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Experiments in which subjects study a set of items and then take two
successive tests, a recognition test followed by a test of implicit retrieval of
the same items (e.g. Tulving, Schacter, & Stark, 1982}, have typically yielded
data showing stochastic independence between the tests. Ostergaard (1992)
has suggested that the procedure for assessing such independence should
include an evaluation of the data against a meodel that assumes maximal
dependence between the components of the test attributable to the study
episode. In applying his Maximum Memory Dependence model to the
published data, however, Ostergaard inexplicably used test-primed data for
baseline measures, rather than non-primed data, and erroneously cuncluded
that there was no clear evidence for independence. In this articie, we show
that when the standard baseline measures are used, the results of many
experiments demonstrate stochastic independence,

INTRODUCTION

Contingency analyses of data from experiments using successive tests have
provided useful information about the processes of interest to students of
memory. The information is of a kind that is not available from other types
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of experiments and other forms of analysis. The theoretically important
finding from these experiments is that the degree of dependence between
the tests varies systematically with the tests,

The data from successive-tests experiments are analysed in terms of the
contingency relation between the outcomes of the two tests. Individual
subject-items are entered into a four-fold contingency table in which
successful and unsuccessful retrieval on one test are crossed with successful
and unsuccessful retrieval on the other. The contingency relation (depend-
ence, or association, or subject-item correlation) between the two tests can
be expressed quantitatively in terms of a measure such as gamma or Yule’s
Q, which has a range of —1 to +1, and the reliability of differences
between any given two Q-values can be assessed by means of the chi-
square statistic (Hayman & Tulving, 1989a; Nelson, 1984)."

Available evidence suggests that the contingency relation between two
tests depends systematically on (a) explicit versus implicit retrieval instruc-
tions, and (b) identical versus different cues on the two tests (Hayman &
Tulving, 1989a). When both tests are explicit (Graf & Schacter, 1985;
Schacter, 1990), the dependence between the tests may vary from very
high to moderate, depending on the nature of the cues. It is very high,
frequently approaching unity, with identical cues (e.g. Hayman & Tulving,
1989b; Wallace, 1978), as well as with cues that contain similar information
in different formats, such as the cues in a recognition test and an extralist-
cued recall test (e.g. LeVoi et al., 1983; Ogilvie, Tulving, Paskowitz, &
Jones, 1980). The dependence is moderately positive, with Q-values near
0.5, with different cues (¢.g. Hayman & Tulving, 1989a; 1989b; LeVoi et
al., 1983; Ogilvie et al., 1980; Tulving & Watkins, 1975). It is also
moderately positive in so-called recognition-failure experiments in which,
too, the cues in successive tests are different (e.g. Bryant, 1991; Flexser
& Tulving, 1978; Gardiner & Tulving, 1980; Neely & Payne, 1983; Nilsson,
Law, & Tulving, 1988; Tulving & Wiseman, 1975; Watkins & Tulving,
1975).

When one of the two successive tests is an implicit one, or when both
are, the contingency relation may vary from high positive to virtual
independence. Identical cues in the two tests produce a high degree of
dependence (Hayman & Tulving, 1989b; Witherspoon & Moscovitch,
1989), whereas different cues usually produce very low degrees of depend-
ence that frequently are indistinguishable from stochastic independence

"Hayman and Tulving’s (198%a, p. 231) equation 5, which describes the formula for testing
the significance of difference between two 2 x 2 tables, is incorrect, The log transformations
of odds ratios in equation 5 should be In (natural logarithm) transformations. The correct
equation 5 is: * = (In C; — In CA[WC, + V()]
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(e.g. Hayman & Tulving, 1989a; 1989b; Tulving, Schacter, & Stark, 1982;
Tulving, Hayman, & Macdonald, 1991; Witherspoon & Moscovitch,
1989). Because this differential dependence (high or low degrees of
dependence, depending upon tests) occurs when subjects and nominal
target items are held constant, the findings cannot be attributed to subject
and item correlations (cf. Flexser, 1981; 1991; Hintzman & Hartry, 1990).

RECOGNITION/IDENTIFICATION PARADIGM

The particular version of the successive-tests paradigm on which we focus
in this article is one in which subjects, after studying a list of items, are
given an explicit recognition test for these items, followed by an implicit
retrieval test requiring them to identify same items on the basis of impover-
ished perceptual descriptions of the items. We will refer to this class of
experiments as “recognition/identification” experiments, to distinguish
them from other kinds of experiments involving successive tests, such as
recognition-failure experiments (e.g. Nilsson & Gardiner, 1993; Watkins
& Tulving, 1975).

An early recognition/identification experiment was reported by Tulving
et al. (1982). Subjects were exposed to a list of 96 words on a single study
trial, and then, either 1h later or 7 days later, took two tests.> The first
was the standard yes/no recognition test in which the subjects’ task was to
determine whether or not they had seen a given test word in the study
phase of the experiment. In the second test, subjects were presented with
graphemic fragments of words, such as A--AS--N and U--VE--E, and
asked to identify the words by completing the fragments. They were told
that some of the words had appeared in the earlier study list whereas others
had not, and that their task was to complete each fragment with a
meaningful word regardless of the word’s earlier appearance in the experi-
ment. Thus, the instructions given to the subjects at test were for what
later came to be referred to as “implicit retrieval” (Graf & Schacter, 1985).
In Tulving and co-workers’ (1982) experiment, each fragment allowed only
a single solution, although the subjects were not apprised of that fact.

The fragment-completion results of Tulving and co-workers’ (1982)
experiment showed priming: probability of fragment-completion was
higher for study-list words that a subject had encountered in the experi-
ment than for words not encountered in the experiment before the
fragment-completion test. An important feature of this priming, with

*The design of the experiment was somewhat more complex than indicated here. In this
article we are concerned with essentially one half of the design: recognition test preceding
the fragment-completion test.



356  TULVING AND HAYMAN

respect to the issue under scrutiny in this article, was that the exact
circumstances of the encounter with the target words did not seem to
matter. Priming occurred for words that the subjects had intentionally
studied in the original list, as well as for words that had served as distractor
- items in the earlier recognition test. Specifically, the mean fragment-
completion probabilities were (.31 for the non-primed (*‘new™) words
(words neither in the study list nor in the recognition test), 0.46 for the
“study-primed” words (words in the study list but not in the recognition
test), 0.54 for “test-primed” words (words not in the study list but
appearing as distractor items in the recognition test) and 0.65 for “‘study-
and-test primed” words (words in the study list that also appeared as “old”
items in the recognition test). These data were highlighted in Tulving and
co-workers’ (1982) article through their graphic presentation in figure 2,
in which probability of fragment completion was shown for *“unprimed”
and “three kinds of primed words”. The magnitude of the priming effect
was larger for the recognition-test distractors (test-primed items) than
study-list words, presumably because the retention interval was shorter for
the former than the latter.’

A more interesting observation than that of the mere prniming effect in
Tulving and co-workers’ (1982) experiment was the finding of stochastic
independence between recognition and fragment completion: The proba-
bility of successful fragment completion in the second test was statistically
non-discriminable for the words that the subjects had positively identified
as study-list items and for the words that the subjects claimed they did not
recognise as “old”. Stochastic independence held for both study-list words
and recognition-test distractors. That is, subsequent fragment completion
was essentially the same for the items representing “hits” and those
representing “‘misses”, and also the same, albeit at a different level, for
items representing “false alarms™ and those representing “correct rejec-
tions”.

At about the same time that Tulving and co-workers’ (1982) results were
published, a similar observation of stochastic independence between rec-
ognition and primed perceptual identification of words was reported by
Jacoby and Witherspoon (1982). Together, the two sets of results were
interesting, because they seemed to have produced a glaring exception to
a highly consistent pattern of data known at the time. Before 1982,
contingency analyses of performance on successive tests of the same target

*The results of many subsequent experiments have converged on the empirical peneralisa-
tion that perceptual priming of the kind demonstrated in fragment completion depends
primarily on the perceptual encounter with the target word rather than on the characteristics
of the encounter. For reviews, see Challis and Brodbeck (1992), Roediger and Blaxton
(1987). Roediger and McDermott {1993), Schacter {1990) and Tulving and Schacter {1990).
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items had invanably demonstrated positive dependence or association
between the tests (e.g. Brown, 1923; Flexser & Tulving, 1978; Gardiner
& Tulving, 1980; Ogilvie et al., 1980; Postman, Jenkins, & Postman, 1948;
Tulving & Watkins, 1975; Tulving & Wiseman, 1975; Wallace, 1978;
Watkins & Tulving, 1975). Against the backdrop of such consistent evi-
dence, the observed stochastic independence was surprising, and therefore
worthy of theoretical attention. Here, for the first time, were data showing
that two “memory effects” (recognition and priming), originating in one
and the same encoding episode, behaved rather differently from all the
previously reported comparisons—they were dissociated rather than asso-
ciated.

A number of subsequent experiments have reported findings of stochas-
tic independence (e.g. Hayman & Tulving, 198%; Musen & Treisman,
1990; Schacter et al., 1991; Snodgrass & Feenan, 1990), although failures
to replicate have also been reported (Hintzman & Hartry, 1990). At the
empirical level, as already mentioned, most of the relevant data can be
conveniently summarised in terms of two independent variables: (a) type
of test instructions (explicit vs implicit) and (b) similarity relations between
cues in the two tests (same vs different). At the theoretical level, the
dominant themes in the interpretations of the findings have been those of
multiple memory systems (e.g. Schacter, 1990; Tulving, 1983; Tulving &
Schacter, 1990; Tulving et al., 1982) and process dissociations (e.g. Graf
& Ryan, 1990; Jacoby, 1983; Roediger, Weldon, & Challis, 1989).

Recently, Ostergaard (1992) has expressed scepticism about the validity
of the reports of stochastic independence in the recognition/identification
paradigm and, in a sweeping generalisation, has called into question the
general usefulness of contingency analyses in memory research. This
article is concerned with Ostergaard’s ideas and conclusions. We make
three main points. First, Ostergaard’s (1992) theoretical criticism of the
procedures that have been used in the past to evaluate the hypothesis of
stochastic independence is well taken, valid and useful. His Maximum
Memory Dependence (MMD) model constitutes a definite methodological
improvement. Second, for reasons unknown and not discussed, he adopted
incorrect baseline measures in his calculations. As a comsequence, he
arrived at an erroneous overall conclusion. Third, when we apply Oster-
gaard’s (1992) model to the extant data correctly, the results show that a
large majority of the results of recognition/identification experiments con-
form much more closely to stochastic independence than dependence.

OSTERGAARD’'S MMD MODEL

Ostergaard (1992) drew attention to a perceived shortcoming in the
evaluation of the data that have been claimed to demonstrate stochastic
independence. His argument can be summarised as follows. The conven-
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tional practice has been to compare the observed dependency between the
two tests with the hypothesised state of stochastic independence, and then,
when the observed dependency is small or not reliably different from the
null hypothesis, to accept the null hypothesis of independence. This
procedure is inadequate, however, because it is logically possible for the
data from a given experiment to be such that the null hypothesis of
independence cannot be rejected even if in fact there is a great deal of
dependence present. This kind of outcome may occur in situations in which
the “memory” component of the measured performance—the component
attributable to the experimentally controlled encounter with the target
iterms—is small, and in which, therefore, the post-encounter assessment of
the degree of association between the two tests is largely determined by
the pre-encounter association between the tests. Ostergaard (1992) pre-
sented actual numerical examples of these kinds of outcomes.

Because of the existence of these kinds of possibilities—maximum
dependence that is not statistically different from independence because
of small “memory” components of measured performance—Ostergaard
suggested that the data from any given experiment should be compared
with two models, one of independence and the other of maximum possible
dependence. The conclusion drawn about the data should then be based
on the outcomes of both comparisons.

Ostergaard proposed a Maximum Memory Dependency model that
allows one to estimate the degree of maximum dependence that is possible
between the outcomes of the two tests in any given situation. According
to the model, the observed performance on each test, as well as the
contingency relation between them, can be partitioned into two compo-
nents: (a) pre-experimentally determined (the baseline) and (b) experi-
mentally determined (the “memory” component). Each of the two tests
comprising a recognition/identification experiment has its own “memory”
component. In the recognition test, it is the “corrected recognition™ score
(the hit rate minus the false alarm rate). In the identification test, the
“memory” component is the “priming effect” (the difference between
identification probabilities for primed and non-primed items). The theore-
tically interesting question concerns the relation between these two “mem-
ory” components of the measures. The pre-experimentally determined
relation between the two baseline components, estimated by false alarms
in recognition and completion of fragments of non-primed words in the
completion test, is not at issue.

The baseline performance is determined by variables that are usually
held constant in the experiment. The natural expectation is that the
baseline performances of the two tests are stochastically independent. The
dependence between the “memory” components of the two test perform-
ances is merely superimposed on the relation of independence between the
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two baseline performances. The actually observed dependence between
the two measures of performance varies both with the baseline perform-
ance and the “memory” components of the two measures. 50 does the
maximum possible value of the dependence. It, too, is a function of the
baseline performance of the two tests and the magnitude of the “memory™
components. The important point to note is that one cannot assume that
this maximum dependence is equal to unity. Frequently it may be less, and
sometimes it is possible that the maximum possible dependence is indis-
tinguishable from stochastic independence.

Ostergaard (1992) described his MMD model with respect to the general
situation involving any two tests, T1 and T2. We adopt his description here
for the typical recognition/identification experiment, in which the first test
is recognition (Rn) and the second test that of fragment completion (FC).

Consider a situation in which the “memory™ effect is smaller in fragment
completion than it is in recognition:

p(Mg) = p(FC,) — p(FC,) < p(Mn) = p(H) — p(FA) (1)

where FC, = fragment completion of “old” items, encountered in the
experiment; FC, = fragment completion of items not encountered earlier
in the experiment; H = hit rate; FA = false alarm rate; M,, = “memory”
component of recognition; and My = “memory” component of fragment
completion.

Then, according to the MMD model (Ostergaard, 1992, p. 415), the
maximum possible value of the joint probability of recognition and frag-
ment completion of studied target items is the sum of the “memory™
component in fragment completion and the product of the baseline in
fragment completion and the hit rate in recognition:

max p(Rn, FC) = p(FC,) — p(FC,) + p(FC,)p(H) (2)

Mote that in the extreme case in which the “*memory” component of FC
is zero (i.e. there is no priming), the maximum possible value of the joint
probability of recognition and fragment completion of studied target items
is equal to the product of fragment completion of non-primed items and
the recognition hit rate. Such a state of affairs implies that the smaller the
priming effect, the more likely it is that the relation between recognition
and fragment completion of experimentally presented items is indisting-
uishable from the pre-experimental relation between the tests, that is, that
it appears to be one of stochastic independence. It is this kind of an artifact
that Ostergaard (1992) was concerned with in his article.

Using the MMD model, Ostergaard (1992) calculated the estimated
levels of maximum memory dependence for 15 experimental conditions in
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five published experiments, and then compared the experimentally
observed contingency (joint probabilities and Q-values) against those
predicted by (a) the model of stochastic independence and (b) the MMD
model. He summarised the results of his calculations in his table 4 (Oster-
gaard, 1992, p. 418). His putative critical finding was that, in all 15 cases,
the joint probabilities (of success on both tests) predicted by both models
fell within the 95% confidence interval of the observed joint probabilities.
Moreover, in 8 out of 15 cases, Yule's Q of the 2 x 2 contingency table
corresponding to the MMD model did not differ reliably from stochastic
independence.

Ostergaard concluded that the reported data were inconclusive, that the
data that had been reported in support of the hypothesis of stochastic
independence were also compatible with the hypothesis of maximum
“memory” dependence, and that under the circumstances the earlier
claims that the data reflected stochastic independence had to be rejected.
The major problem seemed to lie in the small “memory”™ components of
the tests, usually reflecting small amounts of priming that had been
observed in the experiments.

Taken at their face value, these conclusions are clearly highly damaging
to the earlier declarations that the tests in recognition/identification experi-
ments are stochastically independent (e.g. Hayman & Tulving, 1989a;
Tulving et al., 1982). But, as sometimes happens, in this case too the
appearance turns out to be deceiving, because of Ostergaard’s (1992)
choice of incorrect data.

OSTERGAARD'S ERROR

Ever since experiments on “‘repetition” priming have been done in cogni-
tive psychology, priming effects have always been expressed in terms of
the difference between primed (“old” or “studied™) and non-primed
(*new™ or “non-studied’’) items. Primed items are those that have been
previously encountered in the experiment, whereas non-primed items are
those that appear in the experiment only at test. Such a definition of
priming effects, in terms of *‘primed performance” and the “‘non-primed
baseline”, has been universally accepted (e.g. Hintzman & Hartry, 1990;
Richardson-Klavehn & Bjork, 1988; Snodgrass & Feenan, 1990). No
exceptions to the practice have ever been reported or proposed. Oster-
gaard (1992), however, did just that. Without providing any reason for his
choice, he adopted a different baseline measure for his calculations. We
think it was an error,

The baseline performance in the MMD model is defined in terms of the
conventional baseline performance, that is, in terms of performance on
items not previously encountered in the experiment. In most of his actual
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calculations, however, Ostergaard (1992) selected as his baseline the
performance on items that in fact had been previously encountered in the
experiment. He confused “new” items with “non-primed” items in most
of the experiments he scrutinised.

In the recognitionfidentification paradigm, in which the two tests are
given successively, previously non-encountered items differ for the two
tests. In the recognition test, the non-encountered items are those that did
not occur in the study list. That is, in the recognition test, non-studied
items are “new” items, and vice versa. In the (following) identification
test, however, non-studied items are not necessarily “new”. Indeed,
frequently in previous experiments, items not in the study list have been
“old”* by the time they appear in the identification test, by virtue of their
having appeared as distractor items in the (earlier) recognition test. In this
kind of situation, non-studied items appearing in the identification test are
said to have been “test-primed”. The important point is that with respect
to the test on which priming is measured, these items are neither “new”
nor “non-primed”. It is these items, however, that Ostergaard chose for
his baseline data in most of the experiments he examined.

The fact that priming occurs as readily for the items encountered only
in the recognition test as it does for items studied in the list, first reported
by Tulving et al. (1982), is by now well established. As already mentioned,
in Tulving and co-workers’ (1982) original experiment, items appearing
only in the study list and those appearing only in the recognition test
showed priming. Indeed, the completion rate was numerically higher for
the “test-primed” items (0.54) than for the “study-primed™ items (0.46).
Both were considerably higher than the completion rate for the truly
“new” (non-primed) items, which in Tulving and co-workers’ (1982)
experiment was (.31.

Tulving and co-workers’ (1982) experiment was one of those included
in Ostergaard’s database. For the purposes of the calculations of the MMD
maodel data for the experiment, Ostergaard should have selected the non-
primed performance (0.31) as the baseline, but he selected the test-primed
performance (0.54) instead. The crucial consequence of this choice was
that he estimated the “‘memory” component in this case as 0.11 (0.65 —
0.54), when in fact the true “memory” component was three times as large
at 0.34 (0.65 — 0.31).

A CONCRETE EXAMPLE

To facilitate the comprehensibility of our argument, we next work through
a concrete numerical example for one of the cases in Ostergaard’s (1992)
database for which the maximum memory dependence calculations are
shown in his table 4. The example involves data from the HiC (“high
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constraint™) condition in experiment 2, summarised in his tables 3 and 4,
reported by Hayman and Tulving (1989a).

As shown in Hayman and Tulving’s {1989a) table 4, the hit rate, p(H),
in this condition was 0.645. As reported in Hayman and Tulving’s (1989a)
table 3, the probability of fragment completion of studied words, p(FC_).
was (.493. Also in table 3, two probabilities were given for the fragment
completion of non-studied words, p(FC,)). One (0.410) was for the “new”’
words tested in recognition (i.e. test-primed words) and the other (0.121)
was for the “new” words not tested in recognition (i.e. non-primed words).
The proportion of (.121 is the true estimate of the baseline, whereas the
proportion of (.410 represents the combined effects of the baseline and
the priming effect attributable to the appearance of the words in the
recognition test.

Using the test-primed data (0.410) as the baseline, Ostergaard (1992,
table 4) calculated the priming effect as 0.493 — 0.410 = 0.083, and,
applying the formula in equation 2, reached the conclusion that max p(Rn,
FC) in this situation was 0.346:

max p(Rn, FC) = 0.493 — 0.410 + (0.410)(0.645) = 0.346  (3)

This joint probability, (.346, predicted on the basis of the MMD model,
is indistinguishable from the observed data, p(Rn, FC) = 0.344. It is
redundant to note that Yule’s Q expressing the degree of dependence
between recognition and primed fragment completion for the MMD model
data is 0.251, which is practically identical with the Q of actual data, 0.230
{(¥* = 0.02). Because the contingency data showed the maximum depend-
ence possible under the circumstances, the conclusion appears to be
inescapable that in this particular case the two “memory” components—
the priming effect and the corrected recognition—may be perfectly corre-
lated.

The conclusion, however, is false, because of the inappropriate baseline
data that Ostergaard used. He should have selected the non-primed “new™
data (0.121) for his calculations shown in equation 3, instead of selecting
the test-primed data (0.410). Had he done so, he would have obtained the
value of (.449 as the estimate of the maximum memory dependence in this
condition:

max p(Rn, FC) = 0.493 — 0.121 + (0.121)(0.645) = 0.449  (4)

This correct value of (.449 is considerably higher than the observed
p(Rn, FC) of 0.344. The corresponding values of Yule’s Q are also very
different: Q = 0.89 for the MMD model and Q = (.23 for the experimental
data. The chi-square expressing the significance of the difference between



