Long Term Memory – Item Encoding and Retrieval

	Task Name
	Description
	Cognitive Construct Validity
	Neural Construct Validity
	Sensitivity to Manipulation
	Relationships to Behavior and Schizophrenia
	Psychometrics
	Stage of Research

	Relational and Item Specific Encoding Task
	This paradigm involves two tasks previously used in studies of memory in schizophrenia. The first is an item-specific encoding task. 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 are presented with two types of trials in separate blocks. On item-specific encoding blocks, participants will be presented with two objects and asked to rate whether either object is living or nonliving. On relational encoding blocks, they are presented with two objects and asked to judge whether one can fit inside the other. 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. During the retrieval phase of the task, participants will first complete a yes/no recognition test on all the previously studied objects previously unseen foil objects. Next, participants will be given an associative recognition test consisting of objects that were previously studied on relational trials, consisting of either  “intact” pairs consisting of objects that were originally studied on the same trial and “rearranged” pairs consisting of objects that were originally studied on different trials. Subjects will be asked to indicate if the pairs are intact or rearranged.

Murray & Ranganath, 2007


( ADDIN EN.CITE ; Ranganath, Minzenberg, & Ragland, 2008)

MANUSCRIPTS ON THE WEBSITE:

Murray, L. J., & Ranganath, C. (2007). The dorsolateral prefrontal cortex contributes to successful relational memory encoding. J Neurosci, 27(20), 5515-5522.

Ranganath, C., Minzenberg, M. J., & Ragland, J. D. (2008). The cognitive neuroscience of memory function and dysfunction in schizophrenia. Biol Psychiatry, 64(1), 18-25.




	The cognitive psychology literature Blumenfeld & Ranganath, 2006


( ADDIN EN.CITE ; B. H. Bower, 1970; Hunt & Einsten, 1981)
 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


( ADDIN EN.CITE ; G. H. Bower, 1970; Hunt & Einsten, 1981; Hunt & McDaniel, 1993)
. 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


( ADDIN EN.CITE ; Eichenbaum, Yonelinas, & Ranganath, 2007; Squire, 2004)
. 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


( ADDIN EN.CITE , 2007, in preparation; Murray & Ranganath, 2007)
. 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()


	Previous work with the original version of the paradigm Murray & Ranganath, 2007()
 indicated that item recognition for target words was equivalent following item-specific and relational encoding, but associative recognition of studied word pairs was significantly greater for the relational encoding condition. fMRI results showed that DLPFC activity was greater during relational versus item-specific encoding and that DLPFC activity predicted successful associative recognition but not successful item recognition. Activity in the ventrolateral prefrontal cortex (VLPFC) was also greater for relational compared to item-specific encoding, but this VLPFC activation predicted successful memory for item recognition and associative recognition tasks. These results confirm that relational encoding is most beneficial to associative recognition and support the view that the DLPFC may contribute to LTM through its role in active processing of relationships during encoding, whereas the VLPFC may have a more general role in promoting successful LTM formation.    
	
	Initial evidence that VLPFC control of item-specific encoding and retrieval is relatively preserved in schizophrenia comes from a number of levels-of-processing studies showing that when patients are required to make a semantic judgment about an item during encoding, they show normal levels-of-processing effects on item recognition Ragland et al., 2003()
 and show intact VLPFC recruitment, whereas DLPFC function remains impaired Ragland et al., 2005


( ADDIN EN.CITE )
. This same pattern of relatively preserved VLPFC and impaired DLPFC function for item-specific encoding and retrieval was subsequently demonstrated by a quantitative meta-analysis of the functional imaging literature in schizophrenia Ragland et al., 2009


( ADDIN EN.CITE )
.  
	Internal reliability data on the final visual object version of the RISE have been obtained on a behavioral sample of 93 patients with schizophrenia and 73 healthy controls. Analyses reveal excellent internal consistency. For the item recognition task, intra-class correlation coefficients (ICC) are above .75 in both groups for item-specific and relational encoding. Associative recognition also shows acceptable levels of internal consistency for both controls (ICC = .68) and patients with schizophrenia (ICC = .57).  Because practice effects are a potential concern in memory study, we developed three parallel forms of the RISE, which show high levels of alternate forms reliability for item recognition (control r-value = .71, patient r-value = .72) and associative recognition tasks (control r-value = .71, patient r-value = .67). Examination of recognition accuracy (d’) reveals that both groups are performing well above chance on item recognition and associative recognition tasks negating concerns about floor effects. However, it should be noted that this item recognition performance in controls is quite high, but below ceiling. Although reliability data is not yet available on the fMRI version of the RISE it is likely that performing the task in the scanner will lower performance in both groups, further reducing concerns about potential ceiling effects in the item recognition condition. Examination of item recognition revealed that task difficulty was equivalent following item-specific and relational encoding in healthy volunteers, and that patients showed predicted differential deficits in memory performance for relational versus item-specific encoding. Patients had the largest impairments on an associative recognition task, which was more difficult than the item recognition task, suggesting caution in interpreting differential deficits in item versus associative recognition.   


	There is evidence that this specific task elicits deficits in schizophrenia at the behavioral level.  Unknown at the neural level.

We have some information on psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

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

	Acquired Equivalence

fMRI
	Modified from Shohamy & Wagner, 2008


( ADDIN EN.CITE )

In this task, participants learn a series

of face-scene associations that are structured to include partial

overlap across associative pairs, providing an opportunity for integrative

encoding. On each trial, participants learn to associate

a face with a scene by choosing which of two scenes went with the face and receiving feedback. While each

face-scene association is learned individually, there is partial

overlap across events, such that pairs of faces are associated

with a common scene (e.g., F1–S1; F2–S1). In addition to

learning the F1–S1 and F2–S1 associations, participants re

concurrently trained on a second association for one of the faces. Thus, the initial learning phase consists

of three different types of stimulus combinations that contain

partial overlap (F1–S1; F2–S1; F1–S2). To the extent that the overlap

between F1–S1 and F2–S1 elicits relational learning, the additional learning of the F1–S2 association leads F2 to also become associated

with S2. Following encoding, a test phase probes participants’

ability to generalize. Specifically, generalization trials test whether participants chooses S2 when presented F2 even though they had never encountered this pairing at study 

These generalization trials are tested together with trials that probed retention of knowledge about the associations that had been previously encountered (F2–S1; F1–S1; F1–S2; ‘‘trained’’).
Shohamy et al., 2010


( ADDIN EN.CITE ; Shohamy & Wagner, 2008)

MANUSCRIPTS ON THE WEBSITE:

Shohamy, D., Mihalakos, P., Chin, R., Thomas, B., Wagner, A. D., & Tamminga, C. (2010). Learning and generalization in schizophrenia: effects of disease and antipsychotic drug treatment. Biol Psychiatry, 67(10), 926-932.

Shohamy, D., & Wagner, A. D. (2008). Integrating memories in the human brain: hippocampal-midbrain encoding of overlapping events. Neuron, 60(2), 378-389.



	By definition, this task tests memory and learning for the relationship between items Meeter, Shohamy, & Myers, 2009()
. 
	Both human and animal studies have shown that this type of acquired equivalence learning is dependent on hippocampal activity and hippocampal-striatal interactions Myers et al., 2003


( ADDIN EN.CITE ; Shohamy & Wagner, 2008)
.

	Data in animals suggest that performance on this task can be modulated by various pharmacological agents, and there is some evidence in humans as wellShohamy & Adcock, 2010()
 .
	There is evidence that individuals with schizophrenia who are not taking show impaired learning and generalization on this task.  However, when on medication, individuals with schizophrenia perform well on the task Shohamy et al., 2010()
.


	Not Known
	There is evidence that this specific task elicits deficits in schizophrenia at the behavioral level.  Unknown at the neural level.

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

We have some information on whether or not performance on this task changes in response to psychological or pharmacological intervention.

	Item+Feature+Source Task

fMRI
	Taken from: Staresina & Davachi, 2008()

Participants are presented with a noun (the item) that is superimposed on a color square (the feature; blue, green, red, or yellow). Subjects re instructed to create a vivid mental image of the referent of the noun in the given color and to make one of two decisions based on the encoding task (the context or source). In the plausibility task, subjects are asked to indicate whether it was plausible to encounter

the imagined object/color combination in real life/nature or not. In the valence task, subjects re asked to indicate whether they thought the imagined object/color combination was aesthetically appealing or not. Both tasks put equal emphasis on incorporating the color feature into a vivid mental object representation

and differed only in the cognitive set (context) with which that word/color combination was processed.  After the fMRI encoding session, subjects are given a surprise recognition memory test for all of the old items and new folks items. First, subjects are asked to indicate whether they think an item was old or new. A correct response for old items in this step is indicative of successful item encoding during the study phase. If the answer was ‘‘old,’’  the labels for the four encoding colors and a question mark appear on the screen and subjects re prompted to indicate the color with which the word was associated at encoding or to press the question mark key if they did not remember the color. A correct response

in this step is indicative of successful binding of the color feature (item–feature association) during the study phase. Finally, and irrespective of the answer for color memory, subjects are asked to indicate in which of the two encoding tasks the item had been encountered. A correct answer at this phase indicate successful item+context memory encoding.

Achim & Lepage, 2003


( ADDIN EN.CITE ; Staresina & Davachi, 2008)

MANUSCRIPTS ON THE WEBSITE:

Achim, A. M., & Lepage, M. (2003). Is associative recognition more impaired than item recognition memory in schizophrenia?  A meta-analysis. Brain and Cognition, 53, 121-124.

Staresina, B. P., & Davachi, L. (2008). Selective and shared contributions of the hippocampus and perirhinal cortex to episodic item and associative encoding. J Cogn Neurosci, 20(8), 1478-1489.




	The task requires memory for individual item, specific features associated with items, and the context in which the items were learned.
	There is evidence from a variety of sources that the hippocampus is important for the binding of items with their context, and evidence that the perirhinal cortex is important for memory for individual items, as well as specific features associated with items Davachi, 2006


( ADDIN EN.CITE ; Dougal, Phelps, & Davachi, 2007; Duarte, Ranganath, Winward, Hayward, & Knight, 2004; Ranganath et al., 2004; Staresina & Davachi, 2008)
.
	None, though there is some evidence from animal studies using conceptually similar paradigms
	This specific task has not been studied in schizophrenia, but individuals with schizophrenia have been shown to have impairments in source/context memory on conceptually similar tasks Achim & Lepage, 2003()
.
	Not Known
	There is evidence that similar tasks elicit deficits in schizophrenia at the behavioral and neural level.  

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

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

	Item and Source Memory

ERP
	Taken from Woroch & Gonsalves, 2010()

During encoding, participants are presented with objects. For each object a subjective meaningfulness or complexity judgment is made on a 4-point scale. Prior to

each object, participants are cued with the word “meaning” or “complex” indicating which judgment should be

made for the following object. For the meaningful task, subjects are instructed to rate how much the object looked like something meaningful, like looking at clouds or an ink-blot test. For the

complex task, subjects are instructed to rate the more varied objects as more complex.  During the subsequent recognition test, participants re

presented with objects (objects from the encoding phase and novel objects) followed by a response cue.  Participants then make an old/new judgment crossed with confidence level (sure old, think old, think new, or sure new). If the object was indicated as “old,” they make an additional

source decision, deciding which task, complexity or meaningfulness,

they had performed on the object at encoding, again crossed with confidence on a 5-point scale (sure meaning,  think meaning, unsure, think complex, or sure complex). The

option of indicating “unsure” for the source decision is given

to mitigate the effects of guessing on low-confidence responses.   

Kayser et al., 2010


( ADDIN EN.CITE ; Woroch & Gonsalves, 2010)

MANUSCRIPTS ON THE WEBSITE:

Kayser, J., Tenke, C. E., Kroppmann, C. J., Fekri, S., Alschuler, D. M., Gates, N. A., et al. (2010). Current source density (CSD) old/new effects during recognition memory for words and faces in schizophrenia and in healthy adults. Int J Psychophysiol, 75(2), 194-210.

Woroch, B., & Gonsalves, B. D. (2010). Event-related potential correlates of item and source memory strength. Brain Res, 1317, 180-191.




	The task requires memory for individual item, specific features associated with items, and the context in which the items were learned.
	Taken From Woroch & Gonsalves, 2010()

“Event-related potential (ERP) studies of recognition memory have shown dissociations

between item recognition and source memory, wherein item recognition is associated with

the mid-frontal FN400 component, which varies continuously with item memory strength,

while source memory is associated with the late parietal effect (LPC).”

Diana, den Boom, Yonelinas, & Ranganath, 2010


( ADDIN EN.CITE ; Leynes & Phillips, 2008; Rugg & Curran, 2007; Woroch & Gonsalves, 2010)

	Not Known
	This specific task has not been studied in schizophrenia, but individuals with schizophrenia have been shown to have impairments in source/context memory on conceptually similar tasks Achim & Lepage, 2003()
.  There is some work showing impaired parietal ERP components during recollection in schizophrenia Kayser, Tenke, Gil, & Bruder, 2009


( ADDIN EN.CITE ; Kayser et al., 2010)
.
	Not Known
	There is evidence that similar tasks elicit deficits in schizophrenia at the behavioral and neural level.  

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

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

	CANTAB Paired Associates Learning

fMRI
	One could develop an fMRI version modeled after the  CANTAB task that is sensitive to memory deficits in first episode schizophrenia (and MCI) - that  separates encoding and retrieval effects.

MANUSCRIPTS ON THE WEBSITE:

Barnett, J. H., Sahakian, B. J., Werners, U., Hill, K. E., Brazil, R., Gallagher, O., et al. (2005). Visuospatial learning and executive function are independently impaired in first-episode psychosis. Psychol Med, 35(7), 1031-1041.

Stip, E., Sepehry, A. A., Prouteau, A., Briand, C., Nicole, L., Lalonde, P., et al. (2005). Cognitive discernible factors between schizophrenia and schizoaffective disorder. Brain Cogn, 59(3), 292-295.


	Paired associates learning assess memory for the relationship between items. 
	A large body of work points the hippocampus critical for learning novel relationships.
	There is evidence from animals that scopolamine impairs performance on this task Robbins et al., 1997


( ADDIN EN.CITE )
.
	There is evidence that first episode patients with schizophrenia are impaired on performance of this task, independently of impaired executive function, potentially point to hippocampus pathology Barnett et al., 2005


( ADDIN EN.CITE ; Stip et al., 2005)
.
	Evidence regarding psychometrics is reviewed in Barnett et al., 2010()
.
	There is evidence that this task elicits deficits in schizophrenia at the behavioral level.  Unknown at the neural level. 

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

We have some information in animals that performance on this task changes in response to psychological or pharmacological intervention.

	Hannula Face Scene Task

fMRI
	Taken from: Hannula & Ranganath, 2009


( ADDIN EN.CITE )

At study, participants are presented with novel face scene pairs,  in which a unique scene was presented after which a single face was superimposed on top of that scene. To elicit reasonably high levels of accuracy, participants re instructed to determine whether each person denoted by the face looked like they belonged in the place depicted in the scene. At test, participants are presented with a 

scene that had been viewed in the previous study block (‘‘scene cue’’). Participants re instructed that they should use the scene as a cue to retrieve the associated face before the three-face test display is presented. When the test display is presented, participants are told to indicate, via button press, which face (left, right, or bottom) had been paired with that scene earlier. Participants re also given the option to respond ‘‘don’t know’’ if they were unsure about the identity of the match and speed was emphasized, but not at the expense of accuracy. 

Hannula & Ranganath, 2009


( ADDIN EN.CITE ; Hannula et al., 2010)

MANUSCRIPTS ON THE WEBSITE:

Hannula, D. E., & Ranganath, C. (2009). The eyes have it: hippocampal activity predicts expression of memory in eye movements. Neuron, 63(5), 592-599.

Hannula, D. E., Ranganath, C., Ramsay, I. S., Solomon, M., Yoon, J., Niendam, T. A., et al. (2010). Use of eye movement monitoring to examine item and relational memory in schizophrenia. Biol Psychiatry, 68(7), 610-616.




	Assesses memory for the relationship between faces and scenes, which are novel pairings.
	A large body of work points the hippocampus critical for learning novel relationships Hannula, Federmeier, & Cohen, 2006


( ADDIN EN.CITE ; Hannula & Ranganath, 2008, 2009; Hannula, Ryan, Tranel, & Cohen, 2007; Hannula, Tranel, & Cohen, 2006; Kumaran & Wagner, 2009)
.
	Unknown
	There is evidence that individuals with schizophrenia are impaired at learning the face scene relationships, in the context of intact memory for the faces and scenes individually Hannula et al., 2010()
.
	Unknown
	There is evidence that similar tasks elicit deficits in schizophrenia at the behavioral and neural level.  

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

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