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Abstract

Participants studied AB word pairs and completed three recognition tests.  In one recognition test each A word was presented with two distractors that did not appear on the study list.  In another recognition test each B word was presented with two distractors that did not appear on the study list.  In a third recognition test an AB target was presented with two distractors composed of words not on the study list.  Six different groups of participants each performed the recognition tests in a different order, so that all possible orders were tested.  Recognition of the A, B and AB targets for a given study pair were independent of each other when single word recognition preceded double-word recognition.  There was almost complete independence in the reverse order.  Even when recognition judgements were restricted to those for which the participants were most confident, there was independence of recognition among the three tests.  A pair recognition test served as an additional study trial for the individual words; however the reverse was not the case.  All of these results were predicted by a single three-parameter mathematical model derived from the hypothesis that single-word and double-word targets had independent representations in memory.  

Retrieval Independence Between Parts and Wholes in Successive Recognition Tasks

Consider an experiment in which the study of AB word pairs is followed by successive recognition tests of the B word and the entire AB word pair.  It seems reasonable to assume that there should be a high degree of dependence between the B and AB recognition tests.  However, this turns out not to be the case.  Rather, Gardiner (1994) found a high degree of independence between the results of B and AB yes/no recognition tests and Glass, Lian, & Helstrup (2003) found even more independence between B and AB forced-choice recognition tests.  

Glass et al. (2003) accounted for the empirical finding of independence between recognition tests with a dual representation assumption and an independent processing assumption.  The dual representation assumption is that the terms of the study pair may be encoded both as a single representation and as distinct representations.  For some items, such as head LIGHT and sun DAY, the dual representation assumption is especially plausible because the representation of the word pair may have an entirely different meaning from the representations of the individual words.  The independent processing assumption was that the probability of encoding and retrieving the single representation of the entire word pair was independent of the probability of encoding and retrieving the distinct representations of the individual words of the pair.  
Glass et al. (2003) applied a quantitative model of the dual representation and independent processing assumptions both to Gardiner’s (1994) results and their own.  Both the Gardiner and Glass et al. studies had assessed independence between B and AB recognition.  Independence was assessed using Yule’s Q, which will be described below.  Predicted values of the probability of recognition of the B-word, P(RnB), of the AB pair, P(RnAB), and of Yule’s Q where derived from the model.  A total of 24 out of 24 predicted values did not differ from observed values across conditions varying study time and retention interval in five different experiments.  In comparison, models in which encoding or retrieval of the whole was assumed to be dependent on encoding or retrieval of the part predicted significantly higher values of Q than were observed. 

The model of Glass et al. (2003) is only the latest in a series of models that incorporate the dual representation hypothesis, including Humpheys (1976; 1978), Mandler (1980), Jacoby (1991), and Clark and Gronlund (1996).  The principal difference between the proposal of Glass et al. (2003) and earlier proposals is that Glass et al. (2003) proposed that part versus whole representations were encoded and retrieved independently.  In some models (Clark & Gronlund, 1996; Humpheys 1976; 1978) the encoding and/or retrieval of the whole is dependent on the encoding and/or retrieval of its parts.  Mandler (1980) assumed that during B recognition the B word functioned as a recall cue for the AB pair.  However, these assumptions predicted significantly higher values of Q than were observed by Glass et al.  

Purpose of Experiments
To summarize, Gardner (1994) and Glass et al. (2003) found a high degree of independence between B and AB word recognition following the study of a list of AB word pairs.  Glass et al. used a three-parameter quantitative model derived from the dual representation and independent processing hypotheses to predict 36 data points in the five experiments conducted in the two studies.  Except for three data points under the conservative criterion, the predicted versus observed points were not significantly different.  

On the other hand, the necessity of the independent processing assumption to predict the data was surprising.  Before the experiments were performed it was not anticipated that the only model that predicted the results was one in which the entire study item and each of its terms were encoded and recognized independently.  The purpose of this study was to provide a further, this time a priori, test of the model and of alternative explanations of the independence between part and whole recognition.  

Gardiner (1994) and Glass et al. (2003) both compared B and AB recognition.  In order to fit their model to the data, Glass et al. assumed that the probability of encoding and ultimately recognizing the A word was equal to that for the B word.  The current study tested recognition of the A word for the first time.  So this experiment tested for the first time the assumptions that P(RnA) = P(RnB) and that recognition of one word is completely independent of the other.

Also, it seems reasonable that the recognition test for the B word provided an opportunity to learn B words that had not be encoded at study.  However, there was no way to assess this learning when B recognition was always followed by AB recognition.  In the current study the AB study task was followed by all three possible recognition tests: A, B and AB.  All possible orders of the test were used.  So it was possible to directly compare the effect of an A and/or B recognition test on subsequent AB recognition with the effect of an AB recognition test on subsequent A or B recognition.

One problem in doing contingency analyses like those described here is the possibility of Simpson’s paradox, which will be described in more detail below.  Simpson’s paradox is that when higher-dimensional contingency tables are collapsed into a lower-dimensional table, the summary table may show a relationship different from that shown when the stratification in other variables is respected.  For example, the high values of independence observed in previous studies might be an artifact of the collapsing process rather than a true reflection of the underlying relationship between part and whole recognition.  To deal with this possibility a new, more powerful method of analysis is introduced that greatly reduces the probability of such an artifactual result.  Finally, in the previous study the subset of high confidence judgements were not predicted as accurately by the model as was the entire data set.  Confidence judgements were again collected as a test of the model. 

Method

Participants. A total of 48 undergraduate General Psychology students of Rutgers University served as participants in the study. All participants were native speakers of English.

Materials and procedure.  The Tulving and Thomson (1973) list of 48 word pairs was used.  Two semantically-related distractors to each of the A words and two semantically-related distractors to each of the B words of each pair were taken from the list used by Lian, Glass, and Raanaas (1998).  In addition, two more semantically-related distractors for the A-word and B-word of each pair were generated.  These were used to create two sets of 48 distractor word pairs to present with the 48 target pairs in a forced choice recognition test.  A total of 18 subjects rated the degree of association between the words of each of the 96 distractor pairs on a 3-point scale, with 1 for weakly associated, 2 for somewhat associated, and 3 for strongly associated.  The mean rating for the two sets of the distractor pairs (1.8 and 1.7, respectively) was not significantly different (F(2,94) = 2., p > .05) than the mean ratings for the study pairs (1.9) collected by Lian et al. (1998).  Furthermore, for most of the test triplets, the associative strength of one of the two distractors was greater than the associative strength of the target.  Also, for most of the test triplets, the associative strength of one of the two distractors was less than the associative strength of the target.

The word pairs were presented, one at a time, on a PC screen. The presentation rate was set to one word every 5 seconds. The A word was printed in lowercase and the B word in uppercase letters, and the A word always appeared to the left of B.  The study list was presented to each participant in a different random order.  Participants were told to study each pair carefully in expectation of three memory tests later in the week.  The subsequent memory tests were mentioned to provide an incentive for the participants to take the study task seriously.  However, no details beyond the phrase, “three memory tests,” were given, so the participants had no reason to adopt any particular study strategy.  

Participants were given three recognition tests two days after the study session.  For all recognition tests, the study items were presented, one at a time on a PC screen, in a different random order to each participant.  In the A and B recognition tests the 48 target words were mixed with 96 new words, i.e. 144 items presented in 3 words (a target and two distractors) at a time.  The two distractors were semantically related to the target, e.g., SMOKE TASTE SMELL, where SMOKE was the target.  Participants were told that each row contained one and only one target word from the study list.  Participants responded on the keyboard with a 1, 2, or 3 to indicate the position of the target among the test items.  After the target was selected the words “Confidence for:” appeared on the screen along with the test items.  Participants were told to rate their degree of confidence by using the keyboard to respond 3 for ‘certain,’ 2 for ‘may be’ and 1 for ‘guessing.’  Once a response was made the next item was presented.  A participant could not go back and change a previous response.  The AB recognition test was identical to the A and B recognition tests except that the targets were the study pairs and the distractors were pairs, so 288 words were seen.1  Participants were given as much time as they wished to complete each recognition test and took about 5 minutes per test.  After each test one or two minutes passed while the participant got up and went to the next room to get the experimenter, who opened the next test file on the computer.  Eight subjects saw the three recognition tests in each of the six possible orders of presentation.  All the items presented during study and during each of the recognition tests are shown in Appendix A.

Results

Two different kinds of analyses were performed on the data.  First the probability of recognition for each test condition and Yule’s Q for the degree of independence between each pair of tests was computed for the data.  Second the data were fit to the dual representation, independent processing model.

Yule’s Q
Two criteria were used for scoring the data.  For the lax criterion correct responses were scored as hits regardless of the confidence rating given by the participant.  For the conservative criterion only hits that were assigned a confidence rating of 3 were counted as hits.  

Yule’s Q was used to assess the degree of independence because it is a popular measure of correlation for 2 x 2 contingency tables (Kahana, 2000).  Let the results of the two recognition tests be P(Rn1), the probability of recognition on test 1, and P(Rn2), the probability of recognition on test 2.  Let P1,1 = P(Rn1(Rn2), the proportion of items that are recognized on both tests, P0,1 = P(nRn1(Rn2), the proportion of items that are only recognized on the second test, P1,0 = P(Rn1(nRn2), the proportion of items that are only recognized on the first test, and P0,0 = P(nRn1(nRn2), the proportion of items that are recognized on either test.  Yule’s Q is given by the equation: Q = (P1,1*P0,0 - P0,1* P1,0)/( P1,1*P0,0 + P0,1* P1,0).  Both a Yule’s Q of -1.0 and + 1.0 mean complete dependence, while a Yule's Q of 0 means complete independence between the tests compared (Bishop, Fienberg & Holland, 1975).   Yule’s Q is a transformation of the odds ratio, given by OR =  P1,1*P0,0 / P0,1* P1,0.  The two measures are related by Q = (OR – 1)/ (OR + 1).

----------------------------------------

Insert Table 1 about here

----------------------------------------

Table 1 shows the mean probability of recognition for each recognition test and for each order in which the recognition tests were given.  First consider the results for the lax criterion, which made use of all the responses.  A level of p = 0.05 was adopted for all significance tests.  To determine whether an AB recognition test had an effect on A or B recognition,  logistic regressions were performed.  For the groups of participants in which the AB recognition test was given first or last a logistic regression was performed on P(RnA) and P(RnB) in which the independent variables were whether the target was A or B and whether the tests were given before or after the test of AB.  There was not a significant effect of whether the target was A or B, Wald (2(1) = .52.  However, recognition for an A or B item was significantly greater when it followed the AB recognition test, Wald (2(1) = 86.29.  Also, for the groups in which the AB recognition test was the middle test given a logistic regression was performed on P(RnA) and P(RnB) in which the independent variables were whether the target was A or B and which test was given before and after the test of AB.  There was not a significant effect of whether the target was A or B, Wald (2(1)= .70.  However, there was a significant interaction between recognition and the order in which the test was given, Wald (2(1) = 58.08.  Recognition was greater for the test that came after the AB test than for the test that came before the AB test. For P(RnAB), there was not a significant effect of test position, Wald (2(1) = 3.75. These results confirmed that the AB recognition test acted as a second study trial for the target.  These findings were used to guide the derivation of predictions of the quantitative model.

As can be seen from Table 1, the pattern of results was the same when responses were restricted to those made under the highest level of confidence.  This was confirmed when the same analyses of variance were performed for those responses performed under the conservative criterion.  For P(RnAB), there was not a significant effect of test position, Wald (2(1) = 0.003.  For the groups of participants in which the AB recognition test was given first or last there was not a significant effect of whether the target was A or B, Wald (2(1) = 1.54; however, recognition for an A or B item was significantly greater when it followed the AB recognition test, Wald (2(1) = 26.87.  For the groups in which the AB recognition test was the middle test there was not a significant effect of whether the target was A or B, Wald (2(1) = 3.17; however, there was a significant interaction between recognition and the order in which the test was given, Wald (2(1) = 6.78.

Table 2 shows the mean probability of recognition for lax and conservative confidence levels, collapsed across whether recognition for an A or B item or an AB item was tested first.  

Analyses of Yule’s Q

Table 3 shows the mean Yule’s Q for each pair of recognition tests.  Notice that in order to compute Q we must construct a 2x2 contingency table whose cells are P1,1  = P(Rn1(Rn2), P0,1  = P(nRn1(Rn2), P1,0  = P(Rn1(nRn2), and P0,0  = P(nRn1(nRn2), thus collapsing across contingency tables for individual subjects or items.  Simpson’s paradox is that if higher-dimensional contingency tables are collapsed into a lower-dimensional table, the summary table may show a relationship different from that shown when the stratification in other variables is respected.  Hintzman (1980; 1987) argued that Simpson’s paradox must be considered in the analysis of memory retrieval.  For example, suppose that in the present study half of the AB pairs were perfectly learned at study so that the B term was always recognized on the first recognition test, and the entire AB term was always recognized on the second recognition test.  A 2x2 contingency table for the two recognition tasks would show perfect learning and perfect dependence for these items.  Further suppose that the remaining pairs were not learned at all, so performance was at chance in both recognition tests and the 2x2 contingency table for the two recognition tests would show no learning and perfect independence for these items.  Nevertheless, when the tables were combined into a single subjectwise analysis the contingencies would indicate both significant learning and a high degree of independence between the two recognition tests.  Due to Simpson’s paradox, if individual items differ in recognizability then independence can be observed when the data are tabulated subjectwise (i.e., collapsed over items) even if there is a degree of dependence for each item.

Simpson’s paradox could occur in this setting because of the way the four-way contingency table (items by subjects by first recognition test by second recognition test) was collapsed. In order to deal with this problem we introduce a new method of establishing confidence intervals for Q that begins with the raw, untabulated, data. We do not model subject-item interaction, but we explicitly model both subject and item effects so as to account for heterogeneity due to subjects and items.  By incorporating item and subject effects simultaneously, our proposed model eliminates spurious association (or lack of association) caused by collapsing along item or subject effects as can occur in Simpson's Paradox.  The approach here is similar to that of Flexser (1981), who described a technique to homogenize 2 x 2 contingency tables based on a random effects normal model. Like the present approach, Flexser  used random effects for item and subject effects. Unlike Flexser, the present approach utilizes a logistic, rather than normal, distribution for errors, thus giving correct standard errors away from probability 1/2 and preventing estimates of probabilities from being below 0 or greater than 1.  Algorithms for solving mixed effects logistic regression were not available in 1981.

We propose the following random effects logistic regression model for the probability of a correct A response by subject i on item j given the response of the subject to the B component of the item:
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 is the log-odds ratio of the response to the B prompt, conditional on the subject and item.  It thus represents a subject-and item-specific effect, as distinct from the sample-averaged effect obtained from a summary table for subjects or items.  The model in Equation (1) allows heterogeneity in both subjects and items, but assumes a uniform shift of 
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The model in Equation (1) is an example of a generalized linear mixed model or GLMM (Agresti, Booth, Hobert, & Caffo, 2000).  Algorithms to fit such models have been developed in the last decade. We fit the model to our data using the GLIMMIX macro for SAS (Little, Milliken, Stroup, & Wolfinger, 1996), which uses a method known as pseudo-likelihood, and then confirmed the results using both the glmmPQL function in R (Venables & Ripley, 2002), which uses the closely-related penalized quasi-likelihood approach and with WinBUGS, which uses a Markov Chain Monte Carlo method (Spiegelhalter, Thomas & Best, 1999).  Although the computation of the standard Yule’s Q formula is symmetric with respect to the two responses, P(Rn1) and P(Rn2), the model in Equation (1) is not, and fitting the complementary model of  B regressed on A gives very slightly different estimates of 
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 and its variance averaged over the two models.  

We also show results when the data is restricted to pairs of responses in which the subjects had high confidence.  In this case, not only is the sample size smaller, but the experiment is no longer balanced in the sense that we do not analyze data on all subject-item combinations. The three estimation methods (GLIMMIX, glmmPQL, and WinBUGS) gave very similar results for both the full set of data, and the high confidence data.  We believe that because of the sparse data, the results for the high confidence judgements should be interpreted with caution.  

Notice from the Table 3 that Q was greater when single item recognition followed pair recognition.  The six pairs of Qs (single item recognition before versus single item recognition after) were tested by six F-tests of the linear contrast.  Each F was computed twice; since, as mentioned above, slightly different Qs were produced depending on whether the first test was modeled as dependent on the second or vice versa.    This effect of order was significant for all three Qs for the entire data set (lax criterion).  For P(RnA) versus P(RnB), the statistics were F(1, 2107) = 4.32 and 3.76 (F(1,2107) = 3.76 corresponds to a p-value of p = .0526), for P(RnA) versus P(RnAB) the statistics were F(1,2106) = 7.09 and 7.68; and for P(RnB) versus P(RnAB) the statistics were F(1,2199) = 8.50 and 8.24.  The same analyses did not produce significant differences when restricted to the high confidence responses, perhaps because they were based on sparse data.    For P(RnA) versus P(RnB), the statistics were F(1, 193) = 0.40 and 0.46, for P(RnA) versus P(RnAB) the statistics were F(1, 345) = 0.67 and 0.12; and for P(RnB) versus P(RnAB) the statistics were F(1,420) = 0.21 and 1.09.  
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Insert Tables 2 and 3 about here
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 Modeling Independence in Successive Recognition Tasks
Let us consider how the learning and recognition processes that predict these results might be modeled.  First, notice that when single-word recognition preceded AB recognition there was complete independence among all three recognition tests.  The only way to account for these results is to first assume that during study, the encoding of each word was independent of the other word and of the entire word pair; and during test the retrieval of each word was independent of the other pair and of the entire word pair.  Second notice that when AB recognition preceded single-word recognition there was some dependence among the three recognition tests.  This was explained by assuming that in this condition during the single-word recognition test the word was used as a retrieval cue for the entire study pair.

A three-parameter quantitative model was constructed that incorporated these key assumptions.  This model was described in detail by Glass, et al. (2003) and so its derivation will not be repeated here.  Rather, its critical assumptions will be mentioned.  

A critical assumption is that on an initial study trial only part of the AB word pair may be encoded, i.e., distinct representations of the A-word and the B-word or just the A-word or just the B-word.  It forms the basis of fragment theory, which has been used to make quantitative fits to data in a variety of recognition and recall tests (Lansdale & Laming, 1995; Jones, 1978; 1984; Ross & Bower, 1981). 

One question addressed in this study that could not be answered by Glass et al. (2003) was the probability that a recognition test could also function as a study trial.  Within the model of Glass et al., PENC(T) was the probability that a single word was encoded during the study task and PENC(AB) was the probability that the entire word pair was encoded during the study task.  Furthermore, it was assumed that there was a small, but nonzero, probability,  PM(D), that a distractor would nevertheless mach a representation at test.  Notice that PM(D) would not only produce false alarms, but also inflate hits because targets that had not been encoded at study might nevertheless matched representations with a probability of PM(D).

The fact that P(RnAB) did not differ in value whether recognition of the AB pair preceded or followed single-word recognition required that the amount of learning during single-word recognition be small.  It was assumed that an unencoded single-word target was encoded with a probability of PENC(T) whenever the target, but neither distractor, matched a representation during the single-word recognition test.  Similarly, it was assumed that an unencoded AB target was encoded with a probability of PENC(AB) whenever the target, but neither distractor, matched a representation during the AB recognition test.

The best fitting values of the parameters PENC(AB), PENC(T), and PM(D) were used to predict the twelve empirical measures of recognition and the independence between them shown in Tables 2 and 3 for the lax criterion.  Since the same three parameter values were used to predict 12 independent data points this was a rigorous test of the model.  The predicted values of the data points when PENC(AB) = 0.35, PENC(T) = 0.55, and PM(D) = 0.5 are shown in Tables 2 and 3.  To evaluate whether they were significantly different, t-scores were computed between the predicted and the observed values as described by Hayes (1973; p. 399).  No observed values were significantly different from the values predicted by the model.

Discussion

To summarize, the results here confirmed and extended the results of Gardiner (1994) and Glass et al. (2003).  When an A or B recognition test precedes an AB recognition test there is complete independence between recognition of the A and B items and between recognition of the A or B item alone and recognition of the AB pair containing it.  When AB recognition is tested first, there is a small degree of dependence between single word and pair recognition.  These results are predicted by a theory of encoding in which separate representations of the entire AB pair and the A and B terms are encoded separately when an AB study term is encountered.  Consistent with this theory, an AB recognition test functioned as a second study trial for the A and B items, hence increasing A and B recognition and the degree of independence among the tests.  However, an A or B recognition test did not function as a second study trial for the entire AB item; hence it did not increase recognition of the AB item.  The independence between part (A or B) and whole (AB) recognition has now been observed in three studies performed with three distinct populations (England, Norway, United States) in two languages (English and Norwegian).  All these results were predicted by a single three-parameter mathematical model derived from the dual representation assumption of independent whole and part encoding and retrieval.  

Furthermore, other results have been reported consistent with dual representation theory.  Humphreys (1976; 1978) compared recognition for intact versus reversed study pairs in a recognition test for word pairs.  Consistent with dual representation theory, recognition was significantly higher for the intact pairs.  Osgood and Hoosain (1974) measured the durations at which individual words and nominal word pairs (e.g., looking glass) were recognized.  Recognition thresholds for the nominal word pairs were correlated with the frequency of the pair but not with the frequencies of the individual words.  So a considerable body of evidence now supports dual representation theory.  

The independence observed between part and whole recognition rules out three plausible hypotheses about encoding and retrieval.  It cannot be the case that during study, encoding the entire study pair is dependent on the encoding of the individual words.  Similarly, it cannot be that the case that during test, recognition of the entire study pair is dependent on recognition of the individual words, or vice versa.  Nor can it be the case that on the second of two recognition tests participants remembered and made use of their responses on the first recognition test.  All three of these hypotheses predict a degree of dependence between the recognition tests that was not observed.  Among the models that incorporate one or more of these hypotheses are models in which the target is matched to a single representation (Bain & Humphreys, 1988; Humphreys, 1976; 1978) and the global matching models described by Clark and Gronlund (1994).
On the other hand, there was a degree of dependence between whole and part recognition when the AB recognition test preceded the A or B recognition test.  This finding was accounted for by assuming that when both a single word and the entire pair had been encoded, the single word could function as a retrieval cue for the entire pair.  This was not an ad hoc hypothesis.  The hypothesis that the part may serve as a cue for the whole in recognition was first proposed by Rabinowitz, Mandler, and Patterson (1977).  They and Mandler (1980) presented considerable evidence in support of it.  However, Mandler (1980) suggested that the use of a single word as a retrieval cue for the pair would be a general retrieval strategy but our participants only employed it when single-word recognition followed AB recognition.  

It seems likely to us that the degree to which a single word is used as a retrieval cue for a study pair in a recognition test is influenced both by specific item characteristics and by specific task demands.  For example, in this experiment participants only made use of a single word as a retrieval cue for the entire AB pair when they had just completed an AB recognition test.  So participants only thought to use a single word as a retrieval cue for the entire pair when prompted by a detail of the experimental procedure: an immediately prior recognition test for the entire pair.  If Mandler’s (1980) model is modified so that the use of a single word as a retrieval cue for the pair is a task and/or item specific rather than a general recognition strategy then the model becomes similar to the dual representation, independent processing model presented here.

Two other results of interest are the limited role that a recognition test plays as an additional study trial and the equivalent learning of A and B.  First, a target was only encoded during recognition when it matched a representation in memory and neither distractor matched a representation in memory.  Second, both the A and B words were equally likely to be encoded and equally effective as retrieval cues.  This result is inconsistent with theories in which forward associations from the A to the B word are stronger than backward associations from the B to the A word.  However, it is consistent with data presented and reviewed by Kahana (2002) that the associations are symmetrical.  

The results of this study demonstrate the utility of contigency analyses across memory tests to constrain and test competing hypotheses of encoding and retrieval.  However, in the calculation of dependent relations, it illustrates the importance of taking account of the effect of Simpson’s paradox, as was done in the analyses here.  When this is done, part versus whole analysis provides a useful for tool for examining the organization of memory by determining the degree of independence between parts and wholes. 

One approach to explaining the independence observed in successive part and whole recognition tests is through those dual representation theories that posit that there are two dissociable encoding and retrieval processes that result in familiarity versus recollection judgements (Mandler, 1980; Jacoby, 1991).  More recently, these have been characterized as know versus remember judgements (Gardiner & Java, 1993).  Recently, the remember-know version of the dual representation hypothesis has been successfully applied to explain the mirror effect, which is that hit rates are greater for low frequency than for high frequency targets and false alarm rates are lower for low frequency than for high frequency distractors.  Recognition judgements for higher frequency items tend to contain fewer remember judgements than recognition judgements for lower frequency items (Hirshman, Fisher, Henthorn, Arndt, & Passannante, 2002; Joordens & Hockley, 2000; Reder, Nhouyvanisvong, Schunn, Ayers, Angstadt, & Hiraki, 2000).  One way of applying this description to part versus whole recognition of word pairs is to treat the individual words as the high frequency items and the word pairs as the low frequency items.  Hence, B recognition would contain fewer remember judgements than AB recognition.

Donaldson (1996) argued that the distinction between remembering and knowing is better understood as a distinction between responses that lie above a second decision criterion and responses that do not.  Similarly, if one assumes that single word judgments contained more low confidence judgements than pair judgments,

then the degree of independence between part and whole recognition will be inflated by low confidence decisions, so that the degree of dependence will be greater for just high confidence judgements.  In fact, Glass et al. (2003) collected confidence ratings and found that the degree of dependence was higher for just the high confidence judgements of B and AB targets.  However, here the high confidence judgements were not reliably more dependent than the entire data set, which directly contradicts the results of Glass et al., (2003).  However, Glass et al. (2003) did not control for a possible Simpson’s paradox effect, which tends to inflate the degree of dependence observed in collapsed contingency tables in memory experiments (Kahana, 2002).  Until the degree of independence observed for high confidence judgements is determined with more certainty it seems prudent to refrain from speculating about how confidence is assigned.

Recognition and Recall

Finally, though this study was only concerned with recognition, it has implications for recall as well.  Referring toTulving and Thomson’s (1973) finding of recognition failure of recallable words, Tulving (1983) claimed that recognition failure of recallable words undermined the generate and recognize theory of recall:

we found that a subject could indentify only 24% of the previously seen B items as ”old,” although they recalled 63% of these targets when A items were presented as cues.  These data ruled out the generation/recognition theory of recall, since it was impossible, according to the theory, for words to be recalled that could not be recognized.

An implication of the claim that, ”it was impossible, according to the [generation/recognition]theory, for words to be recalled that could not be recognized,” is B and AB recognition are highly correlated.  The generate and recognize model of recall assumes that when B is recalled in response to A, the entire AB study pair is recognized.  But Tulving and Thomson (1973) never tested AB recognition, only B recognition.  The finding of independence between B and AB recognition demonstrates that Tulving’s assumption that they are highly correlated is false.  The recognition failure of recallable words B words necessarily follows from the recognition failure of B words from recognizeable AB pairs according to the generate and recognize theory.  So this finding is not evidence against the theory but rather follows directly from it.   So it may be time to reconsider whether the generate and recognize represents the most satisfactory explanation of recall.

In fact, the results reported here for contingent recognition in paired-associate learning could not be more different from Kahana’s (2002) findings for contingent recall.  He also presented AB word pairs.  Then, participants had to both recall B in response to A and A in response to B in separate cued recall tests.  The median Q across subjects for the degree of independence between these two recall tests was 0.91, SE =.02 compared with a Q of 0 for recognizing A versus recognizing B in this study.  We can explain this difference within the framework of dual representation theory by assuming that the necessary condition for A being a recall cue for B is that both A and AB are recognizeable.  Similarly, for B to be a recall cue for AB both B and AB must be recognizeable.  More specifically, according to the model presented here, the probability of recalling B (RcB) given A is PM,T(A)*PENC(AB), the probability of recalling A given B (RcA) is PM,T(B)*PENC(AB),  and P(RcA(RcB) = PM,T(A)*PM,T(B)*PENC(AB).  The same parameter values used to predict recognition here also predict that if cued recall had been tested instead, P(RcA(RcB) = .85.  Hence, the results presented here for recognition are not inconsistent with Kahana’s (2002) results for recall, but predict them as well.  In fact, as Kahana, notes, collapsing from higher order to lower order contingency tables inflates Q.  If the effect of collapsing over the contingency tables for the individual items was removed, Kahana’s value of .91 would shrink and be even closer to the predicted value of .85.

Taken together, Kahana’s results and the ones presented here completely reverse what has been assumed to be true about the recognition and cued recall of word pairs.  Recognition of the part does not imply recognition of the whole when part versus whole recognition are based on independently encoded  A versus AB memory traces.  However, cued recall of A by B is predictive of cued recall of B by A when both require, and hence are constrained by, the encoding of single AB representation.
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Footnotes

1 Our intention was to use 384 different words to construct our distractors.  But only 372 words were used, a dozen were used twice.  As a result, on a dozen trials out of 144 a subject would see a word used as a distractor for the second time.  To deal with this problem, all data analyses were done twice.  The first analysis used all the items and the second excluded those trials on which a word appeared as a distractor for the second time.  The analyses excluding the repeated items are now.  However, a digit by digit comparison between the results for the analyses of the complete and slightly reduced data sets revealed that they were indistinguishable.

Table 1

Means (and Standard Errors) for the Probability of Recognition of the A-Word, P(RnA), the B-Word, P(RnB), and the Entire AB Study Pair P(RnAB) for Each Order of Presentation of the Recognition Tests

	
	Criterion

	
	Lax

	Order
	P(RnA)
	P(RnB)
	P(RnAB)

	A,B,AB
	.50 (.03)
	.51 (.03)
	.74 (.02)

	
	
	
	

	B,AB,A
	.64 (.03)
	.47 (.03)
	.73 (.02)

	
	
	
	

	AB,A,B
	.71 (.03)
	.63 (.03)
	.66 (.02)

	
	
	
	

	B,A,AB
	.44 (.03)
	.44 (.03)
	.78 (.02)

	
	
	
	

	A,AB,B
	.51 (.03)
	.73 (.02)
	.78 (.02)

	
	
	
	

	AB,B,A
	.58 (.03)
	.69 (.02)
	.76 (.02)

	
	
	
	

	
	Conservative

	A,B,AB
	.50 (.04)
	.58 (.04)
	.86 (.03)

	
	
	
	

	B,AB,A
	.74 (.04)
	.53 (.04)
	.85 (.03)

	
	
	
	

	AB,A,B
	.84 (.03)
	.83 (.03)
	.74 (.03)

	
	
	
	

	B,A,AB
	.51 (.05)
	.49 (.04)
	.89 (.02)

	
	
	
	

	A,AB,B
	.67 (.04)
	.94 (.02)
	.94 (.02)

	
	
	
	

	AB,B,A
	.69 (.04)
	.82 (.03)
	.88 (.03)

	
	
	
	


Table 2
Observed (and Predicted) Means, Standard Errors, and Confidence Intervals for the Probability of Recognition of the A-Word P(Rn)or the B-Word, P(RnB), for the entire AB Study Pair P(RnAB)

	Order
	
	Criterion

	
	
	Lax
	Conservative

	
	
	P(RnA)
	P(RnB)
	P(RnAB)
	P(RnA)
	P(RnB)
	P(RnAB)

	A, B First
	Mean
	0.48 (.47)
	0.47 (.47)
	0.76(.72)
	0.56
	0.53
	0.87

	
	Standard Error
	0.016
	0.015
	0.017
	0.027
	0.024
	0.019

	
	95% Confidence
	0.45, 0.51
	0.44, 0.50
	0.73, 0.79
	0.51, 0.61
	0.48, 0.58
	0.84, 0.91

	AB First
	Mean
	0.64 (.67)
	0.68 (.67)
	0.71 (.71)
	0.76
	0.86
	0.81

	
	Standard Error
	0.016
	0.014
	0.016
	0.021
	0.016
	0.022

	
	95% Confidence
	0.61, 0.67
	0.66, 0.71
	0.68, 0.75
	0.72, 0.80
	0.83, 0.89
	0.77, 0.86



Table 3
Yule’s Q, Standard Error, and Confidence Interval for the Degree of Independence Between the Probability of Recognition of the A-Word, P(RnA), the B-Word, P(RnB), and the Entire AB Study Pair P(RnAB) 

	Order
	
	Criterion

	
	
	Lax
	Conservative

	
	
	RnA, RnB
	RnA, RnAB
	RnB, RnAB
	RnA, RnB
	RnA, RnAB
	RnB, RnAB

	A, B First
	 Q
	0.03 (0)
	0.00 (0.07)
	0.02 (0.07)
	0.44
	-0.05
	0.04

	
	Standard Error
	0.078
	0.075
	0.073
	0.184
	0.194
	0.209

	
	95% Confidence
	-0.13, 0.18
	-0.15, 0.15
	-0.12, 0.16
	0.02, 0.72
	-0.40, 0.32
	-0.36, 0.42

	AB First
	 Q
	0.26 (.26)
	0.28 (.36)
	0.32 (.36)
	0.60
	0.13
	0.27

	
	Standard Error
	0.084
	0.070
	0.071
	0.174
	0.230
	0.222

	
	95% Confidence
	0.09, 0.41
	0.14, 0.41
	0.17, 0.45
	0.16, 0.84
	-0.31, 0.53
	-0.19, 0.63


Appendix A

 Word Pairs

Study Pair

A-Distractors
B-Distractors
Pair-Distractors

plant-BUG

soil straw
   MOSQUITO LARVA
     leaf-WASP bush-ANT

wish-WASH

sight fantasy
   DUST DRY

     nasty-SING pool-KILL

hope-HIGH

expectation trust
   SKY DESIRE

     jump-LONG talk-HAPPY

stem-SHORT

fiber top
   
   SMALL BIG

     bulldozer-QUICK horse-FAST

whisky-WATER

beer wine
   RIVER CURRENT
    cod-THIRST liquid-SAND

moth-FOOD

insect worm
   DINNER BEVERAGE
    meal-DISH garbage-TABLE

cabbage-ROUND
apple plum
   SHAPE OVAL

     needle-SHARP flame-HOT

glass-HARD

steel iron
   CALM STIFF
     
   service-PLEASANT tile-SALE

land-OPEN

property field
   SHUT CLOSED
     hammer-TIRED key-HEAVY

tool-HAND

drill fork
   NAIL TOUCH

     frame-MAP blood-MOISTURE

memory-SLOW

attention emotion   RAPID SILENT
     travel-FREE pen-COARSE

covering-COAT

shirt garment
   FUR  DRESS

     shield-RABBIT pavement-PIG

barn-DIRTY

house garden
   BRIGHT SAD

     wall-SLIPPERY tape-THIN
spider-BIRD

crow hawk
   SIGN FISH

     cat-CHICKEN animal-WILD

crust-CAKE

pastry layer
   LOAF HAMBURGER
     flake-CREAM bottom-FOIL

deep-SLEEP

shallow even
   PILLOW HAMMOCK
     quiet-KID evil-BED

train-BLACK

bus taxi

   DIM  NIGHT

     paper-BLEAK beer-FRESH

mountain-TREE

rock forest
   PINE SPRUCE       
     rat-FIELD hole-DIVER

cottage-LOVE

cabin tent
   LETTER PHONE
     gate-PROPERTY house-HILL

art-GIRL

skill talent
   FRIEND  STUDENT
     record-ROOM clean-POSTER

adult-WORK

mature people
   LEADER BIRTH
     remember-BOOK observe-CALENDAR

brave-WEAK

heroic bold
   IMPORTANT POWER
    full-HUNGRY tough-OLD

door-RED

gate exit
   
   ORANGE VIOLET
        entrance-MISERY hall-WIDE

roll-RUG

carpet linen
   SHEET FLOOR
       fluid-SOUP branch-SWORD

think.STUPID

observe feel
   CLEVER  DEAF
       leave-SURPRISED hear-KEEN

exist-BEING

happen occur
   TYPE HUMAN
       rubber-SWITCH bill-SPY

home-SWEET

residence flat
   GOOD  FINE

       roof-FLAT chimney-STEEP

grasp-BABY

take stir

   CHILD  BROTHER
       snap-CAR steal-DOLL

butter-SMOOTH

flour meat
   TENDER COZY
         pepper-STRONG butter-SMOOTH

drink-SMOKE

eat swallow
   TASTE  SMELL
       crystal-FOG gas-FIRE

beat-PAINE

knock kick
   FEELING  ACHE
       cry-SIREN roar-PANG

cloth-SHEEP

silk cotten
   GOAT  COW

       pant-POODLE dog-SKIN

swift-GO

fast ready
   STOP  START

       timid-RUN smart-WADE

lady-QUEEN

wife virgin
   KING MOTHER
       woman-PRINCESS youth-EARL

blade-CUT

knife ax

   STAB DIVIDE

       nose-CRUSH leg-BLEED

ground-COLD

earth stand
   WARM  CHILLY
       potato-SOFT lawn-MILD

head-LIGHT

chin lamp
  DARKNESS  VIEW             body-ROSE hair-BLOND

bath-NEED

swim crawl
   AID DEMAND
      play-DREAM jump-DESIRE

cheese-GREEN

jam pepper
   YELLOW  BROWN
       brush-ROUGH steam-THICK

stomach-LARGE

belly jest
   LONG  ENORMOUS
       finger-TINY knee-NARROW

sun-DAY

moon source
   WEEK  MONTH
       winter-BREAD angry-NIGHT

pretty-BLUE

beautiful ugly
   GREY  PURPLE
       nice-OLD attractive-TENSE

cave-WET

tunnel ditch
   RAIN  MIST

       blouse-NEW tulip-RAW

whistle-BALL

horn alarm
   RACKET  NET
       balloon-TOY yell-BALCONY

noise-WIND

sound tone
   STORM  TORNADO
       face-WHITE air-CEILING

glue-CHAIR

paint oil

   BENCH  STOOL
       paint-SOFA snow-WINDOW

command-MAN

order request
   BOY  GUY

       spice-LOW alert-LAMP

fruit-FLOWER

acorn shell
  ROOT LARK                      seed-GRASS meadow-LILLY
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