
the items are not physically present during 3) and item-type (target and distractor) was

conducted on recall proportions. Resultsrecall testing. It is possible that the low error
rate during recall indicates that subjects are yielded main effects for group (F(1,40) Å

17.29, MSe Å .001, p õ .001) and item-typesimply unable to retrieve distractors on which
to err. Alternatively, it may be that they are (F(1,40) Å 445.30, MSe Å .001, p õ .001)

and a group by item-type interaction, F(1,40)able to retrieve these candidates, but that these
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TABLE 5

Proportion Recalled from Study and Preexposure-Only Lists for Experiment 3

Same-question condition Different-question condition

Presentation frequency
Word

frequency One Two Five One Two Five

High .14 .24 .42 P(Study list) .15 .28 .53
.06 .10 .23 P(Pre-Exposure-Only) .05 .10 .17

Low .09 .16 .34 .13 .18 .28
.02 .06 .12 .02 .03 .19

Rare .05 .08 .33 .04 .10 .31
.01 .02 .14 .02 .04 .06

Å 5.56, MSe Å .001, põ .05. For the group by in fact available for retrieval, but do not trig-
ger errors as in recognition. Furthermore, evenitem-type interaction, simple effects analysis

revealed that the groups did not differ in the when subjects are instructed to produce these
items, recall for the originally intended targetsnumber of study list items produced, however,

subjects instructed to recall all possible items still increases more rapidly as a function of
generated more pre-exposure items (M Å .08) presentation and word frequency. The fact that
than subjects instructed to provide target items even when instructed to do so, subjects could
only (M Å .03), F(1,40) Å 35.35, MSe Å .001, only provide a small percentage of the dis-
p õ .001). This suggests that a small portion tractor items shows that a large proportion of
of distractor items (5%) were indeed available these items are unavailable by the time testing
to subjects for recall in Experiment 2, but that begins. The reason for this is unclear. One
they did not trigger intrusions. We reasoned possibility is that the instruction for subjects
that the preexposure items provided in this to focus exclusively on the target list for re-
experiment represented an upper bound of membering results in a disproportionate de-
possible intrusion errors that could have oc- gree of elaborative rehearsal or maintenance
curred. That is, subjects would be unable to processes between the two lists. This may re-
make intrusion errors at a higher rate than sult in fewer effective retrieval cues for the
this, because this is the maximum number of first list and make intentional retrieval difficult
distractor items they are able to intentionally (e.g., directed forgetting). Alternatively, sub-
provide. However, even when these responses jects may have simply forgotten the preexpo-
are treated as true intrusions and recall rates sure list items over the course of the study list
are ‘‘corrected,’’ the data still show an in- learning. In any case, it is clear that during
crease in accuracy as a function of increasing free recall in this paradigm, subjects are not
experimental frequency, F(2,80)Å 33.98, MSe spontaneously generating large numbers of
Å .03, p õ .001. Again, this is opposite to distractor items and then subsequently re-
the pattern observed during recognition. As jecting them based on source considerations.
in Experiment 2, this increase occurs because Given this, the processes which facilitated the
correct recall rates of target items rise more correct rejection of familiar distractors in Ex-
quickly than those of non-target items as items periment 1 appear to be largely unnecessary.
are familiarized—even when subjects are try- Because overall the error rates were low in
ing to recall non-target items. both recall experiments, one might infer that
Discussion the null effect of shifting the orienting ques-

tion was the result of floor effects on intrusionOverall, the results suggest that a small pro-
portion (approximately 5%) of distractors are rates. However, ‘‘intrusion’’ rates for the
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highest presentation frequency in Table 5 are preexposure list is not useful for identifying
targets. Furthermore, processing task informa-well above floor, and yet there is no consistent

reduction in intrusions as a result of shifting tion is likewise ineffective because the same
semantic orienting task is used across lists.the orienting question. Nevertheless, it re-

mains to be seen whether such a null effect Based on these considerations, we expected
the contribution of recollection to perfor-would be preserved in the face of substantially

higher intrusion rates. mance to be relatively low, and conversely,
the influence of familiarity processes during

GENERAL DISCUSSION responding to be relatively high. Inspection
of the recognition performance of the same-The current study raises critical questions

regarding both the processes underlying rec- question group (top panels Fig. 1) shows this
to be the case. This group has considerableognition and the relationship of these pro-

cesses to those occurring during free recall. difficulty discriminating targets from dis-
tractors, which was exacerbated by both beingIn the case of recognition, it was determined

that shifting the orienting question improved seen an equal number of times within the ex-
periment. Shifting the orienting questionrecollection, benefiting target and distractor

discrimination. Closer inspection of the data served to improve the distinctiveness of the
processing between target and distractor lists,also revealed that this benefit was not carried

in the hit rates, but in the improved ability of and enabled subjects to more efficiently reject
familiar distractors. It is important to remem-the different-question group to correctly reject

familiar distractors. One approach to ex- ber that distractors were encoded identically
in the two groups, and therefore the increasedplaining this phenomenon is to employ the

construct of distinctiveness (Hunt & McDan- ability of the different-question group to reject
distractors was the result of processes whichiel, 1993). From this perspective, recollected

information will only contribute to perfor- took place after encoding. This highlights a
point that is sometimes obscured in dual pro-mance when it can be used to unambiguously

determine item source. cess research. Namely, that estimates of recol-
lection do not directly reflect the amount ofIn the typical process dissociation paradigm

(Jacoby, 1991), considerations of source dis- qualitative information retrieved during item
presentation, but rather the usefulness of thistinctiveness are not germane because the di-

mension on which subjects must include or information in terms of selective responding
(Jacoby, 1991). Indeed, given that distractorsexclude items is directly related to qualitative

processing differences between the encoded were encoded identically in the two orienting
question groups, it is likely that the informa-items during study (e.g., male vs female

voice). Recollection is estimated by the ability tion directly retrieved is similar for each.
However, the information is not equivalent inof subjects to exclude items processed in a

particular manner, despite the fact that their terms of its distinctiveness or task utility. It is
only when subjects could reject items becauseexposure within the experimental context will

make them somewhat familiar. In this case, if they have not been encoded on a second, and
different semantic dimension that perfor-a subject remembers the task performed with

the item, uncertainty is completely eliminated mance improved.
Although we have argued that source dis-during responding. This high degree of exclu-

sivity or source distinctiveness is largely ab- tinctiveness critically affects the usefulness
and, hence, expression of recollection, directsent in the preexposure paradigm of Tulving

and Kroll (1995) and its variant used here estimates of recollection have not been de-
rived. One method to obtain such estimates(same-question condition, Experiment 1).

Given that the study pool is partially drawn (outlined in the Appendix) is to fit the
observed receiver operating characteristicsfrom the items shown during preexposure, re-

membering that an item occurred during the (ROCs) of each group with a mathematical
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FIG. 4. Observed receiver operating characteristics (ROCs) for the same (squares) and different (circles)
orienting question groups. Solid lines indicate the fit of the dual process, signal detection model.

model that assumes the independent contribu- 15-fold increase over the same-question con-
dition, where recollection is only .03. Impor-tions of a threshold recollection and signal

detection based familiarity process to perfor- tantly, this does not mean that subjects in the
former condition remembered 15 times moremance. This dual process, signal detection

model has received considerable use in the information than those in the latter, merely
that what was remembered was decidedlyrecognition literature (e.g., Yonelinas, 1994;

Yonelinas, Regehr, & Jacoby, 1995) and pro- more useful for discriminating when orienting
questions shifted. The estimate of familiarityvides estimates of familiarity in terms of d*

and recollection in terms of a simple probabil- also increased from same to different-question
ity. The observed ROCs for the two question
groups in Experiment 1 are plotted in Fig. 4

TABLE 6
along with the functions generated by the

Parameter Estimates and Sum of Squared Errors ofmodel. Table 6 shows the parameter estimates
Prediction for Dual Process Equal Variance Signal Detec-of recollection and familiarity for each group,
tion Model

along with the errors of prediction. The results
are consistent with our contention that the Orienting

question SSe d* Rshift in orienting question primarily benefited
recollection, and that the contribution of recol-

Same 0.0004 0.67 .03lection in the same-question condition was
Different 0.0002 0.86 .47

necessarily quite low. In the case of the differ-
ent-question condition the recollection esti- Note. SSe, Sum of squared errors of prediction; R, rec-

ollection.mate is .47 which represents greater than a
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conditions, although the increase was rela- sorting items by size). We will refer to this latter
type of distinctive encoding as relational. Dis-tively modest compared to that observed in

recollection. tinctive encoding which is item specific provides
relatively poor free recall retrieval cues com-The model underlying the ROC analysis as-

sumes that recollection and familiarity are in- pared to relational encoding, which serves to
increase intralist associations. Both tasks em-dependent, and this is consistent with the

finding that recollection can be used to reject ployed in the current study focused only on item
specific information, thus switching tasks wouldthe familiar. That is, if the two processes are

independent, then there will be some propor- not serve to increase relational processing and
improve recall. The current study extends thesetion of items that elicit both recollection and

familiarity. To the extent that the recollected notions by demonstrating that this is clearly not
the case for recognition, which benefited frominformation is distinctive, subjects can use it

as a basis for the control of behavior (cf., Ja- the listwise distinctiveness of item specific en-
coding, despite its non-relational and non-orga-coby, 1991) and more efficiently reject lures

despite their familiarity. The fact that the dis- nizational nature. In this instance, distinctive en-
coding relative to that performed on the dis-tinctiveness of recollected information affects

the behavioral expression of familiarity nei- tractor pool, greatly improved performance by
making recollected information useful for re-ther requires, nor suggests that the two are

related at the process level. Analogously, the sponding.
Examination of the results of Experiments 1notion that observers may adopt a strict re-

sponse criterion, which will necessarily re- and 2 show that all three of the critical variables
dissociated across recognition and recall (seeduce observed hit and false alarm rates, does

not indicate that decision bias and discrimina- Fig. 1). In the case of presentation frequency, it
mildly impaired recognition while improvingtion processes are related. In fact within signal

detection theory (SDT), the two are explicitly free recall. Increases in word frequency served
to improve recall. This also improved recogni-assumed to be independent.

With respect free recall, the results of Experi- tion, but only in the case were the orienting
question shifted between lists. Finally, a shift inment 2 were in accord with previous research

on the effects of word frequency, presentation orienting questions greatly elevated recognition
performance, but did not benefit free recall. Thefrequency, and distinctive encoding on recall

performance. Most notably, shifting the orient- reason underlying these differences revolves pri-
marily around the fact that recognition perfor-ing task did not improve recall performance.

The lack of recall improvement with distinctive mance is highly susceptible to the influences
of familiarity during item selection, especiallyencoding may appear somewhat surprising,

however, given that the new orienting task did when either recollection is low, or its usefulness
limited. Such a pattern has also been demon-not require relational encoding among the study

list items above that required when the orienting strated in organic amnesia (e.g., Huppert &
Piercy, 1976, 1978). Indeed, both the shape oftask remained fixed, there would be no reason

to expect an increase in recall performance. the ROC, and the estimates of recollection and
familiarity observed in the same-question groupHunt and McDaniel (1993) argued for at least

two types of distinctive encoding processes dur- (see Fig. 3 and Table 5), are consistent with the
performance of subjects we have tested whoing recall paradigms. The first can be said to be

item specific, in which the encoding task forces suffer from memory impairment as a result of
cerebral vascular accident (Yonelinas, Kroll,the subjects to consider the individual attributes

of each item (e.g., living/non-living judgments). Dobbins, Lazzara, & Knight, in press).
This strong influence of familiarity is decid-The second also requires consideration of the

individual attributes, however, these are then edly absent in recall performance in the cur-
rent study, and even when instructed to do so,used in a comparison process along a particular

dimension common to all list members (e.g., subjects cannot intentionally provide enough
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‘distractor’ items to mimic recognition effects. tion model of recognition can be found in
Jacoby, Toth, and Yonelinas (1993); Yoneli-At present, it is unclear why it is so difficult

to induce intrusions during free recall. One nas (1994); Yonelinas, Regehr, and Jacoby
(1995); and Yonelinas, Dobbins, Szymanksi,suggestion, offered by Koriat and Goldsmith

(1994), is based on the notion that subjects Dhaliwal, and King (1996). In this Appendix
we provide a brief description, along with thetypically withhold responses about which they

are unsure during free report conditions. equations necessary for the empirical curve
fitting discussed in the paper.Again, however, given the results of Experi-

ment 3, this appears not to be a major factor The dual process signal detection model is
based on the assumption that recognition per-in the current study because subjects are

clearly not holding back large numbers of in- formance is based on the independent contri-
bution of recollection and familiarity. Famil-correct responses during free recall. A second

factor identified by Koriat and Goldsmith iarity reflects and equal-variance signal detec-
tion process of the type that underlies standard(1994) involves the distinction between selec-

tion and production processes in memory re- d* tables. Recollection, on the other hand, re-
flects the retrieval of qualitative informationport. In the case of selection (i.e., recognition),

we have employed dual process models as ex- about the study event. Because the two pro-
cesses are assumed to be independent, theplanatory constructs. With regard to the pro-

duction processes underlying free recall, we probability of accepting an old item as old
(i.e., a hit), is equal to the probability that thehave little to add to early research (see Wino-

grad, 1968) suggesting that the free recall of item is recollected (R), or the probability that
the item is not recollected (10 R), but exceedsitems during list discrimination paradigms is

typically accompanied by accurate identifica- the subject’s response criterion for endorsing
familiar items (F0 ú c):tion of source; especially at short retention

intervals.
The current study, and research employing P(‘‘old’’ É old)Å R/ (10 R)(F0ú c) (1)

the process dissociation paradigm (Jacoby,
1991, 1994), highlights the importance of

Given that the subject adopts a certain famil-
recollection processes in the control of re-

iarity criterion, there will be some new items
sponding. This becomes readily apparent

that exceed the criterion and these items will
when the functional distractors are preexposed

be incorrectly accepted as old. Thus the proba-
to the subject within the experiment context.

bility of accepting a new item as old (i.e., a
In the absence of recollective control, subjects

false alarm) will be equal to the probability
are quite vulnerable to errors based on famil-

that the familiarity of the new item exceeds
iarity. Such potentially competitive processes

response criterion:
may often not play an appreciable role during
free recall. Consequently, it would appear to

P(‘‘old’’ É new) Å (Fn ú c) (2)be a mistake to directly relate recollection
estimates with free recall performance (cf.,
Mandler, 1980), or to assume that recognition Because familiarity is assumed to reflect an

equal variance signal detection process, theand free recall rely entirely on the same neuro-
cognitive system. familiarity components can be replaced by

formulae representing the portion of old and
APPENDIX

new item normal distributions which exceed
Using the Dual Process Signal Detection the observer’s criterion, (F0 ú c) Å F(d*/2 0

Model to Estimate the Contribution of c) and (Fn ú c) Å F(0d*/2 0 c) (see Macmil-
Recollection and Familiarity to Recognition lan & Creelman, 1991, for a detailed discus-

sion of signal detection theory). SubstitutingExtensive reviews of the logic and equa-
tions underlying the dual process signal detec- these terms into Eqs. (1) and (2) and sub-
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of similarity and repetition on memory: Registrationtracting Eq. (2) from Eq. (1) leads to the fol-
without learning? Journal of Experimental Psychol-lowing equation:
ogy: Learning, Memory, & Cognition, 18, 667–680.

Hirshman, E., & Palij, M. (1992). Rehearsal and the word
P(‘‘old’’ É old)Å P(‘‘old’’ É new)/ R frequency effect in recognition memory. Journal of
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