Long Term Memory – Relational Encoding and Retrieval

	Task Name
	Description
	Cognitive Construct Validity
	Neural Construct Validity
	Reliability
	Psychometric Characteristics
	Animal Model
	Stage of Research

	The Relational Encoding and Retrieval (REaR) Task
	The Relational Encoding and Retrieval (REaR) paradigm involves two tasks previously used in studies of memory in schizophrenia. The first is an item-specific encoding task that was shown to elicit equivalent levels of item memory between schizophrenia patients and controls . The second is a relational encoding task (Blumenfeld & Ranganath, 2006) that has been shown to engage prefrontal relational control mechanisms associated with increased long-term memory performance. During the encoding phase, participants will be presented with two types of trials in separate blocks. Trials will be blocked in order to ensure that patients do not confuse the two conditions. On item-specific encoding blocks, participants will be presented with a single object and asked to rate whether the object is pleasant or unpleasant. On relational encoding blocks, they will be presented with three objects and asked to judge whether they are in the correct order in terms of weight. These encoding tasks orient the participants to use a specific type of processing -- rather than leaving the approach up to the individual within unknown results. In each study block, participants will encode 12 objects, and a total of 3 blocks will be completed for each encoding condition. The sequence of encoding blocks will be counterbalanced to minimize order effects. During the retrieval phase of the task, participants will first complete a yes/no recognition test consisting of a random sequence of 72 previously studied objects (36 from item-specific and 36 from relational) and 72 previously unseen foil objects. Next, participants will be given an associative recognition test consisting of objects that were previously studied on relational trials. The test will include 18 “intact” pairs consisting of objects that were originally studied on the same trial and 18 “recombined” pairs consisting of objects that were originally studied on different trials. Subjects will be asked to indicate if the pairs are intact or rearranged.

(Ragland et al., 2003)
(Blumenfeld & Ranganath, 2006)
MANUSCRIPTS ON THE WEBSITE:

Blumenfeld, R. S., & Ranganath, C. (2006). Dorsolateral prefrontal cortex promotes long-term memory formation through its role in working memory organization. J Neurosci, 26(3), 916-925.

Ragland, J. D., Moelter, S. T., McGrath, C., Hill, S. K., Gur, R. E., Bilker, W. B., et al. (2003). Levels-of-processing effect on word recognition in schizophrenia. Biological Psychiatry, 54, 1154-1161.


	The cognitive psychology literature 


(Blumenfeld & Ranganath, 2006; B. H. Bower, 1970; Hunt & Einsten, 1981) ADDIN EN.CITE  distinguishes between two types of memory encoding strategies. Common item-specific encoding strategies involve making a semantic decision about an item (e.g., “pleasant”/”unpleasant”, “abstract”/”concrete”), whereas relational encoding strategies include imagining two or more items interacting, or linking two or more words in the context of a sentence or story. It is thought that relational encoding promotes memory for associations amongst items, whereas item-specific encoding enhances the distinctiveness of specific items 


(B. H. Bower, 1970; G. H. Bower, 1970; Hunt & Einsten, 1981; Hunt & McDaniel, 1993) ADDIN EN.CITE . In the episodic memory literature, relational encoding has been linked to the function of the hippocampus, which is thought to support the binding of novel representations 


(Eichenbaum, 2006; Eichenbaum, Yonelinas, & Ranganath, 2007; Squire, 2004) ADDIN EN.CITE . The distinction between relational versus item-specific encoding has also been supported by neuroimaging studies of working memory (WM) that have revealed dissociations between brain regions involved in item-specific WM maintenance and regions involved in manipulation of relationships between items while they are being maintained. Research has shown that DLPFC is selectively activated on trials in which relationships among items are processed, (Postle, Berger, & D'Esposito, 1999). Moreover, engagement of the DLPFC during relational WM processing predicts successful long-term memory (LTM) retrieval 


(Blumenfeld & Ranganath, 2006, 2007, in preparation; Murray & Ranganath, 2007) ADDIN EN.CITE . The available evidence therefore indicates that the construct of relational encoding and retrieval has validity at both the cognitive and neural level of analysis, and that it is supported by both hippocampal and DLPFC mediated mechanisms.
(Blumenfeld & Ranganath, 2006)

	Several recent studies have now demonstrated that DLPFC activation during relational encoding reliably predicts successful LTM (Blumenfeld & Ranganath, 2006). However, DLPFC activity is generally not correlated with successful item-specific encoding (Blumenfeld & Ranganath, 2007). For example, in a recent study from Dr. Ranganath’s lab (Blumenfeld & Ranganath, 2006) using a variant of the REaR task we propose to study, participants were scanned while performing a variant of the two WM tasks. On ‘rehearse’ trials, they were required to rehearse a set of 3 words across a 12 second delay period in anticipation of a question probing memory for the identity and serial position of the items. On ‘reorder’ trials, participants were required to rearrange a set of three words based on the weight of the object that each word referred to over the delay and then respond to a question probing memory for serial order of the items in the rearranged set. Although both conditions required maintenance across the delay, reorder trials also required participants to evaluate relationships between items in the memory set along a single dimension (weight). Analyses of subsequent LTM performance showed significantly more reorder trials in which all three items were recollected than would be expected based on overall item hit-rates alone, but the same was not true for rehearse trials. This result suggests that, on reorder trials, participants successfully encoded relationships between the items in each memory set. Consistent with the idea that the DLPFC is involved in relational processing in WM, DLPFC activation was increased during reorder trials compared to rehearse trials. Furthermore, DLPFC activation during reorder, but not rehearse trials, was positively correlated with subsequent LTM performance. No such relationship was evident during rehearse trials. In contrast, activation in the left VLPFC (BA 44/6) and in the hippocampus was correlated with subsequent memory performance on both rehearse and reorder trials. Results from this study and others (Murray & Ranganath, 2007) suggest that the DLPFC may be specifically recruited during relational encoding, adding support to the validity of this neural construct.


	The test-retest reliability and the effects of repeated performance on the REaR task are not known and will need to be established through future study.
	Individuals with schizophrenia typically show significant impairments on long-term memory tests, but the deficits can be substantially attenuated if an item-specific encoding strategy is provided during study. This has been most recently demonstrated through a series of studies

(Bonner-Jackson, Haut, Csernansky, & Barch, 2005) 


(Ragland et al., 2005; Ragland et al., 2006; Ragland et al., 2003) ADDIN EN.CITE  in which patients with schizophrenia showed performance similar to controls on both item recognition and source retrieval for words that were encoded using a semantic, item-specific task. The item-specific task proposed for the REaR is essentially identical to those used in previous studies. Therefore it is reasonable to expect that patients should show near-normal LTM performance in this condition, and that this will provide an appropriate baseline for comparison against performance for items that are encoded using the relational task in the REaR paradigm which will have similar psychometric characteristics in controls (e.g., equal discriminating power).


	The kinds of relational encoding processes that are manipulated in the REaR paradigm have not been extensively investigated in animal models, in part because it is difficult to directly manipulate encoding strategies in non-human animals. Some relevant evidence, however, comes from studies of working memory tasks in monkeys. For example, a single-unit recording study (Ninokura, Mushiake, & Tanji, 2004) showed that neurons in the monkey dorsal prefrontal cortex encoded information about temporal order relationships between a series of items presented in a working memory task. In contrast, ventral prefrontal neurons tended to encode the physical features of objects to be maintained. Another study demonstrated that lesions to mid-dorsolateral prefrontal cortex impaired memory for sequences of actions (Petrides, 1995).

(Ninokura et al., 2004)
(Petrides, 1995)

	There is evidence that this specific task elicits deficits in schizophrenia.

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for this task.

We need to study whether or not performance on this task changes in response to psychological or pharmacological intervention.

	Transitive Inference
	Transitive Inference is a test of relational memory, but depending upon how it is administered it may also be a test of maintaining a rule in mind and using that rule during the encoding of new stimuli.  In the basic version of the task, people encounter pairs of visually presented objects, and one hides a target of some kind (e.g., a smiling face).  People learn these pairs individually, and then are tested on whether they formed a relational memory representation of the entire set of pairs later on (i.e., the transitive inference). It is a translational task in that non-human animals with hippocampal lesions have difficulty with the transitive inference condition, as do people diagnosed with schizophrenia.  The one potential drawback of the task, is that the transitive inference condition may also be the most difficult, so it's important to rule this out as a reason for impaired performance.

(Dusek & Eichenbaum, 1997)
(Titone, Ditman, Holzman, Eichenbaum, & Levy, 2004)
(Heckers, Zalesak, Weiss, Ditman, & Titone, 2004)



(Ongur et al., 2006) ADDIN EN.CITE 
(Libben & Titone, 2008)
MANUSCRIPTS ON THE WEBSITE:

Heckers, S., Zalesak, M., Weiss, A. P., Ditman, T., & Titone, D. (2004). Hippocampal activation during transitive inference in humans. Hippocampus, 14(2), 153-162.

Titone, D., Ditman, T., Holzman, P. S., Eichenbaum, H., & Levy, D. L. (2004). Transitive inference in schizophrenia: Impairments in relational memory organization. Schizophrenia Research, 68(2-3), 235-247.


	
	There is some evidence that the transitive inference task requires intact function of the Hippocampus specifically, and the medial temporal lobe more generally.  There is also evidence that transitive inference is impaired in schizophrenia.

(Dusek & Eichenbaum, 1997)
(Titone, Ditman, Holzman, Eichenbaum, & Levy, 2004)
(Heckers, Zalesak, Weiss, Ditman, & Titone, 2004)



(Ongur et al., 2006) ADDIN EN.CITE 
(Libben & Titone, 2008)

	From what I know, there is very little data that addresses specifically the reliability of the task.
	he task is somewhat tricky in that it's important that participants not be aware of the hierarchical nature of the stimulus pairs prior to testing.  Thus, it's difficult to repeat the task with the same people because they may become aware during training or test (although different versions of the task that don't follow the Dusek & Eichenbaum study might avoid this).  Also, because learning the original premise pairs is relatively easy, performance may be subject to ceiling effects.
	Yes, the original work by Dusek & Eichenbaum, cited previously.

(Dusek & Eichenbaum, 1997){


	There is evidence that this specific task elicits deficits in schizophrenia.

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for this task.

We need to study whether or not performance on this task changes in response to psychological or pharmacological intervention.

	Associative Inference task
	I'd propose either an Associative Inference task (learn A-B and B-C; test on A-C) or a Transitive Inference task (learn A>B>C>D>E>F; test on B>E, B>D, C>D).  I think the AI test is likely more optimal than the TI as there are more associations that can be acquired and probed for flexibility relative to TI.

(Preston, Shrager, Dudukovic, & Gabrieli, 2004)
MANUSCRIPTS ON THE WEBSITE:

Preston, A. R., Shrager, Y., Dudukovic, N. M., & Gabrieli, J. D. (2004). Hippocampal contribution to the novel use of relational information in declarative memory. Hippocampus, 14(2), 148-152.

Bunsey, M., & Eichenbaum, H. (1996). Conservation of hippocampal memory function in rats and humans. Nature, 379(6562), 255-257.


	Lesions of hippocampus impair AI transfer and TI transfer but do not impair acquisition and memory for premise pairs (likely striatal dependent).    Transfer trials require the flexible use of relational representations.

(Moses, Villate, Binns, Davidson, & Ryan, 2007)
(Schlund, Cataldo, & Hoehn-Saric, 2008)
Computational Model

(Frank, Rudy, & O'Reilly, 2003)

	See left/above on the effects of hippocampal lesions. In addition, Preston et al. shows differential hippocampal activation during AI transfer trials at test/retrieval relative to premise pairs.
	


(Greene, 2007; Greene, Gross, Elsinger, & Rao, 2006; Greene, Spellman, Dusek, Eichenbaum, & Levy, 2001) ADDIN EN.CITE 

	Floor effects can be an issue if trying to use AI with imaging protocols due to the large number of associations that must be learned and recalled.  Less of an issue with behavioral studies.
	Work by Eichenbaum have shown clear animal homologues for the both AI and TI.  The Dusek & Eichenbaum (Dusek & Eichenbaum, 1997) is for TI and an earlier Bunsey & Eichenbaum (Bunsey & Eichenbaum, 1996) is for AI. Again, lesions/disconnection of rodent hippocampus impairs the inference/transfer trials that require relational memory retrieval but not the premise trials which can be supported by inflexible habit memories.

(Moses, Villate, & Ryan, 2006)

	There is evidence that this specific task elicits deficits in schizophrenia.

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for this task.

We need to study whether or not performance on this task changes in response to psychological or pharmacological intervention.
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