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Abstract

The success of episodic memory retrieval is reliant on the degree of similarity between encoding conditions and cognitive operations at retrieval (‘encoding specificity’) and thereby the ability to flexibly adopt a retrieval orientation which biases retrieval cue processing in line with the specific goal of retrieval is associated with better memory performance. The present study adapted Jacoby et al.’s (2005) memory-for-foils paradigm to investigate whether agreement between retrieval orientation at encoding (picture-target vs. spoken word-target) and stimulus material at test (pictures vs. spoken words) produced superior memory for foils in young subjects. A series of neuropsychological tests assessing frontal function, long-term memory and intelligence were also administered to subjects. No difference in memory for foils between conditions was evident, a result attributed to a lack of retrieval selectivity demanded by the experimental tasks. Memory for foils performance was however correlated with level of frontal function in subjects. Poorer frontal function was associated with higher recognition errors and lower successful recognition of mismatched items in which demand for retrieval constraint is presumed to be greater. The use of the memory-for-foils paradigm for future research into source-constrained retrieval cue-processing is discussed.


Introduction
The retrieval of information from episodic memory depends upon the interaction between the information stored at encoding, or the memory representation, and the information present in the immediate cognitive environment at retrieval (Tulving, 1983). Crucially it is the degree of similarity between the encoding conditions and the cognitive operations at retrieval which determines memory performance. Tulving & Thomson (1973) reported that when encoding conditions were held constant, wide variations in the recall of target words was observed depending upon how closely the retrieval conditions matched those at encoding; a principle they referred to as encoding specificity.  The closely related principle of transfer-appropriate processing (Morris, Bransford & Franks, 1977) similarly emphasizes the importance of the specificity of the retrieval cue to the success of memory retrieval.  Morris et al. (1977) demonstrated that whilst the semantic acquisition of words (deep-encoding task) produced superior recall than rhyme acquisition (shallow-encoding) on a standard recognition test, on a test of rhyming recognition, rhyme acquisition recall was superior. This contradicted the dominant theory at the time that greater depth of processing led to stronger memory traces and therefore superior recall (e.g. Craik and Lockhart, 1972).
Retrieval Orientation
Pre- and post-retrieval processes are said to be under voluntary control to the extent that people can influence the way a retrieval cue is processed in order to maximize memory performance (Rugg, 2004). Retrieval mode is a term introduced by Tulving (1983) to encapsulate the idea of a constantly-maintained cognitive ‘state’ which, when attempting to retrieve information from episodic memory, ensures that any incoming stimuli are processed as retrieval probes and that the products of successful ecphory come into conscious awareness as a remembered event. The retrieval mode however is said to be unvarying over the duration of any sustained period of episodic memory retrieval and thus the ability to exert influence over retrieval cue processing is thought to arise from the adoption of different retrieval orientations (Rugg & Wilding, 2000). Retrieval orientations are more specific cognitive states or ‘sets’ which can be adopted by the retriever to bias retrieval cue processing in line with the goal of retrieval. Retrieval orientations are thought to influence the cognitive operations engaged at retrieval thereby allowing the retriever to exercise greater control over, and increase the specificity of, the search through memory and consequently increasing the likelihood that the retrieval attempt will be successful (Herron & Rugg, 2003).
Retrieval orientations are not easily investigated using behavioural methods and thereby have mainly been the subject of imaging research, in particular research utilising event-related potentials (ERPs) (Rugg & Wilding, 2000). ERP studies are a useful tool for studying retrieval orientations as they permit experimental manipulations that allow any neural activity related to retrieval orientations to be dissociated from activity related to retrieval success. For instance, Rugg, Allan & Birch (2000) had subjects complete both a shallow-encoding task (alphabetic judgement) and deep-encoding task (sentence generation) on words at study and then examined the ERP waveforms of new words during two later recognition memory test blocks, one following each encoding task. They found that the ERP waveforms of new words in the recognition test that followed the shallow-encoding task differed from those of new words in the test following the deep-encoding task. Given that the retrieval cues were physically-identical, previously unstudied items, and thus unconnected to retrieval success, the difference in neural activity was attributed to differentially adopted retrieval orientations when attempting to either retrieve words by their alphabetic or semantic properties (Rugg et al., 2000).
Further ERP studies have evidenced similar findings when subjects are required to conduct a search through memory relating to a specific retrieval goal. It appears that retrieval cue processing can be biased in terms of the type of information sought from memory, such as whether words or pictures are to be retrieved (e.g., Robb & Rugg, 2002; Herron & Rugg, 2003), or by various task demands, such as identifying items from a specified source (e.g., speaker’s voice: Wilding, 1999). Hornberger, Morcom and Rugg (2004) point out however that ERP retrieval orientation effects are not solely an outcome of the type of information to-be-retrieved nor are they merely due to performance differences in the encoding or retrieval tasks. In line with this, Johnson and Rugg (2005) argue that retrieval orientations must reflect, in addition to retrieval processes that align with the retrieval goal, processes that are not specifically linked to the current retrieval attempt and suggest that the observed effects may represent the maintenance or rehearsal of a processing bias in anticipation of subsequent retrieval attempts.
Retrieval orientations appear to allow the retriever to exert more stringent control over the retrieval process by increasing the selectivity of the memory search (Herron & Rugg, 2003). The extent of specificity afforded by the adoption of retrieval orientations was demonstrated by Herron and Rugg (2003) in an ERP study. They presented subjects with an intermixed list of pictures and words at study and an exclusion task (as described by Jacoby, 1991) at test. The ERP results indicated that subject’s neural response to the retrieval cues differed according to the current target of the exclusion task.  For instance, when words were the target, previously studied words elicited robust ‘old/new’ ERP effects whereas the neural response to previously studied pictures was indistinguishable from that of new items. This demonstrates that as well as increasing the chance of successfully retrieving the relevant information sought from memory, retrieval orientations may also reduce the likelihood that irrelevant information will be retrieved (Herron & Rugg, 2003). Additionally, Johnson and Rugg (2005) established that ERP retrieval orientation effects vary in accordance with the specificity of the retrieval goal. They found that the extent of differences in the ERP waveform between targets and non-targets was far greater in an exclusion task in which the demand for retrieval selectivity was higher than in a standard recognition memory task.
Age Effects on Retrieval Orientation
The ability to flexibly control retrieval processes and access episodic memory at varying levels of specificity appears to decline with age (Aizpurua & Koutstaal, 2010). Evidence from ERP studies suggests that older adults may have a reduced inclination to spontaneously adopt goal-relevant retrieval orientations and may require greater environmental support to initiate such processes (Morcom & Rugg, 2004; Duverne, Motamedinia & Rugg, 2009).When encoding and retrieval conditions are fully matched however, giving maximum environmental support, older adults continue to evidence a reduced ability to recollect information in comparison to younger subjects (e.g. Craik, 1986). This raises the possibility that the fundamental impairment lies not with assuming goal-relevant retrieval orientations but with the retrieval cue processing itself (Morcom & Rugg, 2004).
Morcom and Rugg (2004) investigated the ability of young and older adults to differentially process retrieval cues by study material in an ERP study.  The ERP results revealed an effect of study material in both age groups but this effect was smaller, onset later and was less sustained in the older adults, a difference which remained when recognition memory performance was equated. Furthermore, the scalp topography was almost identical in the two subject groups suggesting that the same neural regions were engaged in retrieval cue processing in both groups. This finding suggests therefore that older adults do demonstrate differential retrieval cue processing by study material similar to that of younger adults but to a lesser degree and/or less consistently (Morcom & Rugg, 2004).
Duverne, Motamedinia and Rugg (2009) similarly argue that older adults are not incapable of processing episodic retrieval cues in a goal-relevant manner and suggest that incidental memory tasks which encourage effective encoding operations may aid older adults in their ability to do so. Duverne et al. (2009) compared ERPs for new items in a standard recognition memory test and a source retrieval task in a group of young and older adults. They observed that whilst the ERP effects of study material (picture vs. words) were attenuated in older adults in the recognition memory test, replicating the findings of Morcom and Rugg (2004), the ERP effects of study material in older adults during the source retrieval task were analogous to those of the young subjects. This result implies that older adults’ reduced inclination to differentially adopt goal-relevant retrieval orientations is not due to limited cognitive flexibility but instead a failure to spontaneously apply this flexibility to, or self-initiate, differential retrieval cue processing in a consistent manner. When the task explicitly demands this however, as in the source memory task, older adults performance on the task parallels that of younger subjects (Duverne et al., 2009).
Craik (1986) argued that self-initiated processing at both encoding and retrieval are problematic for older adults due to a decline in processing resources with age. The frontal lobes of the brain are subject to the greatest depletion in cognitive resources with age, arguably greater than other systems implicated in memory such as the medial temporal lobes (Moscovitch &Winocur, 1995). It follows therefore that processes implicated in episodic memory retrieval, in particular those under voluntary control and reliant on the functioning of the frontal lobes, should decline disproportionately with age. This proposal and the role of the frontal lobes in memory retrieval are discussed below.
Contribution of the Frontal Lobes to Episodic Memory Retrieval
Evidence from lesion studies indicates that damage limited to the frontal lobes of the brain does not result in global memory impairment but rather affects memory performance in a more subtle way (Moscovitch &Winocur, 1990). A decline in frontal lobe functioning, for example with age, appears to affect the specificity of memory retrieval such as the ability to recall contextually-rich details about stored representations. McIntyre and Craik (1987) first reported the disproportionate decline in source memory (recall of contextual details) compared to item memory (recall of content) with healthy aging. The occurrence of source amnesia, as it was termed by McIntyre and Craik (1987), in healthy older adults has since been confirmed in several later studies (for a review see Spencer & Raz, 1995). Craik, Morris, Morris & Loewen (1990) further observed that the performance of older adults on neuropsychological tests thought to tap frontal lobe functions, namely the Wisconsin Card Sorting Task (WCST; Hart, Kwentus, Wade & Taylor, 1998) and FAS verbal fluency test (Benton & Hamsher, 1976), correlated with the extent to which older adults made source errors, appearing to corroborate the link between frontal lobe function and source memory ability. Moreover, scores on the frontal lobe tests did not correlate with the level of fact memory in older adults implying that memory for the content and context of an event may be separable and depend largely upon different regions of the brain. 
Glisky, Polster & Routhieaux (1995) were able to relate the double dissociation between item and source memory to the performance level of adults on two brief batteries of neuropsychological tests thought to separately tap medial temporal lobe (MTL) and frontal lobe (FL) function. Glisky et al. (1995) divided subjects into high and low performers according to the subjects’ composite scores on each of the MTL and FL batteries. They observed that the high FL group outperformed the low FL group on the measure of source memory but also that these groups could not be differentiated on the basis of item memory performance. Similarly, the high MTL group outperformed the low MTL group on item memory but did not differ in source memory ability, thus sanctioning the idea that item and source memory rely predominantly on different underlying neural mechanisms. Glisky et al. (1995) suggest that the less spontaneous integration of context with content may be causal in the increase in source errors apparent with age and also point out however that their results depend upon the assumption that performance on the neuropsychological tests reflects the actual functioning of the brain regions presumed to be involved.
The frontal lobes therefore appear to play a crucial role in encoding and retrieval not in terms of the storage of memory representations or reactivation of stored information per se but in terms of the integration of the source, or contextual details, of an event with memory for content (e.g. Glisky et al., 1995). It holds therefore that the ability to constrain a retrieval attempt in accordance with the source of the information sought from memory may likewise be associated with frontal lobe function. As discussed earlier, the neural correlates of source-constrained retrieval cue processing have been investigated predominantly using ERPs which lack the required spatial resolution to accurately localise the origin of neural activity (Rugg & Wilding, 2000). Positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) provide greater spatial resolution but studies of this nature which have permitted the dissociation of activity related to retrieval cue processing and retrieval success are currently few in number.
One such study by Nolde, Johnson & D’Esposito (1998) presented subjects with pictures and words under two different encoding conditions and then tested memory for studied items in two subsequent retrieval tasks; a standard yes/no recognition test and source identification task. Nolde et al. (1998) observed significant left prefrontal cortex (PFC) activity which was associated with episodic remembering and which was greater in magnitude for the source judgements than for recognition. The authors suggest that although the right PFC is typically implicated to a greater degree than the left PFC in episodic remembering, the left PFC may be recruited for memory processes which are more systematic or memory tasks which are more reflectively-demanding (Nolde et al., 1998). More recently, Badre and Wagner (2007) reviewed findings relating to regions of neural activity associated with the cognitive control of episodic retrieval. Badre and Wagner (2007) state that when retrieval cues are held constant and only the type of information sought from memory is varied, the fMRI data indicates that both the left anterior and right ventrolateral PFC (VLPFC) are heavily implicated in episodic retrieval. Activity in these frontal regions therefore appears to correlate with the ability to bias retrieval cue processing implying that frontal control processes may therefore be responsible for specifying, elaborating upon and/or refining retrieval cues according to the specific goal of episodic retrieval (Badre & Wagner, 2007).
Present study
The present study carries on the investigation into the cognitive control of episodic retrieval, and follows on from a behavioural examination of source-constrained retrieval carried out by Jacoby, Shimizu, Daniels and Rhodes (2005). Jacoby et al. (2005) introduced a new paradigm entitled memory-for-foils which was developed to provide evidence of qualitative differences in the ability to constrain or bias episodic retrieval by the nature of the sought after information from memory. The paradigm consists of three phases. In Phase 1 subjects study words under shallow (vowel judgement) and deep (pleasantness judgement) encoding conditions. In Phase 2, subjects are tested on their recognition separately for items previously studied under deep and shallow conditions. Finally, in Phase 3, subjects are tested on their memory for foils (or new items) encountered in Phase 2. Following the assumption that successful recognition is accomplished by constraining retrieval processing in a way that recapitulates the cognitive conditions at encoding, retrieval cues (both old and new) should be differently processed depending on the level of processing (deep or shallow) of the material sought from memory. Jacoby et al.’s (2005) results supported this conclusion; memory for foils was superior for new items encountered when attempting to retrieve deep vs. shallow-encoded targets. Furthermore, the results indicated that the ability to constrain retrieval processing in such a source-specific way is impaired in older adults, a finding Jacoby et al. (2005) attribute to the greater reliance of older adults on familiarity-based memory judgements.
The present study is an extension of Jacoby et al.’s (2005) memory-for-foils paradigm looking at the effect of retrieval orientation during an earlier recognition memory test on subsequent memory for foils in young adults. The study will investigate memory performance for old foils as a factor of agreement (match, mismatch) between the material of foil at test (picture or spoken word) and the target material (or retrieval orientation) during the earlier recognition memory test (picture- vs. spoken word-target). According to the assumptions of the encoding specificity and transfer-appropriate processing principles of memory retrieval (Tulving & Thomson, 1973; Morris et al., 1977), a greater proportion of matched to mismatched items should be evidenced for accurate (hit) responses as ‘matched’ foils constitute items in which encoding and retrieval conditions are most similar. On the other hand, a greater proportion of mismatched to matched items could be expected for inaccurate (miss) responses as less correspondence between encoding and retrieval conditions is likely to lead to greater errors in recognition memory. Therefore the study sets up the possibility of finding an interaction between the accuracy of subject’s responses and agreement between stimulus conditions across tests.
A series of neuropsychological tests will also be administered to subjects including the battery of neuropsychological tests developed by Glisky et al. (1995) to assess frontal lobe function. This will be used to investigate whether the level of frontal lobe function in young adults is associated with the ability to constrain retrieval cue processing by study material. The broader aim of the present study is to further develop Jacoby et al.’s (2005) memory-for-foils paradigm to study the effects of aging on the ability to bias retrieval cue processing in a goal-relevant manner in the hope of developing strategies which will improve the success rate of episodic memory retrieval in older adults.


Method
Design
The present study examined the accuracy (hit, miss) of participants’ responses to old items as a factor of agreement (match, mismatch) between the material sought from memory in an initial recognition memory test and stimulus material in a final memory-for-foils test (as below, Figure 1). Stimuli in the memory-for-foils test were seen either as pictures or heard as spoken words and therefore for both pictures and spoken words four types of responses were coded (hit – match, hit – mismatch, miss – match, miss – mismatch). Data for pictures and spoken words were analysed separately. Subjects were also administered a battery of neuropsychological tests to examine levels of frontal lobe function, long-term memory and crystallised and fluid intelligence.
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Subjects
29 healthy subjects (8 male) aged between 21-30 years (M = 24.5 years) with normal or corrected-to-normal vision and normal hearing took part in this study. The data from 4 subjects was rejected due to either a large number of non-responses (>20%) or recognition memory performance below that expected by chance. Subjects were professionals, graduates or postgraduate students from in and around Edinburgh and had on average 19 years of formal education. All subjects gave written, informed consent and were paid £6/hour. The study was approved by the Psychology Research Ethics Committee at Edinburgh University.

Stimuli
Stimuli consisted of a pool of 232 coloured pictures of everyday objects and their spoken and written equivalents. Words were between 3-10 letters in length and all elicited name agreement in at least 4 out of 6 pilot subjects (Hornberger, Morcom and Rugg, 2004). All visual items were presented on a dark grey square (measuring approximately 5x5cm) set against a black background. Written names of objects were viewed as white Helvetica text of font size 30 and spoken names of objects, spoken by a male, native English speaker, were presented auditorily to subjects using a set of headphones.
216 randomly selected items made up the experimental stimuli and were divided into 6 sets of 36 items each. (The remaining 16 items were used as buffer trials with 2 buffers presented at the beginning and end of each separate study or test cycle). Although the same 36 stimuli always appeared together, the list in which they appeared (lists A through to F) was fully counterbalanced and the order of the items within a list was individually randomized for each subject. Lists A and B provided the 72 stimuli (36 pictures, 36 spoken words) which were studied in Phase 1 of the experiment, and therefore also subsequently provided the old items in the two separate recognition memory tests in Phase 2 (picture-target and spoken-word target). All items in Phase 2 were presented as written words. Lists C and D provided the new items or foils in Phase 2 (36 foils per recognition test), and therefore also subsequently appeared in Phase 3 as old items in the memory-for-foils test. Half of the old foils in Phase 3 were presented in the same material (e.g. picture) as the target material sought from memory in the earlier recognition memory test in which the foil appeared (e.g. picture-target), whereas the other half of old foils were presented in the opposite material (e.g. spoken word). Finally, lists E and F provided the 72 new items (36 pictures, 36 spoken words) in Phase 3.

Procedure
The experiment consisted of four brief computer-based tasks (split into three separate phases). In Phase 1, subjects were presented with pictures and spoken words randomly intermixed in an incidental memory paradigm. Subjects were required to indicate with a key press whether they regarded the object as pleasant or unpleasant and instructed that if they were unsure, they should give the response which best fits. Subject’s recognition memory for those items was then assessed in two separate recognition memory tests in Phase 2.
In each recognition memory test in Phase 2 (picture-target or spoken word-target), subjects had to respond positively only to target items (items remembered as either pictures or spoken words) and reject new items (foils). The old items in each test were exclusively targets but subjects were not informed of this. The order in which the recognition tests were administered to subjects was counterbalanced.
In Phase 3, subject’s recognition of items that appeared as foils in Phase 2 was assessed in a final memory-for-foils test. Items were presented as intermixed pictures and spoken words as in Phase 1. Subjects were asked to give their response as a confidence judgement responding definitely old/new if they were sure that the item had or had not been in any previous part of the experiment and probably old/new if they were unsure or had to guess.
All items were presented to subjects on a personal computer with a 17” monitor using Cogent2000 presentation software. Before each task began subjects were given a verbal description of what to expect from the task. Brief written instructions also appeared on the computer screen including a reminder of the assignment of responses to keys (which was counterbalanced across subjects) and the instruction to press any key when ready to continue. Each task then began with a signal for subjects to ‘Get ready.’ A central fixation cross preceded each stimulus and remained on screen for 500ms. Each stimulus was then presented for 1500ms (or 2000ms in Phase 3) before the screen was blanked for a further 1000ms. The inter-stimulus interval therefore was 1500ms.

Neuropsychological Testing
After subjects completed the computer tasks they were administered a series of standardised neuropsychological tests taking approximately 70 minutes in total to complete. This consisted of a battery of tests described by Glisky, Polster and Routhieaux (1995) to assess frontal lobe function including the Wisconsin Card Sorting Task - 64 card version (WCST-64; Haaland, Vranes, Goodwin, & Garry, 1987), Controlled Oral Word Association test (COWAT; Benton & Hamsher, 1976), the Backward Digit Span from the Wechsler Adult Intelligence Scale (WAIS-III; Wechsler, 1997) and the Mental Control and Mental Arithmetic subtests of the Wechsler Memory Scale (WMS-III; Wechsler, 1997). Subjects were also given the Logical Memory and Faces subtests of the WAIS-III (Wechsler, 1997) as measures of verbal and non-verbal general memory ability, the Wechsler Test of Adult Reading (WTAR; Wechsler, 2001) as a measure of verbal, crystallised intelligence and the Matrix Reasoning subtest of WAIS-III (Wechsler, 1997) as a measure of non-verbal, fluid intelligence. Some of these tests produce multiple measures however only one measure per test was used in the data analysis. For the WCST this measure was the number of perseverative responses, for the Logical Memory subtest it was delayed recall and for the Faces subtest it was delayed recognition. Upon completion of the neuropsychological tests subjects were thanked for their participation and were free to enquire as to the aims of the study or raise any issues regarding their participation.



Results
Recognition Memory Performance (Phase 2)
The mean proportion of correctly identified old items and correctly rejected new items in each of the recognition memory tests in Phase 2 (spoken-word target and picture-target) are shown in Table 1. Recognition accuracy was high as would be expected in young, healthy subjects but not quite at ceiling level. A paired samples t-test indicated that there was no significant difference between recognition accuracy for items previously seen as pictures or heard as spoken words, t(24) = .712, p = .483. Subjects were also able to correctly reject new items with a high degree of accuracy.

Table 1.
Mean proportion of accurate responses to old and new items in
Phase 2
	
	Picture-target
	Spoken word-target

	Old
	.87(.09)
	.89(.06)

	New
	.91(.15)
	.91(.13)



Final Test Performance: Memory-for-foils (Phase 3)
Subject’s responses to old foils in Phase 3 were coded on the basis of accuracy (hit, miss) and on the agreement (match, mismatch) between the material of foil at test (e.g. picture) and the target material of the earlier recognition memory test in which the foil was initially encountered (e.g. picture-target). Subject’s responses to old items were therefore assigned one of four labels (hit – match, hit – mismatch, miss – match, miss – mismatch).
Mean proportion of responses and reaction times to old foils in Phase 3 collapsed across confidence are illustrated in Figures 2 and 3, respectively. Figure 2 indicates that subjects correctly recognised old foils and responded accurately (hit) more often than they responded inaccurately (miss), regardless of whether the foils were presented as pictures or spoken words. This pattern is evident however for both matched and mismatched items. Figure 3 indicates that when subjects made an inaccurate response (miss) they were slower to respond than when they correctly recognised an old item (hit) regardless of stimulus material. It also appears that there was no difference in reaction times between matched and mismatched items. Figure 3 also illustrates that subjects responded slightly slower to spoken words than to pictures but it is the agreement between stimulus materials across the study phases and not the materials themselves that are relevant to the study aims and therefore comparisons across stimulus materials are not reported.
 
 Figure 2. Mean proportion of response to old foils in Phase 3 for pictures and
 spoken words separately


 Figure 3. Mean reaction time to old foils in Phase 3 for pictures and
 spoken words separately

A 2x2 repeated-measures ANOVA with accuracy (hit, miss) and agreement (match, mismatch) as within-subject factors was carried out for the proportion of responses to old foils separately for pictures and spoken words. The main effect of accuracy was significant for both pictures, F(21) = 81.20, p < .01, and spoken words, F(21) = 78.52, p < .01. Follow up t-tests indicated that subjects made a greater number of accurate (hit) than inaccurate (miss) responses (.77 vs. .25 and .79 vs. .22 for pictures and spoken words, respectively, p < .05). The main effect of agreement and the interaction between accuracy and agreement were non-significant. The same pattern of results emerged when reaction times to old foils were entered into the analysis in place of proportion of responses. The main effect of accuracy however only reached significance level for pictures, F(17) = 6.81, p < .05. A follow up t-test indicated that subjects were faster to respond accurately (hit) than inaccurately (miss) to old foils presented as pictures (p < .05). The analysis was also carried out with high confidence responses only but the same pattern of results was observed and thus is not reported.

Neuropsychological Test Performance
Mean raw scores for each of the neuropsychological test administered are displayed in Table 2. Subjects as a whole performed very well and scores were either comparable to or exceeded those of age-matched published norms. There was some variability in test performance, mostly on the frontal function measures and notably on the COWAT. Performance varied to a greater degree on the measure of verbal, delayed recall than non-verbal, delayed recognition. The subject group however was fairly homogenous in terms of general intelligence.

Table. 2
Means and standard deviations of neuropsychological test scores
	Measure
	Mean Raw Score

	Frontal Function
	

	Mental Arithmetic
	16.64 (3.08)

	Mental Control
	27.68 (4.66)

	Backwards Digit Span
	5.76 (1.23)

	WCST – Number of Perseverative Responses
	5.68 (2.27)

	COWAT – Total Words Produced
	46.80 (12.78)

	Long-term Memory
	

	Logical Memory – Delayed Recall
	31.48 (7.85)

	Faces – Delayed Recognition
	42.24 (3.24)

	IQ
	

	WTAR
	44.80 (4.48)

	Matrix Reasoning
	22.64 (1.96)



The raw scores from the nine neuropsychological measures and subject’s demographic information were entered into a Pearson’s correlation matrix. The positive scores on the WCST (number of perseverative responses) were converted to negative scores for this purpose by replacing pluses with minuses so that, in accordance with all other neuropsychological measures, the higher the score (or the lower the minus number) the better the performance. As expected, scores on the WTAR correlated significantly with number of years in education (.39) and with scores on the Matrix Reasoning subtest of the WAIS-III (.42). The measures of verbal, delayed recall (Logical Memory subtest) and non-verbal, delayed recognition (Faces subtest) were highly inter-correlated (.56) as were the five measures of frontal function (.38 -.64).

Neuropsychological Test Performance and Memory-for-foils
Neuropsychological test scores were entered into a Pearson’s correlation matrix with proportion of responses to old foils in Phase 3 for both pictures and spoken words (Table 3). The measures of long-term memory correlated positively only with the proportion of matched hits, whereas various frontal function measures correlated positively with hits and negatively with misses. This reversal in the direction of correlations between frontal function test performance and hit and miss responses suggests that poorer frontal function is associated with a higher number of mismatched, miss responses and better frontal function with a greater number of hit responses (both matched and mismatched). No correlations were evident between memory-for-foils performance and measures of general intelligence.

Table 3.
Correlations (p < .05) between proportion of responses (Phase 3) and neuropsychological test performance (▲ = pictures ◊ = spoken words)
	
	Long-term Memory
	Frontal Function

	
	Logical Memory
	Faces
	Digit Span
	Mental Control
	Mental Arithmetic
	WCST

	Hit Match
	.38▲
	.38 ◊
	.41▲
	.41▲
	
	

	Hit Mismatch
	
	
	.44 ◊
	.48 ◊
	.45▲
	

	Miss Mismatch
	
	
	-.57 ◊
	-.43 ◊
	-.52▲
	-.41 ◊ 




Discussion
Recognition accuracy in Phase 2 of the experiment was high and there was no significant difference between recognition of pictures and of spoken words from Phase 1. Recognition accuracy was lower in Phase 3 (than Phase 2) but memory performance was still good (.77 - .79 proportion of responses to old items were hits) indicating that task instructions were understood. Differences between the mean proportion of matched and mismatched items for both accurate (hit) and inaccurate (miss) responses were marginal (.01) if present. Accordingly, the statistical interaction between accuracy and agreement was non-significant for both proportion of responses and reaction time data and thus the predictions of the present study were not supported. The correlation analyses however indicated that level of frontal function was positively associated with accurate (hit) responses and negatively associated with inaccurate (miss) responses to mismatched items. Long-term memory ability was also associated with accurate (hit) responses to matched items.
Retrieval Orientation and Memory for Foils
The present study closely followed the procedure employed by Jacoby et al. (2005) in their paper “Age differences in depth of retrieval: Memory for foils”. Jacoby et al. (2005) examined the differential processing of foils (and subsequent differences in memory for these foils) by the depth of processing of items sought from memory (deep-encoded vs. shallow-encoded) in an earlier recognition test. Their results suggested that in young adults memory for foils was greater when subjects had attempted to retrieve deep- vs. shallow-encoded old items in the earlier recognition test. In contrast, the present study examined differential processing of foils by retrieval orientation based on evidence from ERP studies that items in a recognition test are differentially processed (and produce differences in neural activity) depending on the information sought from memory e.g., whether the test probes memory for pictures or for words (Herron & Rugg, 2003). In order to attribute any subsequent differences in memory for foils to differentially adopted retrieval orientations (rather than a direct effect of stimulus material) however a further manipulation was added to Jacoby et al.’s (2005) memory-for-foils paradigm. This manipulation was the agreement or relationship between the material sought from memory in Phase 2 (picture-target vs. spoken word-target) and the stimulus material in Phase 3 (picture vs. spoken word) which resulted in old items being coded as either matched (e.g. picture-target – picture) or mismatched (e.g. picture-target – spoken word) . Memory for matched items was predicted to be greater than memory for mismatched items because encoding and retrieval conditions were more similar in the matched condition in line with encoding specificity and transfer-appropriate processing accounts of memory (Tulving & Thomson, 1973; Morris et al., 1977). The present study however was unable to demonstrate a difference in memory for foils as a factor of agreement between retrieval orientation at study and stimulus material at test. The discrepancy in findings between the present study and that of Jacoby et al. (2005) could be due to a number of reasons. It should be noted that as the finding of the present study was a null result it is possible to speculate as to the reasons for this but it is not possible to draw any firm conclusions based on the available evidence. 
One possibility is that the discrepancy in results between the two studies is due to a limitation in the experimental paradigm or in the execution of it. As all aspects of the memory-for-foils paradigm paralleled those of Jacoby et al.’s (2005) down to stimulus numbers per condition, the most likely explanation for the discrepancy in findings is a failure of the experimental manipulation of the present study. To evidence a finding in line with the study’s predictions it was necessary that subjects differentially adopted retrieval orientations in Phase 2 of the experiment based on the material sought from memory. The division of recognition memory tests into separately administered picture-target and spoken-word target tests was meant to encourage subjects to adopt retrieval orientations in line with the specific goal of each recognition test. Additionally, all old items in each recognition test were exclusively targets to further encourage subjects to maintain a consistent, goal-specific retrieval orientation. As discussed in the introduction however Johnson and Rugg (2005) conclude that the extent of the difference in the neural response between conditions, e.g. material sought from memory, is directly related to the demand for retrieval selectivity in the memory task. 
Johnson and Rugg (2005) found that the magnitude of differences in the ERP waveform, thought to be a neural correlate of differentially adopted retrieval orientations, was greater in an exclusion task in which the demand for retrieval selectivity was higher than in a standard recognition test. This finding suggests that the more specific the goal of retrieval, or the greater the requirement for retrieval selectivity, the more likely one is to adopt a particular retrieval orientation to increase the chance of retrieval success. Similarly, Duverne et al. (2009) argued that older adults who typically show a reduced inclination to adopt retrieval orientations are encouraged to do so by memory tasks that explicitly demand greater retrieval selectivity e.g., source memory tasks. The implications of this for the present study is that the two standard recognition memory tests that made up Phase 2 of the experiment may not have been demanding enough in terms of retrieval selectivity to encourage subjects to constrain retrieval cue processing to the required degree. This is not to say that subjects did not differentially adopt retrieval orientations in the recognition tests but the strength or consistency to which they did may not have been enough to establish a difference in memory for foils between conditions in Phase 3.
Although subjects were not informed that all old items in each recognition test were exclusively targets, there is the chance that they were implicitly aware of this fact and therefore responded largely on the basis of familiarity with the items. In this case there would be a reduced need to constrain retrieval cue processing on the task to ensure success. To rectify this problem in a repeat of the present experiment two exclusion tasks (Jacoby, 1991) could replace the recognition memory tests in Phase 2 with the inclusion of both target and non-target old items in each task. The instructions given to subjects would not differ to the present experiment; subjects would still be asked to respond positively only to the target material (either pictures or spoken words), but the inclusion of non-target old items would hopefully encourage greater retrieval selectivity.
Subject motivation may also have played a role in determining the degree to which retrieval orientations were differentially adopted. Retrieval processes are thought to be under voluntary control to the extent that people are sensitive to the requirement for retrieval selectivity and can influence retrieval cue processing in a way that maximizes memory performance (Rugg, 2004). A lack of motivation to do well in the task may therefore have reduced the extent to which retrieval orientations were adopted. Recognition accuracy in Phase 2 was however high suggesting that if subjects lacked motivation to succeed this did not translate as poor recognition memory performance. On the other hand, the possibility of subjects obtaining ceiling levels of recognition in Phase 2 was a concern prior to commencing data collection due to the fact that the task was not too difficult and all subjects recruited would be healthy, high-functioning, young adults. Recognition performance did not however reach ceiling effects suggesting performance was lower than expected of the sample. Furthermore, recognition accuracy for pleasantness judged items (.88)  was poorer in the present study than recognition for pleasantness judged items in Experiment 1 of Jacoby et al.’s (2005) study (.93) in a comparable sample of young subjects suggesting that lack of subject motivation could be, in part, accountable for the results. 
Alternatively if it is assumed that the subjects did appropriately constrain retrieval cue processing to a suitable magnitude or consistency depending on whether pictures or spoken words were to be retrieved from memory in Phase 2 of the experiment, then the reason for obtaining a null result in the present study and not in the study of Jacoby et al. (2005) must be attributable to some qualitative difference in the processing of new items when attempting to retrieve old items from memory by depth of processing or by material at encoding. What this difference could be is unclear at the moment. It cannot be argued for instance that the differential adoption of retrieval orientations only exerts an influence over the processing of old items retrieved from memory and is not transferable to the processing of new, unstudied items because ERP retrieval orientation effects are in fact a product of analyses of the neural responses of the brain to correctly classified new items (e.g., Rugg & Wilding, 2000). The ERP literature has consistently evidenced marked differences in the ERP waveform of new, previously unstudied items processed under different retrieval conditions, for example, when differentially retrieving studied words vs. pictures from memory (Herron & Rugg, 2003). This corroborates that retrieval orientation is unrelated and independent from retrieval success and therefore differential processing of retrieval cues should be not be dependent on whether information is retrieved from memory or not.
Marsh et al. (2009) also adapted Jacoby et al.’s (2005) memory-for-foils paradigm to examine the effect of different retrieval ‘modes’ on subsequent memorability for distracters. They would argue that differences in the processing of distracters (or foils) depending on either depth of processing or type of material sought from memory are due to the same early selection processes which set the evaluative criteria for retrieval cue processing almost before retrieval has even began. The authors suggest that qualitative differences in the basis for memory explain the difference in foil memorability between conditions, not differences in familiarity with items. Marsh et al. (2009) administered the final memory-for-foils test as a remember-know judgement and evidenced a greater number of remember responses in the deep vs. shallow encoded condition which they argue demonstrates a qualitative difference in what is remembered (more or less recollective detail). In relevance to the current discussion, it could be assumed that different memorability for foils by depth of encoding in Jacoby et al.’s (2005) study is explained by the same reason for expecting a difference in memorability in foils when retrieving pictures vs. spoken words from memory; qualitatively different information about foils should be remembered depending on the retrieval orientation. Therefore there should be no reason to expect differences between the results of the present study and that of Jacoby et al.’s (2005) based on differences between depth of encoding and retrieval orientation by material sought from memory as they are essentially attributable to the same underlying effects.
Neuropsychological Test Scores and Memory for Foils
Glisky et al. (1995) state that individual differences in cognitive function are an important consideration when evaluating memory task performance. This is especially true for groups of older participants as there is an increase in variability of cognitive functioning with age (Albert, Duffy & Naeser, 1987). By comparing the memory performance of high and low performers on tests differentially sensitive to frontal and medial temporal function, Glisky et al. (1995) demonstrated a double dissociation between item and source memory. Their results revealed that level of item memory correlated with level of medial temporal function but not with frontal function, and level of source memory with level of frontal but not medial temporal function. In the present study the initiative was also taken to divide subjects by a composite measure of frontal function (scores averaged across the same five frontal lobe tests as used by Glisky et al., 1995 and converted to a z score) however a median split of subjects by this composite measure resulted in two groups differing statistically in medial temporal function, fluid reasoning and crystallised intelligence but not statistically in terms of frontal function despite very different means (as indicated by an independent samples t-test). Therefore analyses were not continued using this grouping. This is likely due to the fact that, although there was some variability in frontal function between subjects, as a whole subjects performed uniformly well on measures of frontal function and were a fairly homogenous group of young subjects in terms of level of education and general intelligence. To allow for analyses by differing levels of frontal function a more diverse range of subjects would have to be sampled and this should be an aim for any future research examining performance of young subjects on neuropsychological tests.
The particular neuropsychological tests chosen for inclusion in the present study were selected because of an established evidence base for their validity and sensitivity to measuring executive or frontal lobe function (WCST-64, COWAT, Backward Digit Span, Mental Control and Mental Arithmetic; see Moscovitch & Winocur, 1995, for a review) and long-term memory or medial temporal function (Logical Memory and Faces subtests; e.g. Yonelinas et al., 2002). Standard intelligence tests (WTAR and Matrix Reasoning subtest) were also administered. Inter-correlations between neuropsychological test scores believed to measure the same cognitive domain (frontal function, long-term memory and general intelligence) were high (.38-.64) and in a positive direction thus supporting test validity. Performance on any neuropsychological test however is likely to be determined by a multitude of factors and no current established measure of cognitive function can claim to be a pure test of that function or of the neural mechanisms presumed to underlie that function (Moscovitch & Winocur, 1995). With this in mind the observed correlations between neuropsychological test scores and subject’s memory for foils performance are discussed.
The role of the frontal lobes in memory is well-established and although the exact nature of this role is still under investigation there is evidence to suggest that the frontal lobes help organize memory and may aid the retriever to integrate various aspects of stored memory representations to form a cohesive, contextually-rich account of events (Moscovitch & Winocur, 1995). As the present study assessed memory for foils using a standard recognition memory test the dissociation of item memory from memory for the source of old foils in Phase 3 was not permitted. Therefore it would be expected that measures relating to both the level of frontal and medial temporal function in subjects would be similarly associated with the level of successful recognition and this is what the results indicated. The measures of long-term memory (or medial temporal function) were positively associated with accurate (hit) responses to matched items (.38) suggesting unsurprisingly that the higher general memory ability, the higher the number of successful hit (matched) responses achieved by subjects.  Measures of frontal function were also correlated positively with proportion of accurate responses to matched items (.41) again illustrating that under matched conditions the higher the level of frontal function, the higher recognition success. Interestingly however, responses to mismatched items (both accurate and inaccurate) were correlated only with scores on tests of frontal, but not medial temporal, function.  Also level of frontal function correlated to a higher degree with proportion of responses to mismatched (.41-.57) than matched (.41) items. Tests scores did not correlate with proportion of inaccurate (miss) responses to matched items.
There appears to be two issues at hand here; one concerning the accuracy of response and the other concerning agreement. Firstly, it appears that accurate (hit) responses are related to both level of frontal and medial temporal function whereas inaccurate (miss) responses appear to relate exclusively to frontal function. Secondly, responses to matched items are related to both frontal and medial temporal function whereas responses to mismatched items are associated with level of frontal function only. McCabe, Roediger, McDaniel and Balota (2009) evidenced a similar finding relating to the first issue.
McCabe et al. (2009) investigated remember-know judgements and the neuropsychological test correlates of these judgements in young and old adults using regression and path analyses. They found that scores on tests thought to measure medial temporal lobe function were related exclusively to remember hits although, as the authors note, remember hits are more commonly associated with both medial temporal and frontal function (e.g. Wheeler et al., 1997). Scores on tests of frontal function however predicted unique variance in the proportion of errors in recognition (remember false alarms). The authors suggest this pattern indicates that there is an increased reliance on frontal lobe functioning under conditions of uncertainty at retrieval and it seems that this may also hold true for the present experiment. McCabe et al. (2009) further comment that frontal functioning is also vital to conditions in which increased monitoring of the output of memory or an increase in the specificity of retrieval is required.  In a similar strand Nolde et al. (1998) suggested that the prefrontal cortex may be implicated to a higher degree in memory tasks which are more reflectively demanding. These latter comments tie into the second issue; response to mismatched items (both accurate and inaccurate) correlate with level of frontal, but not medial temporal, function. 
Badre & Wagner (2007), in their review of recent fMRI findings relating to the cognitive control of episodic retrieval, suggest that activity in frontal control regions is implicated in the refining and elaboration of retrieval cue processing and therefore the level of retrieval specificity demanded by a task should relate to the extent of involvement of the frontal lobes. Consequently people with poorer frontal function, which is related to a reduced ability to constrain retrieval cue processing (Morcom & Rugg, 2004; Duverne et al., 2009), are likely to evidence poorer memory performance when the demand for retrieval constraint is high. It could be argued that this is the case for the mismatched condition of the present study. Resemblance between the cognitive operations at encoding and cognitive conditions at retrieval is limited for mismatched items (relative to matched items) which according to the encoding specificity principle (Tulving & Thompson, 1973) is likely to reduce the frequency of successful retrieval. Therefore in order to increase the chance of successful retrieval of a mismatched (vs. matched) item, retrieval must be constrained to a higher degree and the extent to which this can be achieved is dependent on level of frontal function (Badre & Wagner, 2007). The results of the present study support this conclusion; poorer frontal function in subjects was associated with a greater proportion of inaccurate responses and a lower proportion of accurate responses to mismatched items. These conclusions are of course highly speculative and the results of the present study cannot provide direct evidence that mismatched items require greater retrieval constraint. Caution should further be taken as it is not possible to differentiate between mismatched items requiring greater constraint or cognitive control over retrieval and the idea that mismatched items may simply be associated with greater difficultly or retrieval effort than matched items.
Future directions
The broader aim of this study was to further develop Jacoby et al.’s (2005) memory-for-foils paradigm and widen its application to the study of declining ability to engage source-constrained retrieval cue processing with age. The issue of declining memory ability with healthy aging has important ecological and practical implications to the daily lives of older adults and therefore research that aims to better understand this decline, and consequently enable strategies to counteract it, is surely worthwhile. The results of the present study however do not allow for the evaluation of the memory-for-foils paradigm for the study of subsequent memory effects based on retrieval orientation by sought after material from memory. Having said that, if the adaptions to the paradigm discussed above were implemented it is believed that the memory-for-foils paradigm could prove useful in this pursuit. Increasing the retrieval selectivity or specificity demanded by the memory tasks in Phase 2 would hopefully increase the likelihood that subjects would adopt goal-relevant retrieval orientations. This would have an effect by increasing the extent of differences between the matched and mismatched conditions and therefore increase the chance of evidencing a significant result.
It is further of worth to try and increase the retrieval specificity demanded by the memory tasks in the memory-for-foils paradigm since, as Duverne et al. (2009) conclude, tasks which encourage effect encoding operations and explicitly require source-constrained retrieval cue processing may benefit older adults’ memory performance and increase performance levels to that akin to younger subjects. Therefore should the memory-for-foils paradigm demonstrate differential processing of retrieval cues (old and new) by retrieval orientation at encoding in young subjects, the procedures should already be in place to ensure maximal memory performance should the paradigm be used with older subjects. Also to further improve the experiment it may also be of value to increase stimulus numbers per condition as this may serve to increase the number of inaccurate miss or false alarm responses made by young subjects. Low numbers of false alarms in the present study meant that these could not be statistically analysed. Also a low number of inaccurate (miss) responses to both matched and mismatched items and pairwise deletion of missing data meant that the analysis of errors made by subjects was based on only a small sample of subjects.
In conclusion, the results did not support the predictions of the present study. No difference in memory for foils processed under different retrieval orientations at study was evident. This is more likely to be due to limitations in the experimental paradigm such as lack of task demand for retrieval selectivity than to the lack of credibility of the experimental manipulation which is based on the robust findings from the psychological literature. It could also be due to reduced motivation or effort on the part of subjects in Phase 2 of the experiment, a likely consequence of the memory recognition tests not being challenging enough. The study did provide evidence for an association between level of frontal and medial temporal function and accurate memory for foils for matched items. Furthermore, level of frontal function was more highly associated with proportion of responses to mismatched than matched items which was attributed speculatively to the greater requirement for retrieval constraint in the mismatched condition and by association the greater requirement for frontal control processes which mediate goal-specific retrieval cue processing.
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