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The hypothesis is tested that the memory processes involved in recognition judgments in the process
dissociation procedure are the same as those involved in standard source-monitoring tasks. It is shown
how source-monitoring response categories can be mapped onto process dissociation response cate
gories. On the basis of this observation, an experiment was conducted in which it was possible to com
pare, using a multinomial modeling approach, the parameters representing memory processes in the
process dissociation procedure with those involved in source monitoring. For the two different en
coding conditions realized, the results are compatible with the hypothesis that the same processes are
involved in source monitoring and in recognition judgments in the process dissociation procedure. Im
plications for the interpretation of the model's parameters are discussed.

Jacoby (1991) has proposed an experimental procedure
designed to decompose observable task performance into
two underlying memory processes, one usually called
"conscious" or "controlled," the other usually called "un
conscious" or "automatic." This process dissociation pro
cedure is quite popular, and it has been applied success
fully to a great variety of experimental situations such as
the Stroop task (Lindsay & Jacoby, 1994), name judg
ments (Wippich, 1994), fame judgments (e.g., Buchner &
Wippich, 1996; Jennings & Jacoby, 1993), truth judg
ments (Begg, Anas, & Farinacci, 1992), word stem com
pletion (e.g., Debner & Jacoby, 1994; Toth, Reingold, &
Jacoby, 1994), lexical decision (Vaterrodt-P1iinnecke,
1994), memory search (Yonelinas & Jacoby, 1995), and
many other tasks.

This article is concerned with yet another application
of the process dissociation procedure. In introducing the
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procedure, Jacoby (1991) used a recognition task to show
how "to separate the effects of recollection from those of
familiarity" (p. 527) in recognition performance. Several
other researchers have since used the process dissociation
procedure in connection with recognition judgments
(Buchner, Erdfelder, & Vaterrodt-P1iinnecke, 1995; Her
tel & Milan, 1994; Hintzman & Curran, 1994; Komatsu,
Graf, & Uttl, 1995; LeCompte, 1995; Verfaellie & Tread
well, 1993; Yonelinas, 1994). In this particular applica
tion, the process dissociation procedure seems to share
important features with source-monitoring tasks (cf. John
son, Hashtroudi, & Lindsay, 1993), suggesting the possi
bility that the same memory processes may be involved
in the performance of both types of tasks.

Our goal was to investigate this possibility empirically.
In what follows, we first describe the feature overlap be
tween source-monitoring tasks and the process dissocia
tion procedure as applied to recognition judgments. More
precisely, we show that, in principle, the response cate
gories in a typical source-monitoring task can be mapped
onto the response categories ofprocess dissociation experi
ments using a recognition task. This suggests the possi
bility that the latter task can be "mimicked" by the former.
Subsequently, we present an experiment that was designed
to test directly the hypothesis that the feature overlap de
scribed in the first section is paralleled by a match in the
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Table 1
Illustration of How Response Categories in a

Source-Monitoring Task Can Be Mapped Onto the
Response Categories in the Two Test Conditions in the
Process Dissociation Procedure for a Recognition Task

instance, one may consciously recollect that a certain
word has been encountered in the experiment before, but
simply misjudge it as a heard word from Phase 2 when in
fact it is a word that was read in Phase 1. This may be con
ceived of as a classical example of source confusion.

From this perspective, we may wonder whether there is
any difference between the memory processes involved
in recognition judgments in the process dissociation pro
cedure and those involved in typical source-monitoring
tasks. In fact, if we assume that there is no difference in
the processes contributing to performance in both types
of tasks, it is easy to show how we may recoverold and new
responses for a process dissociation design from source
monitoring data. This is illustrated in Table 1.

For the present purposes, it is sufficient to consider re
sponses to Phase I words and to distractors, and it seems
convenient to continue assuming that words have been read
in Phase 1 and heard in Phase 2. The first row in Table 1
illustrates that whenever subjects would correctly recog
nize a Phase 1 word as a read word, they would respond
"Phase 1" in a source-monitoring task, "old" in the in
clusion condition of the process dissociation procedure,
and "new" in the exclusion condition of the process dis
sociation procedure (because Phase I words must be "ex
cluded"). If they recollected a read word but misjudged
its source and classified it as a heard word, they would
respond "Phase 2" in a source-monitoring task, and "old"
in both the inclusion and exclusion conditions ofthe pro
cess dissociation procedure. Finally, if subjects erro
neously thought that a read word was a distractor, they
would respond "new" in a source-monitoring task as
well as in both test conditions ofthe process dissociation
procedure.

The same mapping applies to judgments about distrac
tors. If subjects falselybelieved that a distractor was a word
they had read in Phase 1, they would respond "Phase 1"
in a source-monitoring task, "old" in the inclusion and
"new" in the exclusion test conditions ofthe process dis
sociation procedure. Ifthey mistook it for a Phase 2 word,
they would respond "Phase 2" in a source-monitoring
task and "old" in both the inclusion and the exclusion
test conditions of the process dissociation procedure. Fi
nally, if subjects correctly concluded that they had never
encountered a distractor word in the experiment, they
would respond "new" in a source-monitoring task as

Source- Process Dissociation Response

Monitoring Inclusion Exclusion
Response Condition Condition

memory processes involved in task performance. To an
ticipate, our empirical results indicate that recognition
judgments in the process dissociation procedure involve
essentially the same memory processes as do source dis
crimination judgments. Moreover, it appears that appli
cations of the process dissociation procedure to recogni
tion tasks may be considered redundant, given standard
source-monitoring tasks. We close by arguing that analy
ses of recognition data in terms of source-monitoring
measurement models may be more profitable than analy
ses based on process dissociation models.

When the process dissociation procedure is applied to
a recognition memory paradigm, the minimum require
ment is that there be at least two classes of items in the
acquisition phase. For instance, subjects could read some
words and hear others. Typically, the acquisition phase is
divided into two distinct phases, and subjects process
one class of items in each of these phases. For instance,
they could read words in Phase I and hear words in
Phase 2. One item class is often considered critical in that
subjects' responses to items from this class, but not from
the other class, are used for measurement purposes. For
the present illustration, we assume that the Phase I items
are the critical acquisition phase items.

In a subsequent recognition test, subjects respond to
the critical Phase I items, to Phase 2 items, and to distrac
tor items. The process dissociation procedure requires two
different test conditions. In the inclusion test condition,
subjects are instructed to call an item old if it was stud
ied in Phase 1 or in Phase 2. Distractors must be called
new. In the exclusion test condition, subjects are instructed
tojudge an item old only ifit was presented during Phase 2.
In contrast, Phase 1 items must be called new (i.e., they
must be "excluded"). The same is true for distractors.

According to Jacoby (1991), consciously controlled
and uncontrolled familiarity-related processes contribute
to recognition judgments. (Wewill ignore the possibility
of plain guessing for the moment.) The process dissoci
ation procedure, in combination with an appropriate mea
surement model, is seen as a tool to estimate separately
the contributions of the two types of processes. The in
clusion test condition represents a facilitation paradigm
in which both types of processes may operate "in con
cert." An item is accepted as old on the basis of a con
trolled recollection or because of an automatic assessment
of its familiarity. The exclusion test condition represents
an interference paradigm in which the two process types
are said to be put "in opposition." In this condition, sub
jects try to reject the critical acquisition phase items when
ever they can identify them as old. If they nevertheless
accept such an item as old, this is assumed to represent the
operation of an unconscious and automatic process con
tributing to item familiarity that could not be counter
acted by a controlled recollection.

However,one might also reason that critical acquisition
phase items are accepted in the exclusion test condition
because, although the item is consciously recollected as
an item that had been encountered in the experiment be
fore, one simply confuses the presentation contexts. For

Item Type

Phase I word

Distractor word

Phase I
Phase 2
new
Phase I
Phase 2
new

old new
old old
new new
old Ill>

old old
new new
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well as in both test conditions of the process dissociation
procedure.

In order to test whether this reasoning is correct, we
may take the response frequencies obtained in a source
monitoring task, use the mapping rules illustrated in
Table 1 to aggregate them, and thus reconstruct the re
sponse frequencies as they would result from a process
dissociation experiment. We can then use these recon
structed frequencies to estimate the parameters represent
ing the memory processes involved. If the assumptions
underlying the preceding analysis are correct, the mem
ory parameters as estimated from the reconstructed re
sponse frequencies should be equal to the memory pa
rameters as estimated from genuine process dissociation
response frequencies.

The following experiment was designed to test this pre
diction. It was modeled after that presented by Jacoby
(1991) to introduce the process dissociation procedure.
In Phase 1, the critical acquisition phase of our experi
ment, subjects read a list of words and solved anagrams.
In Phase 2, they memorized a list of heard words for a
later recognition test. One half of the subjects were then
transferred to the typical process dissociation test pro
cedure, in which they received either inclusion or exclu
sion instructions and the response categories were old
and new, as described above. The second half of the sub
jects received standard source-monitoring instructions,
according to which words had to be classified as Phase 1,
Phase 2, or new. These subjects were again divided ran
domly into two groups. The responses from one group
were mapped, according to the mapping rules illustrated
in Table 1, onto the process dissociation response cate
gories as if they had been obtained in an inclusion test
condition, whereas the responses from the other group
were mapped onto the process dissociation response cat
egories as if they had been obtained in an exclusion test
condition.

For the process dissociation and the source-monitoring
groups, the parameters representing the memory processes
involved were estimated from the observed and the recon
structed responses, respectively. We took a multinomial
modeling approach to estimating the model parameters
(e.g., Hu & Batchelder, 1994; Riefer & Batchelder, 1988),
and the measurement model underlying the parameter
estimates was the extended model suggested by Buchner
et al. (1995) for the process dissociation procedure. The
model is illustrated in Figure 1 in the form of a general
processing tree model. It differs from Jacoby's (1991) orig
inal suggestion, in that it includes guessing parameters to
take possible response biases into account. When the ex
tended model is applied to recognition judgments, param
eter c denotes the unconditional probability of recollect
ing a critical acquisition phase item. Parameter uc+ denotes
the conditional probability ofuncontrolled processes re
sulting in a feeling offamiliarity, given that a critical ac
quisition phase item has already been recollected. This
parameter can be ignored for the present purposes because
it does not influence subjects' responses.' Parameter Uc

represents the conditional probability of uncontrolled pro-

cesses leading to a cognitive state in which a critical acqui
sition phase item is accepted, given that it has not been
recollected. Finally, parameters gj and ge represent the
probabilities of guessing that an item is old, given that it
is neither recollected nor familiar in the inclusion and
exclusion test conditions, respectively.

Briefly,the model assumes that old responses to Phase 1
items in the inclusion test condition can result (l) if the
item is recollected, which occurs with probability c; (2) if
the item is not recollected but appears familiar, which
occurs with probability (1 - c) uc- ; or (3) if the item is
neither recollected nor seems familiar but it is guessed
that the item is from Phase 1, which occurs with proba
bility (1 - c) (1 - uc- ) gj' Distractors cannot be recol
lected and cannot seem familiar. Thus, old responses to
distractors are the result of guessing that an item is old,
which occurs with probability gj' The model assumes
further that old responses to Phase 1 items in the exclu
sion test condition can result only if the item is not rec
ollected but appears familiar, which occurs with proba
bility (1 - c) uc- ' or because of guessing when an item
neither is recollected nor seems familiar; this occurs with
probability (1 - c) (1 - uc- ) ge' Old responses to dis
tractors which cannot be recollected and cannot seem fa
miliar are the result ofguessing that an item is old, which
occurs with probability ge' For the demonstration that
the extended model provides for identifiable parameters
representing the memory processes (i.e., c and uc- ) as
well as the guessing processes (i.e., gj and ge)' and for fur
ther details, see Buchner et al. (1995).

METHOD

Subjects
The subjects were 36 female and 28 male persons, 39 of whom

were students at the University of Trier who either volunteered or
received course credit for participating in the experiment. The re
maining 25 subjects were recruited from a pool of nonstudent vol
unteers. The subjects ranged in age from 18to 57 years (M = 27.22,
SD = 5.81). They were assigned at random to one of the following
four experimental groups: the process dissociation, inclusion test
group; the process dissociation, exclusion test group; the source
monitoring, inclusion test group; and the source-monitoring, ex
clusion test group.

Stimuli and Apparatus
A set of 100 words was selected from a pool of words scaled for

word frequency and concreteness (Baschek, Bredenkamp, Oehrle,
& Wippich, 1977). All words were five-letter German nouns in sin
gular form. These were assigned to four lists of 25 words each as
follows. First, all words were ranked for both word frequency and
concreteness. Then, the first four words of this list were each ran
domly assigned to one of the four different lists. This randomiza
tion procedure was repeated for all remaining quadruples of words
so that the final lists were parallel with respect to both word fre
quency and concreteness.

Words from one of these four lists served as words to be read in
Phase I. words from a second list were presented as anagrams in
Phase I, words from a third list were to be heard in Phase 2, and
words from the fourth list were added as distractor words in the
recognition memory test in Phase 3 ofthe experiment. The four lists
of 25 words were rotated through the four presentation conditions
(read, anagram, hear, and distractor) so that each set of words was
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Figure 1. Tree diagram for the extended measurement model for the process dissociation procedure. Events depicted in rectangles
represent observable test conditions (rounded rectangles, left side) and observable responses (ordinary rectangles, right side). Events
depicted in ovals represent unobservable cognitive states. The parameters attached to the branches denote the probabilities for cer
tain cognitive events. From "Toward Unbiased Measurement of Conscious and Unconscious Memory Processes Within the Process
Dissociation Framework," by A. Buchner, E. Erdfelder, and B. Vaterrodt-Pliinnecke, 1995, Journal ofExperimental Psychology: Gen
eral, 124, p. 144. Copyright 1995 by the American Psychological Association. Reprinted with permission.
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used in each of the presentation conditions, effectively constituting
four different sets of words.

The anagrams were constructed as in Jacoby (1991); that is, the
second and fourth letters in each word were kept in their proper po
sitions and underlined to make this transparent to the subjects. The
remaining letters were rearranged so that each letter occupied a po
sition different from its original position.

Words to be heard were spoken in a male voice. They were re
corded and digitized individually on a Macintosh AVcomputer. Dur
ing the experiment, the words were presented binaurally through
stereo headphones plugged directly into the computer. The sound
level was adjusted to be at about n±5 dB(A).

The list of words for the final recognition test was composed of
all words from all four word lists and thus comprised a total of 100
words. The sequence ofwords to be read and anagrams to be solved
in Phase I was randomized for every subject, as were the sequence
of words to be heard during Phase 2 and the sequence of test words
in Phase 3.

Procedure
The entire experiment lasted, on the average, 28 min (SD = 7 min).

The subjects were tested one at a time. In Phase I of the experi
ment, the subjects were instructed that their task was to read words
presented on the computer screen and to write them down as fast as
possible. They were led to believe that the purpose of the experi
ment was to evaluate the legibility ofwords in different fonts on the
computer screen. The recognition test at the end of the experiment
was not mentioned. It was explained that some words would appear
as anagrams and that the task was to form the correct word from
each anagram and write it down as fast as possible. The subjects
learned that the second and fourth letters in each anagram were un
derlined and in their correct positions so that only the remaining
three letters had to be rearranged to generate the correct word. It
was emphasized that response times were being measured, and that
the written word lists would later be evaluated for accuracy.

The subjects were allowed a maximum ono sec to generate a word
from an anagram. After that period, the correct solution was shown.
The subjects were told to write down the correct word and then to
initiate the next trial by pressing the space bar on the keyboard.

At the beginning of Phase 2, the subjects were informed that they
would hear a list ofwords that they were to write down and to mem
orize for a later recognition test. Words were presented at a rate of
4 sec/word.

In Phase 3, each test word was presented at the center of the com
puter screen for the recognition test, and the appropriate response
buttons appeared below each word. The subjects in the process dis
sociation, inclusion test group were told to press, with the computer
mouse, the old button if they had heard, read, or generated the word
from an anagram. They were asked to press the new button if the
word was new. The subjects in the process dissociation, exclusion
test group were to press the old button only if they had heard the
word, and to press the new button for all other words, including the
words that they had read or solved as anagrams. The subjects in
both source-monitoring groups received identical instructions:
They were told to press the Phase 1 button if they remembered hav
ing solved that word as an anagram or if they remembered having
read it in Phase I. They were to press the Phase 2 button if they re
membered having heard the word in Phase 2. Finally, the new but
ton was to be pressed for new words.

Feedback about the correctness of the subjects' judgments was
given every 10 trials. For each correct recognition judgment, sub
jects received one credit. For each incorrect recognition judgment,
one credit was deducted from the current score. As an incentive, the
subjects were told that, at the end of the experiment, their names
would be entered into a high score list if their recognition perfor
mance was good enough, and a material award was promised to the

best subjects. After the experiment, all subjects were debriefed and
the purpose of the experiment was described.

Design
The dependent variable was the subjects' recognition perfor

mance. Independent variables were (I) test procedure (process dis
sociation vs. source monitoring; between subjects) and (2) test con
dition (inclusion vs. exclusion; between subjects). There were 16
subjects in each ofthe treatment combinations ofthis 2 X 2 design.
Within each treatment combination, equal numbers of subjects (4)
were assigned to each of the four different word sets.

Each of the 64 subjects contributed 25 responses to the read (or
anagram) words and 25 responses to the distractor words, resulting
in N = 64 . 50 = 3,200 for the model test. We decided that we
wanted to detect "small effects" (w = 0.1 for X2 tests; cf. Cohen,
1977) in the deviations between the actual response probabilities
and the response probabilities as predicted by the restricted model
defining the null hypothesis. Further, we thought it important to
consider the Type I and Type II error probabilities equally serious.
Given these premises and two degrees of freedom for the model test
(see below), a compromisepower analysis (Erdfelder, Faul, & Buch
ner, 1996) suggested the choosing oferror probabilities of a = f3 =
.0055 (which implies X2(crit ) = 10.4211).2 Thus, the power to detect
even a "small" effect in the model test reported below is I - f3 =
.9945. Note, however, that although we consider X2(crit ) = 10.4211
to be a reasonable critical value for the model tests reported in this
article, our conclusions do not depend on choosing this particular
critical value. Conventional levels of significance such as a = .05
would have led to the same conclusions for each of the tests re
ported below.

RESULTS

The subjects had no difficulty in writing down the to
be-read words presented on the computer screen (99.6%
correct). It took them about 4.1 sec for one word (SD =
2.0 sec). The subjects solved 81.0% ofthe anagrams cor
rectly within the given time limit of 30 sec, and it took
them, on the average, 10.6 sec (SD = 2.5 sec) to solve one
anagram. For 9.6% ofthe anagrams, the subjects' attempts
to form the correct word exceeded the 30-sec limit after
which they were shown the correct solution and asked to
write it down. For the remaining 9.4% of the anagrams,
the subjects produced an incorrect solution. Finally, 99%
ofthe words heard in Phase 2 were written down correctly.

Wetested whether the subjects' acquisition phase per
formance varied as a function oftest procedure, test con
dition, or word set. With respect to the number of read
words written down correctly, we found no statistically
significant main effects oftest procedure and oftest con
dition, and no interaction between these independent vari
ables [all Fs(l ,48) < 0.75], as well as no other interaction
between any of the independent variables and no statis
tically significant main effect of word set [all Fs(3,48) <
1.50]. The same was true for the number of correct ana
gram solutions [all Fs(1,48)< 1.20and all Fs(3,48) < 1.59]
and for the number ofheard words written down correctly
[all Fs(I,48) < 3.00 and all Fs(3,48) < 2.68].

Table 2 displays the frequencies of responding "old"
and "new" to the words read or solved as anagrams in
Phase 1 and to the distractor words for the process dis-
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sociation groups. Table 2 also shows the frequencies that
were reconstructed according to the mapping rules illus
trated in Table 1 from the source-monitoring data for the
source-monitoring groups. The original source-monitoring
frequency data are presented in the Appendix.

In order to evaluate statistically our hypothesis that the
memory processes involved in recognition judgments in
the process dissociation procedure are the same as those
involved in the source-monitoring task, we used a multi
nomial modeling approach and performed the following
steps. First, we used the unrestricted extended measure
ment model for the process dissociation procedure (Buch
ner et aI., 1995) to estimate, for the read words, param
eter c, which is assumed to representrecollection processes,
parameter ue- , which is assumed to represent automatic
familiarity-related processes, and the guessing pa
rameters gj and g e The upper panel of Figure 2 displays
these parameter estimates, together with the 95% confi
dence intervals.

Comparing the parameter estimates based on the pro
cess dissociation response frequencies with the estimates
based on the frequencies reconstructed from the source
monitoring task, we find that both cand ue- differ very
little between conditions. In fact, the confidence intervals
overlap almost completely. In a second step, we per
formed goodness-of-fit tests for a model in which we im
plemented equality restrictions on the parameters repre
senting controlled and automatic memory processes. More
precisely, the restrictions imposed were that c(process
dissociation) = c(source monitoring) and that Ue- (pro
cess dissociation) = ue_(source monitoring). The two
restrictions on the unrestricted model yield two degrees
of freedom for the model test. The likelihood-ratio good
ness-of-fit statistic indicates that the data are compati
ble with the restricted model [G2(2) = 1.00],3

Similarly, when looking at the parameter estimates for
the anagram data (displayed in the lower panel of Fig
ure 2), we find that both cand ue . do not differ much
between conditions. As for the read words, we performed
goodness-of-fit tests for the model in which we imple
mented the restrictions that c(process dissociation) =
c(source monitoring) and that ue- (process dissociation)
= Ue- (source monitoring). The likelihood-ratio goodness-

Table 2
Frequencies of "Old" and "New" Responses Which Were

Either Obtained Directly (Process Dissociation Condition) or
Derived From Source Discrimination Data According to the
Mapping Rules of Table 1 (Source-Monitoring Condition)

Phase I Words

Test Read Words Anagram Words Distractor Words

Condition Old New Old New Old New

Process Dissociation Condition
Inclusion 208 192 315 85 64 336
Exclusion 78 322 57 343 25 375

Source- Monitoring Condition
Inclusion* 211 189 339 61 76 324
Exclusiont 69 331 51 349 29 371

*Phase 1 and Phase 2 responses were counted as old responses. "Only
Phase 2 responses were counted as old responses.

of-fit statistic indicates, again, that the data are compat
ible with the restricted model [G2(2) = 4.16]. In other
words, the anagram data essentially replicate the read
data."

In the statistical tests reported so far, the restrictions
were imposed only on the parameters reflecting memory
processes (i.e., c and ue- ) and not on those reflecting re
sponse strategies (i.e., gj and ge)' because the former pa
rameters reflect our original substantive hypothesis that
the memory processes involved in recognition judgments
in the process dissociation procedure are essentially the
same as those involved in source monitoring. According
to this hypothesis, response strategies such as guessing
in situations of uncertainty mayor may not be equivalent
in the process dissociation procedure and in the source
monitoring task.

However, when one looks at the response frequencies
displayed in Table 2, it is obvious that the frequencies ob
tained in the classical process dissociation procedure and
those reconstructed from the source-monitoring design
are relatively close. This pattern suggests that a hypothe
sis which is even stronger than our original hypothesis
might be tenable-namely, that the entire recognition be
havior in the process dissociation procedure is predict
able from source-monitoring behavior. To evaluate this
supposition, we tested the H othat the response probabil
ities underlying the upper half of Table 2 (i.e., the origi
nal process dissociation responses) are identical to those
underlying the lower halfofTable 2 (i.e., the process dis
sociation responses as predicted from source-monitoring
responses) using a chi square test. The log-likelihood G2
for the statistical test of this hypothesis is G2(6) = 7.52,
which is not significant, given the critical value X2(6) =
12.59, a = .05. This result is consistent with the substan
tive hypothesis that both memory and judgment pro
cesses did not differ between the process dissociation and
source-monitoring tasks. Even more importantly, this
conclusion does not depend on the model used to derive
the measures for the memory and judgment processes.
Given our data, any measurement model must lead to the
conclusion that all types of cognitive processes can be
considered equivalent in source-monitoring tasks and in
the process dissociation procedure when applied to rec
ognition judgments, simply because the judgments in the
latter application of the process dissociation procedure
are predictable from source-monitoring judgments.

DISCUSSION

The primary goal of the research reported in this arti
cle was to test the hypothesis that the memory processes
involved in recognition judgments in the process dissoci
ation procedure are the same as those involved in standard
source-monitoring tasks. The results that we obtained for
words read in Phase I are clearly compatible with this hy
pothesis. The anagram results replicate this finding.

However, it turned out that our data are compatible with
an even stronger hypothesis. The original process dissoci
ation responses were found to be predictable from the pro-
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Figure 2. Estimates of parameters representing controlled, uncontrolled, and
guessing processes for the read words (upper panel) and for the anagrams (lower
panel) as a function of whether the frequencies underlying the parameter estimates
were based on process dissociation or source-monitoring conditions. The estimates
for the guessing parameters are identical for the read words and for the anagrams.
The error bars represent the 95% confidence intervals.

cess dissociation responses reconstructed from source
monitoring responses, which is exactly what one would ex
pect if not the memory processes alone, but both memory
and judgment processes did not differ between the pro
cess dissociation and the source-monitoring tasks.

This means, at least, that the inclusion-exclusion in
structional manipulation, which has been criticized as
potentially being too difficult (Graf & Komatsu, 1994;
Richardson-Klavehn, Gardiner, & Java, 1995), is not nec
essary in order to arrive at parameter estimates for the
memory processes to be dissociated. All we need is a stan
dard source-monitoring task which quite naturally deliv
ers the response frequencies called for by a process dis
sociation measurement model. Note, however, that this
applies primarily to recognition judgments, because appli
cations of the process dissociation procedure to other
judgment tasks typically do not require different learn
ing contexts or sources (but see, e.g., Begg et aI., 1992).

In an interesting article, Roediger and McDermott
(1994) seem to go one step further when they argue that
there may be a "problem of source memory affecting the
components derived from the process dissociation pro-

cedure" (p. 287). The present analysis supports their ar
gument empirically. The subjects responding according
to standard source-monitoring instructions showed a per
formance pattern that could be mapped onto the perfor
mance exhibited by subjects following process dissoci
ation instructions, and the estimates representing the
memory processes involved in recognition performance in
both conditions matched quite well. This is compatible
with the conclusion that what subjects do in the process
dissociation procedure is essentially source monitoring.
If that was the case, however, the parameters represent
ing the memory processes to be dissociated would have
to be interpreted differently. For instance, in support of
their arguments against an uncritical application of the
process dissociation procedure, Roediger and McDer
mott quote a personal communication with F.I. M. Craik
raising exactly this point and arguing that the parameter
intended to represent conscious item recollection in the
process dissociation procedure "does not measure direct
recollection of items. It measures recollection ofthe pre
sentation context" (p. 287). A similar intuition may be
that perhaps an interpretation ofthe parameter thought to
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and

Thus, according to the redundancy variant of the ex
tended measurement model for the process dissociation

r« = U + (1 - u)g;, (9)

Pdi = gj, (10)

Pie = u(1 - cu+) + (1 - vie: (11)

Pde = ge' (12)

Setting these four equations equal to the correspond
ing model equations as implied by Batchelder and Riefer's
(1990) source monitoring model (see Equations 1-4
above) and solving for u, C u+' g;, and ge yields

(8)ge = b (1 - g).

Unfortunately both c and uc- turn out to be rather
complicated functions of item memory, source memory,
and source bias. From this perspective, there is no sim
ple interpretation ofeither c or uc- in terms of item mem
ory and source memory parameters.

Interestingly, however, matters become somewhat sim
pler if we adopt the redundancy variant of the extended
measurement model family, which assumes that recol
lection always implies a feeling offamiliarity (cf. Buch
ner et al., 1995; Joordens & Merikle, 1993). It is useful,
for our purpose, to reparameterize the redundancy vari
ant of the extended model so that (1) parameter u denotes
the unconditional probability of uncontrolled processes
leading to a cognitive state in which a word is accepted
on the basis of its familiarity, (2) parameter cu+ repre
sents the conditional probability of recollection given a
feeling of familiarity, and (3) parameters gj and ge rep-.
resent, as before, the probabilities ofguessing that a word
is old, given that it is neither recollected nor familiar in
the inclusion and in the exclusion test conditions, respec
tively. The model equations for this reparameterized model
variant are:

We now simply write the same response probabilities in
terms of the extended model for the process dissociation
procedure (see Buchner et aI., 1995, Equations 9-12), set
these four model equations of the extended model equal
to their corresponding equations listed above, and solve
for the parameters of the extended model to obtain

c = D, [d] + (1 - d])g], (5)

uc- = [D](d]-l)(g-l)] j{l-D][d] + (1-d1)g]), (6)

~=~ m
and

u = D 1, (13)

cu+ = d, + g(1 - d,), (14)

gi = b, (15)

and

ge=b(l-g). (16)

capture automatic, unconscious influences offamiliarity
might be source confusion despite conscious item recol
lection.

However, if the memory parameters in the process dis
sociation procedure simply captured certain aspects of
source memory, the idea suggests itself that it could be
more profitable to utilize measurement models that have
been designed specifically to decompose performance on
source-monitoring tasks into component processes. For
instance, Batchelder and Riefer (1990) have presented a
whole family of two-source multinomial processing
models for the standard source-monitoring task. Bayen,
Murnane, and Erdfelder (1996) have successfully evalu
ated two-high threshold alternatives to Batchelder and
Riefer's one-high threshold models, and Riefer, Hu, and
Batchelder (1994) have demonstrated the usefulness ofa
three-source generalization of their model family for so
phisticated analyses of subjects' response strategies. All
ofthese models allow memory performance to be decom
posed into measures for the separate component processes
underlying source memory, item memory, source bias,
and item bias.

Can we clarify analytically, rather than intuitively,
how the parameters of source memory models relate to
the parameters representing recollection and familiarity
as derived from the process dissociation procedure? We
will restrict our analysis to the source-monitoring model
developed by Batchelder and Riefer (1990), which ap
pears to be the most frequently used measurement model
in source-monitoring research (e.g., Johnson, Kounios,
& Reeder, 1994). First, we need to map the source
monitoring response categories onto the old and new re
sponses for the inclusion and the exclusion condition ac
cording to the rules illustrated in Table 1. For simplicity,
we assume that source bias does not depend on whether
or not an item is recognized as old. Given this, the equa
tions ofBatchelder and Riefer's source-monitoring model
imply that the probabilities ofold responses to (1) items
from Phase 1 in the inclusion test, p] i' (2) distractor
items in the inclusion test, Pdi' (3) items from Phase 1 in
the exclusion test, Pie' and (4) distractor items in the ex
clusion test, Pde' can be formulated as follows:

Pi, = 1 - (1 - D]) (1 - b), (1)

Pdi = b, (2)

Pie = D, (1 - d,)(l - g) + (1 - D,) b (1 - g), (3)

and

Pde = b(1 - g), (4)

where D I is defined as the probability of detecting cor
rectly that a Phase 1 word is an old word (item memory),
d, is defined as the probability of discriminating the
source of the Phase 1 words (source memory), b is de
fined as the probability ofclassifying a non detected word
as old (item bias), and g is defined as the probability of
responding "Phase 1" to a word that has been classified
as an old word but ofwhich the source is unknown (source
bias) (for details, see Batchelder & Riefer, 1990, p. 551).
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procedure, the unconditional probability of an unconscious
process on the basis of familiarity is just the item mem
ory parameter of Batchelder and Riefer's (1990) source
monitoring model, and the conditional probability of
recollection, givena feeling of familiarity,isjust the source
memory parameter, provided that subjects do not arrive
at correct source judgments by guessing (i.e., g = 0).

We may conclude from this analysis that the param
eters of at least one submodel of the extended measure
ment model family as discussed by Buchner et al. (1995)
correspond quite closely to the parameters representing
memory processes in the source-monitoring model of
Batchelder and Riefer (1990). Moreover, one can say that
this process dissociation model variant provides no sub
stantive information over and above the information al
ready provided by an analysis in terms ofBatchelder and
Riefer's model.

In a nutshell, then, our central conclusion is that rec
ognitionjudgments in the process dissociation procedure
involve essentially the same memory processes as does
performance in a standard source-monitoring task for
which source-monitoring models deliver measures ofitem
memory, source memory, and various response biases.
These parameters have clear-cut psychological interpreta
tions because they are integrated into a network of psy
chological hypotheses and theories (Batchelder & Riefer,
1990; Bayen et aI., 1996; Johnson et aI., 1994; Riefer et
aI., 1994). In addition, a large number of empirical re
sults have become available during the past two decades
which help clarify the scope of these concepts (see John
son et aI., 1993).

In contrast, discussions such as the one raised by Roedi
ger and McDermott (1994) and the present results pro
vide evidence that the interpretation of recollection and
familiarity within the process dissociation procedure is
less clear-cut. Furthermore, depending on the measure
ment model used, these constructs can have vastly differ
ent meanings, some of which can be shown to reduce to
the meaning of item memory and (biased) source memory
in terms of Batchelder and Riefer's (1990) model.

Thus, on the basis of our present empirical and ana
lytical results we suggest that one use standard source
monitoring tasks instead of recognition tasks in the pro
cess dissociation procedure. The latter type of memory
task can be considered redundant, given the first type of
task. Moreover, and irrespective of which of these two
types oftasks is used, data analyses in terms ofthe source
monitoring parameters for item memory, source memory,
item bias, and source bias seem to be more profitable than
analyses based on process dissociation parameters for rec
ollection and familiarity.

It is important to note, however, that these recommen
dations only concern applications of the process dissoci
ation procedure to recognition judgments. As stated
in the introduction of this article, applications of Ja
coby's (1991) procedure to other judgments proved to be
very successful, and currently we can see no reason to re-

place these applications with other types of memory
tasks.
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APPENDIX

Table Al
Frequencies of Phase I, Phase 2, and New Responses

for the Source-Monitoring Groups as a Function of Condition

Source

Phase 1 Phase I

Participants' Word Distractor Word Distractor
Response Read Anagram Word Read Anagram Word

Phase 1 131 292 48 150 270 78
Phase 2 80 47 28 69 51 29
New 189 61 324 181 79 293

model identifiable (e.g., uc+ = uc- ' uc+ = 1, or uc+ = 0, which yield, re
spectively, model variants in which controlled and automatic processes
are independent, redundant, or mutually exclusive; see Jones, 1987).
Which assumption is used, however, is relevant only if one is interested
in the unconditional probability u of automatic processes contributing
to the recognition judgments. We suggest instead the use ofuc_ ' which
is the conditional probability of uncontrolled memory processes con
tributing to recognition, given that a Phase I item has not been recol
lected. This parameter is uniquely determined by the subjects' response
probabilities and does not depend on which assumption is made about
uc+ ' For details, see Buchner et al. (1995).

2. The power calculations were conducted using the GsPower pro
gram (Buchner, Faul, & Erdfelder, 1992).

3. The log-likelihood goodness-of-fit statistic G2 is asymptotically
chi-square distributed with degrees of freedom indicated in parentheses
(see Hu & Batchelder, 1994, for details). All model-based statistical
analyses reported in this article were conducted using the MBT pro
gram by Hu (1993; see Hu & Batchelder, 1994).

4. As a supplement to these tests of the equality of memory pro
cesses, we analyzed whether models with the equality restriction im
posed only on c or on U c - would also fit the data. This was the case for
both the read words [G2(1) = 0.11 and G2(1) = 0.96 for the restriction
on c and uc - ' respectively] and the anagram words [G2(1) = 3.78 and
G2(1) = 0.49 for the restriction on c and uc-' respectively]. Given the
considerations explicated in the design section, we used X2(1 )
8.6398, a = .0033 as the critical value for these tests.
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NOTES

1. Technically uc+ is a nonidentifiable parameter, which means that
an assumption must be made about this parameter in order to render the
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