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Abstract

The purpose of the present study was to determine the extent to which familiarity can support associative recognition memory as a function of whether the associations are within- or between-domain. Standard recognition and familiarity only performance were compared in different participants, using a new adaptation of the Remember/Know procedure.  The results indicated that within-domain (face-face) associative recognition was mainly supported by familiarity. In contrast, familiarity provided relatively poor support to between-domain (face-name) associative recognition for which optimal required a major recollection contribution. These findings suggest that familiarity can support associative recognition memory, particularly for within-domain associations, and contrast with the widely held view that associative recognition depends largely on recollection.

The contribution of familiarity to within- and between-domain associative recognition memory: Use of a modified remember/know procedure

A distinction has been made between memory for items and memory for associations (Humphreys, 1976, 1978). Items (e.g., objects, faces, words, or sounds) are typically perceived and thought of as single things, whereas associations involve relating two or more items to each other in any of a variety of ways (e.g., arbitrarily, spatially, or temporally). 

Memory for items and associations can be assessed by means of a recognition memory procedure. In this procedure, participants study a list of pairs of items (e.g. A-B, C-D, E-F… O-P). Later, item recognition is tested by asking participants to discriminate between studied items (e.g., E) and new items (e.g., Z). Alternatively, associative recognition is tested by asking participants to discriminate between previously studied (or intact) pairs (such as A-B) and rearranged pairs (where the individual items have both been studied, but not together, e.g., C-F). Given that all test pairs comprise studied items, participants cannot succeed at the associative recognition test unless they have memory for the associations.

One key question concerns the memory processes that are involved in item and associative recognition memory: do item and associative recognition memory rely differentially on recollection (a form of cued recall in which a test stimulus cues the recall of associated details from the study context that are diagnostic of true recognition) and familiarity (a feeling that test information has previously been encountered and is produced without recollecting anything associated with the information, Jacoby & Dallas, 1981; Mandler, 1980; Tulving, 1985; Yonelinas, 1994)?

A number of experimental studies, typically using pairs of unrelated words as materials, have suggested that item recognition relies on both familiarity and recollection (although their relative contribution probably varies across different item recognition tasks), but associative recognition depends primarily on recollection (Cameron & Hockley, 2000; Hockley & Consoli, 1999; Gronlund & Ratcliff, 1989; Rotello, Macmillan, & Van Tassel, 2000; Westerman, 2001; Yonelinas, 1997). Of particular interest are the studies which examined the contribution of recollection and familiarity to item and associative recognition memory by means of process-estimation methods, such as the analyses of Receiver-Operating Characteristics (ROC) curves (Yonelinas, 1994) or the Remember/Know procedure (Gardiner, 1988; Tulving, 1985). For example, using the ROC procedure, Yonelinas (1997) and Rotello, Macmillan, and Van Tassel (2000) found that familiarity contributes to item recognition but not to word pair recognition. Using the more phenomenological Remember/Know procedure, Hockley and Consoli (1999) examined the pattern of Remember and Know responses in word and word pair recognition tests. The results showed that associative recognition judgements were accompanied by more Remember responses and less Know responses than item recognition judgements. Moreover, in associative recognition, a higher proportion of Know responses was given to recombined pairs than to intact old pairs, suggesting that these responses were driven by familiarity for the individual old items of the pairs when the participants failed to recollect the pairs. In other words, the study by Hockley and Consoli (1999) showed that associative recognition relied perhaps wholly on recollection, and, when participants used familiarity only (assessed by Know responses), this did not allow correct discrimination between intact and recombined pairs. 

However, the idea that associative memory may be an index of recollection processes exclusively has been recently challenged. It has been argued that familiarity may also make a significant contribution to associative memory. For instance, further analyses of associative memory ROCs suggested that associative recognition was best fitted to a model incorporating both recollection and familiarity components (Healy, Light, & Chung, 2005; Macho, 2004). Currently, an important avenue for research in recognition memory concerns the conditions under which familiarity supports associative recognition memory.

One of such condition has been identified by Yonelinas and colleagues (Quamme, Yonelinas, & Norman, 2007; Yonelinas, 2002; Yonelinas, Kroll, Dobbins, & Soltani, 1999), and concerns the occurrence of unitization. There is unitization when the components of the association have been encoded as a coherent whole, so that the well-integrated whole becomes more familiar than its constituents, and thus should be more familiar than a new rearranged association. In other words, a new item has been formed. 

Evidence in favour of the unitization hypothesis comes from behavioural studies, as well as from neuroimaging and electrophysiological research on associative recognition memory (Haskins, Yonelinas, Quamme, & Ranganath, 2008; Jäger & Mecklinger, in press; Jäger, Mecklinger, & Kipp, 2006; Quamme et al., 2007; Yonelinas et al., 1999). Thus, in a behavioral experiment, Quamme et al. (2007) found that familiarity could be used efficiently to recognize word pairs provided that encoding instructions encouraged subjects to think of each word pair as a new compound word, which led to the creation of a unitized representation. This study used a new Remember/Know procedure in which participants were asked to use only familiarity (see Montaldi, Spencer, Roberts, & Mayes, 2006; Mayes et al., 2007). When the participants treated new pairs of words as single units at encoding (for example, “sea” and “cube” defined as a new compound word meaning “a cube to hold sea water”), the pairs could be successfully recognised on the basis of familiarity. However, when the pairs of words had to be encoded by reference to a sentence (for example, how well does “cloud” and “lawn” fit into the blanks of the sentence “The ___ could be seen from the ___.”), familiarity was relatively ineffective at supporting recognition. This study indicated that familiarity was effective when unitization was promoted at encoding, but not when components were treated as separate entities. Furthermore, activity of the perirhinal cortex was significantly greater when participants encoded the word pairs as a new compound word rather than as two words that fit into a sentence. And this activity was predictive of subsequent familiarity-based recognition of the unitized pairs (Haskins et al., 2008).

Moreover, in an event-related brain potentials study on recognition of face pairs, Jäger et al. (2006) showed that recognizing associations between two photographs of the same person elicited the electrophysiological correlate of familiarity more than recognizing associations between photographs of different persons. Seeing two pictures of the same person has probably created a unitized representation, while seeing pictures of two different persons has not.

Another variable that can influence the support provided by familiarity to associative recognition may be the nature of the associations. More precisely, a distinction can be made between two domains of associations: associations that have components that are similar to each other (within-domain) and associations involving components that are different from each other (between-domain). In reality, the two domains correspond to the opposite ends of a continuum of associations which vary from having very similar to very different components in terms of perceptual features, semantic features and/or sensory modality (Mayes et al., 2004; Mayes, Montaldi, & Migo, 2007). According to this domain dichotomy (DD) view, associative familiarity will support associative recognition strongly when items of the same kind, such as face-face and word-word pairs, are rapidly learned, provided subjects try to link the paired items directly together in an effortful way. These associations are within-domain. Alternatively, recognition memory for associations between different kinds of information (e.g., associations between an object and a spatial location, between an item and its temporal position, between a face and a voice, or between a scene picture and an environmental sound) requires recollection processes and receives little, if any, support from familiarity. These associations are referred to as between-domain associations. Besides within- and between-domain associations, which are inter-item associations, the DD view also includes intra-item associations, which actually are synonym of items. Indeed, any item can be considered as a set of components that have been bound together in such a way that they are perceived and remembered as a single entity (in other words, they have been unitised). Such intra-item associations can also be well recognised on the basis of familiarity.

The DD view also includes a neural model of associative memory. It states that within-domain associative components (which will be primarily, if not solely, of objects or object-like information) converge within the perirhinal cortex. This region has unimodal and polymodal afferent inputs from temporal, parietal and frontal neocortical regions and possesses associative connections, although these are less complex than those found in the hippocampus (Lavenex & Amaral, 2000). It is thus able to create associations between similar components that are represented in closely neighbouring sites in the neocortex. More concretely, the perirhinal cortex uses an algorithm that rapidly identifies common features between distinct inputs, and creates a memory representation that primarily supports familiarity (Norman and O’Reilly, 2003). In contrast, the DD view proposes that between-domain associative components do not converge sufficiently within either the perirhinal cortex or the parahippocampal cortex for much, if any, binding to occur. Instead convergence occurs mainly in the hippocampus where a different pattern separating algorithm creates a memory representation that primarily supports recollection (Norman and O’Reilly, 2003).

 Support for this hypothesis comes from neuropsychological studies of amnesic patients with brain damage largely limited to the hippocampus. These patients demonstrated good recognition memory for items and for associations between items of the same kind, but their performance was severely impaired (and often at or close to chance) on between-domain associative recognition (patient DF, Henke et al., 1999; patient YR, Mayes et al., 2001, 2004; patients Beth, Jon and Kate, Vargha-Khadem, Gadian, Watkins, Connelly, Van Paesschen, & Mishkin, 1997). Given that preserved familiarity, despite disrupted recollection, was found in some of these patients (patient Jon, Düzel, Vargha-Khadem, Heinze, & Mishkin, 2001; Baddeley, Vargha-Khadem, & Mishkin, 2001; patient YR, Holdstock et al., 2002; Mayes et al., 2004), it can be argued that they made appropriate recognition decisions by assessing the familiarity of the within-domain associations. However, familiarity was not useful for between-domain associative recognition. This kind of recognition seems to depend critically on recollection, which was badly impaired in these patients. Barbeau et al. (2005) also reported the case of a patient (FRG) with intact familiarity for visual items who demonstrated normal learning of pairs of similar visual stimuli. All these studies are consistent with the DD view, showing that selective hippocampal lesions disrupt recognition of between-domain associations but not within-domain associative recognition. 

In this context, the present study was designed to test, in a cognitive psychology experiment, the DD hypothesis that recollection and familiarity make a differential contribution to associative recognition memory as a function of whether associations are within- or between-domain, provided links between the components are directly encoded. The central question was whether the degree to which familiarity supports associative recognition is greater for within-domain than between-domain associations. More specifically, the DD view predicts that familiarity should make up a significantly higher proportion of overall recognition for within-domain than for between-domain associations (and, more precisely still, associations with more similar components than associations with less similar components). To answer this question, we used a modification of the remember/know procedure (see Montaldi et al., 2006; Mayes et al., 2007; Quamme et al., 2007) that allowed us to examine how accurate associative recognition is when only familiarity is used. 

Healthy participants studied pairs of items and had later to discriminate between intact pairs and recombined pairs of items. Encoding instructions aimed at the establishment of a direct link between the components (i.e., they “go together”) rather than integrating them into a new higher level concept so as to form a new item. Each participant performed a recognition test for within-domain associations (i.e., face-face associations) and a recognition test for between-domain associations (i.e., face-name associations). At test, some participants were asked to make recognition decisions on the basis of familiarity only, without trying to recollect. Other participants were given standard recognition instructions. Unlike the standard remember/know procedure, estimation of familiarity levels is simplified with the familiarity-only procedure because familiarity estimates are only marginally affected by what is assumed about the statistical relationship between familiarity and recollection. This is because participants are instructed not to try to recollect, just to judge familiarity so that recollection levels (which subjects are asked to report) are very low. 
The DD view predicts that a greater proportion of associative recognition should depend on associative familiarity for within-domain associations than for between-domain associations (Mayes et al., 2004, 2007). Further, familiarity alone should reach well above chance performance in the face-face task, but, in the face-name task, it should be very poor or possibly at (or close to) chance as observed in amnesic patients with selective hippocampal damage (Henke et al., 1999; Mayes et al., 2001, 2004; Vargha-Khadem et al., 1997). In contrast, if associative recognition memory does not benefit from familiarity and depends primarily, or even solely, on recollection when unitization has not been promoted (Quamme et al., 2007; Yonelinas, 2002), familiarity alone will lead to very poor performance in both the face-face and face-name tasks and no difference is expected between the tasks. 

Method
Participants

Sixty-four participants aged between 18 and 32 years old (47 women and 17 men) were included in this experiment. They were undergraduate or PhD students at the University of Liège, Belgium. 

Materials

The stimuli were 160 colour photographs of faces and 80 names (first names). Among the faces, 80 represented men and 80 represented women, aged between 20 and 30 years old. All the faces showed a neutral expression. No jewellery and no items of clothing were visible on the pictures. As for the names, half of them were masculine names and the other half were feminine names. They were chosen among the 100 most common names in 1900 (database from the National Directory of Identification of Physical Persons, France, available on the Internet) and did not appear in the lists of frequent names between 1974 and 1984 (i.e. given to people aged between 20 and 30 at the time of the current experiment). These ‘old’ 1900 names were chosen to further reduce the influence of the practice that young participants may have to associate highly familiar names to faces of the same age as theirs. The face stimuli were divided into two sets of 80 faces (A and B), each comprising 40 male and 40 female faces. The name stimuli were divided into two sets of 40 names (sets 1 and 2), each containing 20 masculine names and 20 feminine names.

In the face-face associative recognition task, the two sets of 80 faces (A and B) served to construct two different study lists. In each set, the male faces were randomly organized into pairs, as were the female faces, thus leading to 40 pairs of faces (20 of each gender). 

In this study, we directly compared face-face (within-domain associations) and face-name (between-domain associations) memory tasks. During piloting with standard recognition instructions, performance was higher in the face-name task than in the face-face task. In order to match the tasks in terms of level of performance as much as possible, participants were given more time to study the face-face pairs than the face-name pairs. As both recollection and familiarity appear to increase with study duration (see Yonelinas, 2002 for a review), this manipulation should not affect the proportion of recognition that is driven by familiarity.

The encoding phase of the face-face task comprised the presentation in random order of a list of 40 pairs of faces (e.g. from set A). The faces appeared side by side on a personal computer screen. Each pair was presented for 5 s. After all the 40 pairs had been shown a first time, they were presented a second time in another order. After the encoding phase, there were two forced-choice recognition tests, each preceded by a short practice. In the face recognition test, two faces, one studied face and one new face, were displayed one above the other. All the target faces came from different studied pairs. The distractor faces were chosen from among the other set of faces (e.g. set B) and were matched to the target in terms of gender. There were four practice trials and 16 test trials. In the face-face associative recognition test, two pairs of faces were presented one above the other. One of them was a studied pair (intact pair), while the other was composed of two faces that had been previously seen, but not together (recombined pair). Each test item comprised an intact pair and a recombined pair. In these test items, each intact pair (X-Y or A-B) was tested alongside a recombined pair (X-Z or A-D respectively). The position of the faces in each pair (left or right) was always the same as in the encoding phase. There were four practice trials followed by 16 test trials. Each item appeared in only one test. The order of the item and associative recognition tests was counterbalanced across the participants.

For the face-name associative recognition task, 40 faces were selected from each set of 80 faces (sets A vs. B) and were paired with one list of 40 names (either set 1 or 2), with the constraint that the name and the face had to be of the same gender. This resulted in two different study lists of 40 face-name pairs. 
During the encoding phase of the face-name task, a list of 40 face-name pairs (e.g., 40 faces from set B and name set 2) was presented in random order. Each pair was shown for 2 s. After a first presentation, the same list was re-presented in a different order. Three types of forced-choice recognition tests followed the encoding phase: one face recognition test, one name recognition test and one face-name associative recognition test. Each test was preceded by a short practice. In the face recognition test, two faces, one studied face and one new face, were displayed one above the other. The distractor faces were chosen from among the unstudied faces of the set and were gender matched to the target. There were 2 practice trials and 8 test trials. In the name recognition test, two names were shown one above the other. One of the names was old and the other was new. The distractor names were chosen among the other, unstudied, set of names and were matched to the target in terms of gender. There were 2 practice trials and 8 test trials. In the face-name associative recognition test, two face-name pairs were presented one above the other. One pair was studied (intact pair), while the other was composed of a face and a name that had been previously seen, but not together (recombined pair). There were four practice trials followed by 16 test trials. Each face or name appeared in only one test. There were two orders for the tests (face recognition test, name recognition test, and face-name associative recognition test versus face-name associative recognition test, face recognition test, name recognition test), which were counterbalanced across the participants.

Procedure

The participants were tested individually. They were randomly assigned to one of two conditions: Standard Recognition and Familiarity only. Before the tasks were administered, the experimenter explained the distinction between recollection and familiarity processes and ensured that it was properly understood by the participant. The participants then performed the face-face associative recognition task and the face-name associative recognition task. The order of presentation of the tasks was counterbalanced across participants. The exact instructions given to the participants are provided in the Appendix.
Before the study list was presented, the participants were asked to try and remember the individual items, but also the pairs, because their memory for the items and the pairs would be tested later. They were told that the whole list of pairs would be presented twice. Before the first presentation, they were asked to indicate, for each pair, whether they found that the faces or the face and the name went well together (yes/no response). A screen informed the participant when the second presentation was about to start. Immediately after the encoding phase, the participants received the instructions for the test phase. The instructions varied as a function of the conditions.

1. Standard Recognition. In this condition, as in other typical recognition tests, the participants were asked to indicate which of the two items (face/name recognition test) or pairs (face-face/face-name associative recognition test) had been presented during the encoding phase. Thus, the participants could base their recognition decisions on recollection and/or familiarity. 

2. Familiarity only. In this condition, the participants were asked to indicate which one of the two items (face/name) or pairs (face-face/face-name) was familiar. In associative tests, it was emphasized that the participants should ignore the familiarity of the individual faces (the face and the name individually), but should focus on the associations, judging for which pair they get a feeling of familiarity. They were asked to respond as soon as they got a feeling of familiarity for one item or pair without trying to recollect anything about it. Despite these instructions, participants sometimes recollected something about an item/pair without intending to do so. When this occurred rapidly before they were able to judge which test stimulus was most familiar, they were instructed to tell the experimenter and not to make a familiarity response. Understanding of the instructions was checked during the practice trials by asking the participants to briefly justify their responses.

The participants responded by pressing one of two buttons on the computer keyboard. Moreover, they were asked to respond as quickly as possible, while trying to be accurate. When the participants signalled that they recollected something in the Familiarity condition, the experimenter pressed the left button of the mouse and the next test trial was displayed. 

Results

The proportions of correct responses in the Standard Recognition and the proportion of correct Familiar responses and no-answers (unintentional recollection) in the Familiarity only condition are presented in Table 1 for item recognition tests (face recognition in the face-face and face-name tasks, and name recognition in the face-name task) and in Table 2 for associative recognition tests (face-face and face-name tasks). 

Compliance to Familiarity only instructions

All participants managed to focus on familiarity and to avoid recollecting, except one participant who reported up to 6 instances of unintentional recollection (before a familiarity judgment could be made) out of 16 trials. This participant was excluded from the analyses. There was no difference between the tasks in terms of proportion of recollection (in the item test, F(2, 60) = 1.97, p > .14; in the associative test, t(30) = -1.33, p > .19). The recollection rates were, therefore, low and equal in the familiarity-only condition for the within- and between-domain tasks. This suggests that familiarity estimates for the two tasks were not differentially biased by high and/or different recollection levels. Given that recollection responses were signalled by a mouse click, without the participant specifying which item was recollected, it was not possible to compute an accuracy measure of the contribution of involuntary recollection. However, false recollections are usually relatively uncommon so it is likely that most recollections were of studied associations.

Familiarity scores were calculated following the different models of statistical relationships between recollection and familiarity: independence (percentage of unrecollected stimuli that are familiar), redundancy (sum of recollected and familiar stimuli) and exclusivity (percentage of total stimuli judged as familiar only). Thus, following the independence model, familiarity was measured as the proportion of total trials that correct Familiar responses constituted divided by 1 minus the proportion of total trials that recollected trials constituted. According to the exclusivity model, familiarity scores were the proportion of total trials that correct Familiar responses constituted. Finally, according to the redundancy model, familiarity scores were calculated as the proportion of total trials that correct Familiar responses + recollected responses constituted.

Item recognition

As expected, with this modification of the Remember/Know procedure, the results were only marginally affected by assumptions about the statistical relationships between recognition processes. Below, only analyses on independence-familiarity scores are reported in detail. Divergence in the results between methods is reported when this occurred.

Regarding face recognition, an analysis of variance (ANOVA) with the Condition as between-subject variable and the Task (face-face and face-name tasks) as within-subject variable revealed a significant main effect of Condition, F(1, 61) = 25.79, MSE = 1.03, p < .01, indicating that performance was poorer overall in the Familiarity only condition than in the Standard Recognition condition. The main effect of Task was not significant, F(1, 61) = 1.27, MSE = 0.01, p > .26. There was no significant Condition by Task interaction, F(1, 61) = 0.38, MSE = 0.004, p > .53. However, when familiarity was calculated according to the redundancy model, the main effect of Task was significant, indicating that face recognition was better in the face-name task than in the face-face task, F(1, 61) = 4.58, MSE = .03, p < .05.

As for name recognition, the proportion of correct responses significantly differed between the Conditions, F(1, 61) = 9.85, MSE = 0.28, p < .01, with performance in the Familiarity condition being poorer than in the Standard Recognition condition. 

<Table 1 about here>

Associative recognition. 

The scores were submitted to an ANOVA with Condition (Standard Recognition and Familiarity only) as a between-subject variable and Task (face-face and face-name) as a within-subject variable. There was a main effect of Condition, F(1, 61) = 16.49, MSE = 0.34, p < .01: performance was poorer in the Familiarity only condition than in the Standard Recognition condition. The main effect of Task was not significant, F(1, 61) = 1.23, MSE = 0.02, p > .27. Finally, the Condition × Task interaction was significant, F(1, 61) = 22.11, MSE = 0.30, p < .01. A Tukey HSD post-hoc test showed that, in the face-face task, performance in the Familiarity only condition did not differ from that in the Standard Recognition condition (p > .99), whereas the Familiarity score was significantly poorer than the Standard Recognition score in the face-name task (p < .01). Moreover, in the Standard Recognition condition, the scores were better in the face-name task than in the face-face task (p < .01), indicating that the matching procedure had not fully worked. In contrast, in the Familiarity only condition, the scores were marginally better in the face-face task than in the face-name task (p < .07). When the exclusivity model was applied, familiarity was significantly better in the face-face task than in the face-name task (p < .05).

Furthermore, in order to obtain an estimation of the relative proportion of recognition made up by familiarity, the scores in the Familiarity only condition were divided by the mean proportion of correct responses in the Standard Recognition condition. This relative score indicates the extent to which correct identification of targets under standard recognition could be based on familiarity if only this process is available. Had both conditions been performed by the same participants, a ratio between familiarity-based hits and total number of hits (standard recognition) could have been calculated. With this between-subject design, mean performance under standard recognition was taken as the reference score. Indeed, because they were equivalent in terms of age, it is plausible that the participants in the Familiarity only condition would have achieved a similar performance than the participants in Standard Recognition condition if they had been tested in Standard condition. The results showed that the relative contribution of familiarity to recognition was significantly greater in the face-face task than in the face-name task (face-face pairs: .99, face-name pairs: .75, t(30) = 5.06, p < .01). When the relative proportion of recognition made up by familiarity was calculated for item memory, no difference was found between the tasks (faces in the face-face task: .82, faces in the face-name task: .80, names in the face-name task, .85, F(2, 60) = 0.83, p > .43).

In addition, the familiarity scores in the face-name task were compared to chance level (.50) and were found to be significantly above chance, t(60) = 4.26, p < .01.

Finally, after the task, participants were asked about the main strategy they used to encode the associations. In the face-face task, 97% of the participants reported that they looked for similarities or differences between the two faces. The remaining 3% just looked carefully at both faces. In the face-name task, the encoding strategies reported by the participants were various: to merely look carefully at the pair (54% of the participants), to relate the meaning of the name with some characteristic of the face (e.g., this is a very sweet name, but the woman does not look very nice, 26%), to relate the shape of the first letter of the name with some feature in the face (e.g., Alexandre has long hair which forms like an A above his head, 10%) and to think about somebody whom the participants knew with the target name and comparing the known face with the target face (10%). Performance in the face-name task in both conditions was compared as a function of whether participants used some mnemonic strategy or not. It appeared that use of a mnemonic strategy did not influence the results (F(1, 59) = 0.04, p > .83).

<Table 2 about here>

Discussion

The present study aimed to re-examine the contribution of recollection and familiarity to associative recognition memory as a function of whether the associations were made of similar components (within-domain) or of different kinds of components (between-domain) by using a novel modification of the remember/know procedure. More precisely, we tested the DD hypothesis, which proposes that, provided associative components are directly linked together at encoding, within-domain associative recognition can be largely based on an evaluation of the familiarity of the associations. In contrast, associative familiarity only minimally supports between-domain associative recognition memory, which depends largely on the recollection that relates the encoding episode to the target stimuli (Mayes et al., 2004, 2007). This view contrasts with the view that recognition of non-unitized associations (whether within- or between-domain) depends primarily on recollection, with little contribution from familiarity (Cameron & Hockley, 2000; Hockley & Consoli, 1999; Gronlund & Ratcliff, 1989; Rotello et al., 2000; Westerman, 2001; Yonelinas, 1997, 2002).

To address this question, standard recognition and familiarity-only memory of directly encoded within-domain (face-face) and between-domain (face-name) associations were compared. The familiarity-only condition allows a relatively pure measure of familiarity to be made, which appeared to be relatively insensitive to the assumptions made about the statistical relationships between recollection and familiarity. The results showed that this measure was at least marginally better in the face-face task than in the face-name task even though standard recognition was better in the latter. Indeed, familiarity for face-face pairs was as good as standard recognition whereas familiarity alone for face-name pairs was poor and significantly worse than standard recognition. This indicates that recollection had to contribute significantly more to standard recognition of face-name pairs than of face-face pairs. Most importantly, the relative proportion of recognition made up by familiarity was greater for within-domain than between-domain associative recognition as the DD view predicts. This was unlikely to relate to  the relative contributions of familiarity to face item and name item recognition in the face-face and face-name encoding conditions because these were the same (face familiarity was unaffected by whether encoding was of face-face or face-name pairs and relative familiarity was similar for names and faces).

Thus, these results strongly support the claim of the DD hypothesis that within-domain associative recognition can be well supported by familiarity. Indeed, it suggests that, under some circumstances, familiarity can produce performance in this kind of task that is as good as standard recognition even though recollection may be used as well as familiarity.  How general the effect is will probably depend upon several factors (e.g., encoding method, retrieval orientation) that influence how much recollection is used and how successful it is.

According to the DD view, a condition for within-domain associations to be well supported by familiarity is that participants try to relate the components directly together. In the current study, the encoding instructions were to judge whether the two faces went well together or not. To do so, almost all participants spontaneously related the faces by looking for similarities or differences between them. Thus, encoding instructions were successful in promoting effortful direct encoding of within-domain pairs. In contrast, if encoding only links two similar components indirectly through a mediator, then the DD view argues that recollection will be necessary to retrieve the mediator. This may explain why previous studies found that word-word (within-domain) associative recognition relied mainly on recollection. For example, in Hockley and Consoli (1999) study, participants were encouraged to used interactive imagery or sentence generation to associate the words together. Also, in the “no unitization condition” of Quamme et al. (2007) study, participants judged how well two words, presented in a pair, fitted in two blank spaces of a sentence, with the first space corresponding to the first word and the second space corresponding to the second word. Such encoding conditions were very likely to enhance indirect encoding, with a sentence or a mental image serving as a mediator to link the words together. However, because the words were presented side by side, one cannot exclude that some direct encoding occurred. The extent to which this happened is unknown, although it is plausible that participants concentrated their efforts on the sentence or imagery encoding task.

Considering alternative explanations, these findings could also be interpreted in terms of unitization (Quamme et al., 2007; Yonelinas, 2002; Yonelinas et al., 1999): familiarity would contribute more to face-face than to face-name associative memory if participants unitized the face-face pairs, but not the face-name pairs (or at least only unitized a few of the face-name pairs or unitized these pairs to a lesser extent). According to the unitization hypothesis, rapidly learned face-face and face-name associations can sometimes both provide memories that allow effective familiarity support of associative recognition. This will occur when encoding successfully encourages the integration of the paired items into a higher level item that subsumes both component items.

Although the current encoding instructions (“do the two faces go together or not?) do not prevent unitization to occur, it seems unlikely that the face-face associations were unitized for several reasons. First, when informally questioned after the tasks about how they felt about studying face pairs, participants confirmed that face pairs did not feel like single items, but like pairs of items that go together. Second, one needs to explain why face-face pairs should be more easily unitized than face-name pairs. Intuitively, one would expect the opposite. Indeed, in everyday life, we are used to attaching names to the faces of people we meet. Although dissociable, the name and the face both connect to a single person (Bruce & Young, 1986). In contrast, two faces would be unlikely to be seen as parts of a single unit unless, for example, the photographs are of the same person (see Jäger et al., 2006) or possibly if they belong to members of the same family in everyday life. 

However, the current experiment did not try to determine by using direct criteria the degree to which face-face pairs were unitized nor whether they were more or less unitized than face-name pairs. At present, this is not possible to do because there are no agreed objective measures of unitization (only subjective feelings that do not form part of unitization hypothesis). It is, therefore, impossible to test directly whether familiarity contributed more successfully to face-face than face-name associative recognition because face-face pairs were more unitized, because their direct encoding was able to support more successful inter-item familiarity, or both. Without agreed objective measures of level of unitization, all that can be done is to contrast different encoding conditions: on the one hand, encoding conditions that encourage greater unitization (by creating a higher level concept that integrates the components into a new item) and, on the other hand, encoding conditions that encourage greater encoding that directly links components without creating a mediator (memory for which will require recollection).  It is unclear to what extent this can be done.
The DD hypothesis predicts that familiarity alone supports very poor or no recognition of associations between different kinds of information. More specifically, according to the DD hypothesis, how close between-domain familiarity is to chance should depend on how much mnemonic processing of associations is possible in the perirhinal cortex, which will be a function of how different people judge the associative components are. Interestingly, although face-name familiarity was very poor (in accord with the DD view), it was significantly above chance. Thus, familiarity can provide significant support to between-domain associative recognition, at least for face-name pairs. 

However, the above chance familiarity for face-name associations may also relate to other factors. One such factor may be pre-experimental experience that participants have with the various types of items and associations. The materials used here were unfamiliar faces and relatively uncommon names (for people of the age of the photographs). Nevertheless, participants already knew the names, but saw the faces for the first time. Therefore, participants may have treated names more easily than faces at encoding. In terms of item recognition, it has been shown that people recognise items for which they have pre-experimental knowledge better than unfamiliar items (e.g. Bäckman, 1991). In the current experiment, however, there is no evidence that names were better recognised than faces (F(2, 122) = 0.32, p > .73). Moreover, it is not clear why the familiarity of one component of a pair would promote the familiarity of the pair itself.

At the level of associations, certain types of associations may be more frequently formed than others in everyday life. In this study, the fact that face-name standard recognition was better than face-face recognition, despite our attempt to match them by manipulating study duration, suggests that it is easier to associate a name and a face than two faces, possibly because we are used to learning the names of people in everyday life. Habitual encoding of faces and names may also encourage unitization through the ‘higher level’ representation of ‘person’. Although it clearly needs further investigation, it may be that the amount of practice that one type of association has received in the past could contribute to the creation of recognition memories that are well supported by familiarity, perhaps partly because such habitual encoding encourages unitization.

Finally, this study explored the role of familiarity and recollection in associative recognition via direct introspective measures of these kinds of memory. The standard remember/know procedure was modified so as to allow an estimation of the efficiency of familiarity alone. Some might can wonder about the reliability and validity of this new procedure. Indeed, an alternative view to the dual-process interpretation of the remember/know procedure suggests that remember/know judgements do not measure recollection and familiarity memory, but rather different levels of memory strength (Rotello, Macmillan,& Reeder, 2004; Dunn, 2004; Wais, Mickes, & Wixted, 2008; Wixted, 2007). In particular, this view states that know responses correspond to decisions based on low-strength recognition memories made of global familiarity and weak recollection. In the current experiment, participants were carefully trained on the key concepts (for example, recollection involves cued recall of information additional to the cue or target stimulus itself) and their use so that they would not confuse recollection with strong familiarity, or weak recollection with familiarity. Second, the appropriateness of their responses was checked during the practice trials, and justification of familiarity responses did not include any reference to the encoding context. Finally, previous studies using the familiarity only procedure provide evidence of its validity. Thus, Montaldi et al. (2006) showed, using this procedure, that changes in familiarity strength parametrically modulated the activity of the perirhinal cortex, but not of the hippocampus as would have happened if the procedure had elicited appreciable amounts of recollection. In contrast, involuntary recollection did activate the hippocampus significantly more than the strongest level of familiarity. Also, the profile of performance of normal participants in a familiarity-only word-word association test condition (following an encoding condition that would have encouraged direct encoding as well as the formation of a higher level unitizing concept) matched that of amnesic patients with known recollection deficits and familiarity preservation (Quamme et al., 2007). Consequently, the familiarity only procedure appears appropriate to address the DD view prediction that within-domain associations can be efficiently recognised by familiarity processes subserved by the perirhinal cortex.

In the future, the modified remember/know procedure should be further refined. For instance, different subjects should perform not only the standard recognition and familiarity-only conditions, but also a recollection-only condition in which subjects indicate recollection that leads to acceptance of studied stimuli and rejection of unstudied ones. Ideally, these procedures should be cross-validated with a procedure in which subjects describe how they are using familiarity and recollection as they are making their recognition judgements. 
In summary, use of the modified remember/know procedure indicated that a high proportion of recognition of directly encoded face-face associations (and, by inference, other kinds of within-domain associative recognition) was supported by associative familiarity memory. This suggests that associative familiarity alone can yield relatively normal within-domain associative recognition memory. In contrast, associative familiarity memory contributed only to a small proportion of the recognition memory of directly encoded face-name associations, suggesting that between-domain associative recognition is relatively much more weakly supported by familiarity. Thus, the results indicated that familiarity comprised the bulk of recognition of face-face associations but not of face-name pairs. In that sense, they confirmed that there exist two domains of associations, depending on the similarity of the associated components, which rely differentially on recollection and familiarity, as proposed by the DD view. However, familiarity was able to support above chance between-domain associative recognition memory. This suggests that, as well as similarity of associated component items, factors such as how well established a habit of encoding particular associations is, and whether encoding successfully encourages some unitization, may also contribute to the effectiveness of familiarity.
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Appendix

Instructions for the face-face task (variants for the face-name task are presented in brackets)

Prior to encoding

Usually, you can recognize something (in the present case, it will be faces and names) in two different ways. You must have had the experience of someone walking down the street towards you and as s/he does so, you know that you have seen this person before, but you cannot recall anything about her/him. So this person is familiar to you, but you cannot tell who s/he is, where or when you met her/him, or anything else. The feeling of familiarity may vary in strength, but it does not involve recalling anything about what is familiar. Alternatively, when you see a known person walking towards you, you will recall who s/he is, where and when you last saw her/him, or any other information concerning this person (what you two talked about, what you thought about this person…). This second recognition process is called recollection. Its main characteristic is that you recall something about the person (or item) you recognize. It is important that you understand this qualitative distinction clearly. They should not be confused with different degrees of confidence in memory.
Encoding

You will see two faces [a face and a name] side by side. Try and remember the faces [the face and the name] and the associations between them. Later I will test your memory for the faces [the faces and the names] and which faces [face and name] were seen together during study. I would like you to say whether you find the two faces [the face and the name] go well together. After you have seen all the pairs, they will be presented a second time, in a different order. Look carefully at them and try to remember them.

Recognition

Standard recognition. (a) Item recognition (faces/names). Now you will see two faces [names] one above the other. One of them has been presented earlier, while the other is new. You have to indicate which one you have seen during the study phase. Try to respond as quickly and accurately as possible. (b) Associative recognition. Now you will see two pairs of faces [or face-name pairs]. You have seen one of these pairs previously. The other pair, in contrast, is composed of two faces [a face and a name] you have seen, but which were not seen together. You have to indicate which pair you have seen during the encoding phase. Try to respond as quickly and accurately as possible.

Familiarity. Before the task began, I told you about the distinction between familiarity and recollection. As a reminder, familiarity is a feeling of memory where you know that you have seen something (such as a person) previously, but without recalling anything about what is familiar. Recollection is a recognition process where you recognise something (e.g., a person) because you recall something about the episode in which you encountered this person. In this experiment, we will focus on feelings of familiarity. (a) Item recognition. Now you will see two faces [names] one above the other. One of them has been presented earlier, while the other is new. You have to indicate which of them is familiar. It is important that you respond as soon as you know which one is familiar without trying to recollect anything about the item. Try to respond as quickly and accurately as possible. Sometimes, even if you focus on deciding which item is familiar, it might happen that you recollect something without your intending. If this happens before you have made your familiarity judgement, tell me you recollected something and do not respond because such a response would no longer be valid as a familiarity judgment. (b) Associative recognition. Now you will see a series of test stimuli comprising two pairs of faces [two face – name pairs]. You have seen one of these pairs previously. The other pair, in contrast, is composed of two faces [a face and a name] you have seen, but which were not together. You should look at each pair and try to see for which pair you get a feeling of familiarity. It is important that you respond as soon as you know which pair is familiar without trying to recollect anything about the pair. Try to respond as quickly and accurately as possible. In order to evaluate which pair is familiar, you should ignore the familiarity of the individual faces [the face and the name individually] and focus your attention on each pair of associations. Sometimes, even if you focus on deciding which pair is familiar, it might happen that you recollect something without your intending. If this happens before you have made your familiarity judgement, tell me you recollected something and do not respond because such a response would no longer be valid as familiarity judgment.

Author's Note

Christine Bastin, Department of Cognitive Sciences and Cyclotron Research Centre, University of Liège; Martial Van der Linden, Cognitive Psychopathology Unit, University of Geneva, and Department of Cognitive Sciences, University of Liège; Caroline Schnakers,  Department of Cognitive Sciences, University of Liège; Daniela Montaldi, School of Psychological Sciences, University of Manchester; Andrew R. Mayes, School of Psychological Sciences, University of Manchester.

Table 1

Mean proportion (and standard deviations) of correct responses in the Standard condition and of correct responses and no-answer responses (unintentionally recollected) in the Familiarity only condition for item recognition tests.

	
	Condition

	
	Standard
	
	Familiarity only

	
	
	
	correct F
	recollected

	Face recognition 

Face-face task
	.92 (.09)
	
	.71 (.21)
	.04 (.05)

	Face-name task
	.95 (.07)
	
	.72 (.23)
	.06 (.09)

	
	
	
	
	

	Name recognition
	.91 (.12)
	
	.75 (.23)
	.04 (.08)


Table 2.

Mean proportion (and standard deviations) of correct responses in the Standard condition and of correct responses and no-answer responses (unintentionally recollected) in the Familiarity only condition for associative recognition tests.

	
	Condition

	
	Standard
	
	Familiarity only

	
	
	
	correct F
	recollected

	Face-face associative recognition
	.70 (.09)
	
	.65 (.16)
	.06 (.07)

	Face-name associative recognition
	.82 (.11)
	
	.57 (.15)
	.08 (.07)


