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Abstract 
 
Marklund, P. (2004). Shared component processes in working memory and long-term 
memory: Insights from functional brain imaging. Department of Psychology, Umeå 
University, S-901 87 Umeå Sweden 
 
Recent findings from functional neuroimaging studies have shown pronounced similarities 
in the functional brain activity patterns associated with tests of various cognitive functions. 
This thesis investigates shared component processes in working memory and declarative 
long-term memory. Study 1 showed a common pattern of increased activity in four 
anatomically distinct regions in prefrontal cortex during three tests each of working 
memory, episodic memory, and semantic memory. Such similarities may reflect shared 
demands on working-memory processes across all tests or increased demands on attentional 
mechanisms. Study 2 was designed to dissociate these possibilities by measuring sustained 
and transient brain activity during tests of working memory, long-term memory and 
sustained attention. The results provided support for the notion that one basis for 
overlapping activations is increased attentional demands, but some activity seems to reflect 
cognitive control related to mnemonic processes. Taken together, the results indicate that it 
is critical for taxonomies of cognitive functions to consider similarities in underlying 
cognitive and associated neurobiological component processes. 
 
 
This thesis for the licentiate degree is based on the following studies: 
 
Nyberg, L., Marklund, P., Persson, J., Cabeza, R., Forkstam, C., Petersson, K.-M., & 

Ingvar, M. (2003). Common prefrontal activations during working memory, episodic 
memory, and semantic memory. Neuropsychologia, 41, 371-377. 

 
Marklund, P., Fransson, P., Cabeza, R., Petersson, K.-M., Ingvar, M., & Nyberg, L. 

(2004). Dissociating sustained and transient brain activity during tests of working memory, 
long-term memory and attention. Department of Psychology, Umeå University. 
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Shared component processes in working memory and long-term 
memory: Insights from functional brain imaging 

 
Petter Marklund 

 
 
 
INTRODUCTION  
 
“The common names of substances, as well as other general terms, stand for sorts: the being made signs of such 
complex ideas, wherein several particular substances do or might agree, by virtue of which they are capable of being 
comprehended in one common conception, and be signified by one name.” 
    John Locke – An Essay Concerning Human Understanding. 
 
There is broad agreement that human memory is not a unitary function of monolithic 
nature, but rather a composite of multiple memory systems (Nyberg & Tulving, 1996; 
Squire, 1992), where each system is labelled by the form of memory it contains, and/or the 
operations being subserved. Moreover, the purported memory systems are assumed to be 
composed of multiple component processes, which at the neural level are implemented in 
widely distributed neurocognitive networks (Cabeza & Nyberg, 2000; Martin & Chao, 
2001; Nyberg et al., 2000; Smith & Jonides, 1998; Smith et al., 1998).  

The conceptualization of memory in terms of both ‘systems’ and ‘processes’, is as of 
recently no longer considered ambiguous or contradictory, but has been argued to provide 
complementary viewpoints of how memory is orchestrated in the human brain (Roediger, 
Buckner, & McDermott, 1999). Of the sum of component processes that underlie a 
specific memory system, some are assumed to be domain-specific, while others perform 
more general computations, and are therefore shared between memory systems (and 
potentially other cognitive domains).  

Since the introduction of functional brain imaging techniques, such as positron 
emission tomography (PET) and functional magnetic resonance imaging (fMRI) in the late 
80s, the integration of neuroscience and cognitive psychology has progressively contributed 
with invaluable information to enhance our understanding of human memory, and it has 
been argued that functional neuroimaging techniques provide an exceptional tool for the 
identification and disambiguation of component processes involved in cognitive functions 
(Roediger, Buckner, & McDermott, 1999).    

However, an initial agenda of this new multidisciplinary field was to validate existing 
theoretical frameworks of memory, and by so doing, the research instigated and has by 
large retained a focus on differences between memory functions. Thus, perhaps by heritage 
from cognitive experimentalism and neuropsychology, the early days of cognitive 
neuroscience often had as its primary objective to study the neural signature of specific 
cognitive domains or processes in isolation, to extend the knowledge of a priori theoretical 
classifications of human mental faculties through anatomical specification.  

Nonetheless, as functional neuroimaging data shortly began to accumulate at an almost 
exponential rate, the idea of getting the “whole picture” or at least a broader perspective of 
the neural underpinnings of cognition, was quite recently stirred. Questions raised at this 
stage addressed the degree to which brain activation patterns associated with different tasks 
and cognitive functions exhibited regional commonalities of engagement? And what would 
be the appropriate psychological interpretation(s) of such intersecting sites of activation in 
terms of cognitive component processes? These are also two main concerns of the present 
thesis, in which the primary motif is to delineate and characterize shared component 
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processes during tests of long-term memory and working memory with the aid of 
functional neuroimaging.  

 
 
BACKGROUND  
 
I. The ‘meta-analysis’ approach to cross-function neuroimaging. 
 
A first approach to investigate similarities in brain activity between different memory 
domains (and other cognitive functions) was to conduct meta-analyses1 of diverse 
neuroimaging studies. Some of these between-study comparisons have included broad 
assortments of functions/processes spanning from visual attention, via various memory 
processes, to complex problem solving, while others have concentrated on imaging data 
chosen on basis of more constrained inclusion (selection) criteria (e.g., studies with focus 
on a selective set of cognitive demands).    

The former large-scale type of meta-analysis is exemplified by a seminal paper including 
275 PET and fMRI studies from several different cognitive domains (Cabeza & Nyberg, 
2000). The data set included attention, perception, working memory, semantic memory 
retrieval/episodic memory encoding and episodic memory retrieval across verbal, object and 
spatial stimulus-material types. Although specific activation patterns were identified for 
each cognitive function, the aggregated activation data also revealed a fair degree of overlap 
in regional cerebral recruitment across diverse arrays of cognitive tasks, including tasks 
supposed to tap different memory systems (Cabeza & Nyberg, 2000). The most consistent 
site of across-function similarities was the frontal lobes.  

The indicated task-general PFC involvement has also been investigated in other ‘meta-
analyses’ or reviews of functional neuroimaging studies (e.g. Christoff & Gabrieli, 2000; 
Duncan & Owen, 2000; Fletcher & Henson, 2001). For example, one meta-analysis 
surveyed ‘between-study’ similarities in a selective set of prefrontal subregions (ventrolateral 
PFC, dorsolateral PFC and anterior PFC) in relation to encoding and retrieval aspects of 
episodic long-term memory and working memory (Fletcher & Henson, 2001). Another 
‘meta-analysis’ highlighted common frontal lobe activity across multiple studies, 
encompassing five different cognitive demands; response conflict, novelty, number of 
elements in working memory, working memory delay and perceptual difficulty (Duncan 
and Owen, 2000).  

For the three classes of memory under scrutiny in the present thesis; episodic and 
semantic long-term memory, and working memory, findings from ‘meta-analyses’ converge 
in showing overlapping activity in several prefrontal regions. Common regions have been 
located in ventrolateral PFC (BA 44/45/47), dorsolateral PFC (9/46), frontopolar cortex 
(BA 10) and the anterior cingulate cortex (ACC; BA 24/32). Still, the observed cerebral 
similarities are not homogenous in observed frequency across all memory domains, in that 
some commonalities are relatively selective for certain (pairs of) functions. For instance, the 
anterior PFC, at or near the polar cortex, is preferentially associated with episodic retrieval 
and to a lesser degree with working memory. In a ‘meta-analysis’ with a selective focus on 
studies of episodic memory and reasoning/problem solving (Christoff & Gabrieli, 2000), 
the frontopolar cortex was found to be a general site of brain activation.                

However, it should be noted that ‘meta-analyses’ are not optimal for the purpose of 
identifying brain response similarities (or differences) across functions, as they do not allow 
reliable inferences about whether the same brain region is actually involved across different 

                                                 
1 It should be emphsized that the term ’meta-analysis’ is not used in a strict sense, and that the types of 
studies implicated are typically and more accurately referred to as reviews. 
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studies, or whether adjacent but distinct subregions are responsible for what appears to be 
cross-study activation overlaps. Furthermore, assembling data from multiple imaging 
studies for analysis usually fails to provide credible comparisons of regional differences in 
activation magnitudes across co-jointly activated sites. This is partly due to the typical 
multitude of (i.e. non-equivalent) control conditions/comparison tasks used across studies 
(Démonet et al., 1996). Other factors that are difficult to account for in meta-analyses are 
between-study differences in use of; imaging methods/equipment, statistical 
methods/analytical strategies, statistical thresholds, stimulus material, response modality 
etc.  

Accordingly, a next step in the study of shared and selective cerebral recruitment 
between different memory domains (and other functions) was to conduct direct within-
subjects comparisons of brain activity during task performance of two or more functions in 
a single study. Studies that have utilized within-study comparisons of different memory 
domains will briefly be reviewed in the next section.        

 
 
II. The within-subjects approach to cross-function neuroimaging.  
 
Functional imaging studies that employ direct comparisons between different cognitive 
functions within the same set of subjects, have during the last few years become to represent 
a “new field of interest” in the cognitive neuroscience literature. These within-study or 
within-subjects experiments have utilized either blocked (PET or fMRI) or event-related 
(fMRI) designs.  

 Blocked paradigms: An early fMRI study utilizing a within-subjects design, compared 
brain activity associated with verbal working memory and spatial attention to reveal 
common cerebral networks (LaBar et al., 1999). Although task paradigms were selected to 
ensure minimal processing confound, a considerable overlap was observed in the imaging 
data. Brain regions similarly activated by both tasks were located in posterior/dorsomedial 
PFC (BA 6), parietal (BA 7/40) and left temporal regions (BA 21/37). A blocked fMRI 
study by Braver and colleagues (2001) incorporated tasks of working memory, episodic 
memory retrieval and episodic memory encoding using two sets of stimuli; words and 
unknown faces. Although the study did not include an analysis of overall activations, some 
of the reported findings deal with commonalities. Ventrolateral PFC (BA 44/45) was 
engaged in all three memory functions, albeit showing a lateralization effect in relation to 
stimulus material; left-lateralized activity for words and right-lateralized activity for faces. 
However, a more posterior area in right ventrolateral PFC (BA 44) was also commonly 
activated during all tasks involving word stimuli. A somewhat intriguing finding was that a 
left frontopolar (BA 10) region was found to be significantly activated only in association 
with working memory. However, episodic retrieval and working memory were reported to 
show overlapping activity relative to baseline in other frontopolar areas.  

In keeping with the above findings, two large-scale PET experiments conducted by 
Nyberg and colleagues (2002) revealed common sets of prefrontal regions that were 
similarly recruited in association with different constellations of episodic memory, semantic 
memory and working memory tests. A multivariate analysis technique, partial least squares 
(PLS) (McIntosh et al., 1996), was used to identify the specific groupings of memory tasks 
that would account for the greatest amount of variance in the overall activation data. 
Together, the two experiments comprised three tests for each memory domain. Experiment 
1 yielded selective activations associated with episodic retrieval and working memory in 
right frontopolar cortex (BA 10), bilateral parietal cortex (BA 7/40), and precuneus/cuneus 
(BA 7/31). In Experiment 2, episodic and semantic long-term memory tasks were 
selectively associated with activations in left ventrolateral PFC (BA 44/45), right 
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ventrolateral PFC (BA 47), medial PFC (BA 6), left temporal gyrus (BA 21) and 
cerebellum.                   

Event-related paradigms: A direct comparison of the neural correlates of encoding and 
retrieval phases during episodic memory and working memory was carried out by 
Ranganath and colleagues (2002) using event-related fMRI. The stimulus material 
consisted of unfamiliar faces. Several PFC subregions showed increased activity in 
association with both episodic and working memory across encoding and retrieval 
processes. These regions were located in bilateral ventrolateral PFC (BA 44/45/47) and 
bilateral posterior frontal areas (BA 6). In addition, common activations differentially 
related to retrieval in both tasks were found in bilateral dorsolateral PFC (BA 9 and 46), 
left anterior PFC (BA 10/46) and ACC (BA 24). Thus, the specific large-scale cerebral 
networks that subserve episodic long-term memory and working memory, respectively, 
involve a subset of prefrontal regions that constitutes a general neural network putatively 
responsible for component processes engaged in both functions. The spatial extent of the 
overlap appeared to be dependent upon which specific process was engaged during trial 
performance (i.e. the encoding or retrieval phase). Retrieval yielded additional regional 
recruitment shared by episodic memory and working memory, beyond the common 
network involved in both encoding and retrieval operations.  

Another event-related fMRI study by Cabeza and colleagues (2002) corroborated the 
above findings of PFC commonalities between episodic memory and working memory. 
This experiment also measured brain activity during two separate phases of task 
performance. During episodic retrieval, the first phase in each trial consisted of an 
instruction to think back to a previous study list. In the second phase a retrieval cue was 
presented, to which subjects were to respond by making a Remember-Know-New 
judgment. During the first phase of a working memory trial, four ‘to-be-remembered’ 
words were presented simultaneously in two columns. The second phase consisted of a 
single word probe, to which subjects were to respond by making a Right-Left-New 
judgment. Episodic and working memory trials were randomly ordered. Overlapping 
activations were found in both prefrontal and parietal cortices. Common frontal lobe 
activity was revealed in the left dorsolateral PFC (BA 9), bilateral ventrolateral PFC (BA 
45), ACC (BA 32) and the dorsomedial PFC (BA 6). All regions evoked increased activity 
during retrieval (phase 2), but only the dorsomedial area was also activated during 
maintenance/encoding (phase 1).  

Using a similar ‘two-phase’ task set-up and event-related fMRI, Cabeza and 
collaborators have also examined similarities in evoked brain responses during tasks of 
episodic memory retrieval and visual attention (2003). For trials in each task, phase 1 
consisted of a 3 second presentation of a three-choice response display (Remember-Know-
New in the memory task; and One-Two-None Blips in the attention task), which informed 
subjects of what task they were to perform. Following this “task instruction”, phase 1 also 
included a fixation gap (memory task) or a continuous display of a symbol (attention task), 
during which subjects performed a vigilance task (i.e. monitoring for the occurrences of 
‘blips’). The second phase constituted a retrieval cue (memory task) or the question 
‘blips?’(attention task), to which subjects made a three-choice response in accordance with 
the instructions. The study demonstrated a common network including frontal and parietal 
cortices, ACC and thalamus, which points to the involvement of general attentional 
processes as part of the large-scale neural network typically associated with episodic 
retrieval.                                                          
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III. Implications for shared component processes.  
 
Taken together, “between-study” and “within-study” investigations of cross-functional 
brain activity provide substantial evidence that patterns of prefrontal (and other) activations 
generalize across episodic memory, semantic memory and working memory, but also 
(seemingly) across a wide range of other cognitive domains (Cabeza & Nyberg, 2000). As 
yet, it has not been established what specific component process or processes are signified 
by this pattern of general cerebral response.  

There are (at least) two key component processes aspiring to lend their function to the 
network of brain regions that consistently activate in tasks of episodic memory, semantic 
memory and working memory (especially if compared to a low-level baseline). First, at a 
basal level some of the task general neuro-circuitry is likely endowed to attentional 
processing mechanisms, that come into play with increased cognitive demand. Secondly, 
general working memory processes arguably represent an essential component shared by 
most cognitive tasks. Neuroimaging studies have provided evidence that attention and 
working memory are supported by circuitry in frontal and parietal cortices. Both empirical 
findings (see Awh & Jonides, 1999 for review) and psychological theories (e.g., Baddeley, 
1993) suggest that these two types of processes are intimately intertwined in human 
cognition, and may both be referred to as being part of cognitive control systems.  

 
 

OBJECTIVE 
 
The main goal of the two empirical studies in this thesis was to assess overlap in activation 
patterns for episodic memory, semantic memory, working memory, and attention, with the 
purpose of defining shared cognitive and neurobiological component processes.  
 
 
EMPIRICAL STUDIES 
 
Study 1 
 
This study was based on functional imaging data from two large-scale PET experiments 
that comprised multiple tests of working memory, episodic long-term memory and 
semantic long-term memory (Nyberg et al., 2002). The objective was to examine the extent 
to which commonalities in regional recruitment exists between various tests of different 
memory systems. The logic behind this was that findings of overlapping neural activity 
would implicate shared processing components, the identification and specification of 
which might contribute to enhance our understanding of how mnemonic functions are 
implemented in the human brain. To accomplish this, the overall data was re-analyzed to 
identify brain regions that were similarly engaged across all tasks. Altogether, the two 
experiments included three measures related to each memory system. The tests of working 
memory included a 1-back task, a 2-back task and random number generation. Episodic 
memory was indexed by a recognition task, cued recall and autobiographical memory. 
Semantic memory was measured during tests of living/non-living categorization, fact 
retrieval and synonym generation. Furthermore, the processing demands were varied as to 
response output. Tasks with emphasis on either ‘generation’ processes or ‘categorization’ 
processes were included for each domain. These two types of processes have been associated 
with separate neural correlates (Cabeza and Nyberg, 2000), and was considered a possible 
alternative basis of activity-related task division. Regarding the current focus on identifying 
task general activation patterns, the inclusion of different processing requirements in 
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addition to the multiple measures of each domain, makes findings of shared neural 
mechanisms even more noteworthy. The statistical analysis included two steps to isolate a 
common network of brain activity. First, two overall activation maps were created by 
conducting a weighted contrast of all memory tasks relative to reading baseline for each 
experiment, independently. Next, the activation map associated with Experiment 1 was 
used as an inclusive mask for the corresponding activation map in Experiment 2, in order 
to identify significant regional activities across both experiments. In a second step, each 
region in the generated “overall” activation map was investigated with respect to the effect 
evoked by each individual memory task, to assure that overall effects were not driven by 
only a subset of memory tasks. The results converged in showing four anatomically distinct 
regions within the frontal lobes that were co-jointly activated in all memory tasks relative to 
baseline (Figure 1). These were located in left hemispheric mid-ventrolateral (BA 45/47), 
mid-dorsolateral (BA 9/46) and frontopolar (BA 10) PFC, and midline ACC (BA 24/32). 
Thus, the revealed commonalities corroborate previous findings of a prefrontal 
predominance in cross-functional overlap of brain activity, which implicates the 
engagement of common executive processing, cognitive control (Sylvester et al., 2002; 
Wagner, 1999; 2001) or general attentional processes (Baddeley, 1993). The question of 
what specific process(es) could be attributed to this overlap was further addressed in study 
2.    
 

 
 
Figure 1: Common prefrontal activity associated with tests of working memory, episodic 
memory, and semantic memory. 
 
 
Study 2 
 
This study used a novel fMRI design to enable further cognitive dissection of the revealed 
commonalities in regional recruitment during tasks of episodic and semantic long-term 
memory. To more fully understand how shared PFC mechanisms contribute to long-term 
memory, it is important to explicate the temporal nature of common activations in terms of 
sustained versus transient components, which has as of recently remained an elusive query 
due to limitations in available imaging methodologies. However, the introduction of a 
hybrid design that merge event-related and blocked fMRI-procedures, have allowed 
dissociation of brain activity related to transient item-specific processes and brain activity 
related to sustained processes, independent of the former stimulus-locked phasic 
modulations (Figure 2). In brief, the utilized hybrid design comprise task blocks intermixed 
with control blocks. Within task blocks the individual items or trials are pseudorandomly 
sequenced in a jittered fashion, i.e. the presentation rate is varied by intermixing different 
time gaps between items. This is standard procedure in event-related fMRI, and permits 
analyses of regional timecourse differences within activation patterns evoked by particular 
stimuli. In order to elucidate the nature of the shared component processes implicated by 
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the consistent PET and fMRI findings of overlapping patterns of activation, specific 
knowledge of regional differences in temporal dynamics may be informative.  
 

 
 
Figure 2: Illustration of the mixed blocked/event-related fMRI design. 
 

Two specific goals were outlined for Study 2. A first aim was to use the described 
hybrid event-related/blocked fMRI-design to dissociate common long-term memory 
activations with respect to ‘state-related’ or sustained versus ‘item-related’ or transient 
neural responses. Secondly, the overlapping pattern of sustained activity associated with 
episodic and semantic long-term memory task performance was compared with sustained 
brain activity associated with a working memory task and an attention task, respectively. 
The incorporation of these multiple measures, in addition to the design enabling 
delineation of the temporal characteristics of evoked neural responses, permitted a unique 
chance to differentiate the neuroanatomic correlates shared between long-term memory 
tasks, with regards to relative contributions of working memory and/or attention processes.  

The results yielded a fair degree of overlap in the sustained activity increases associated 
with the two long-term memory tasks, although the activity pattern was more extensive and 
of greater magnitude in the semantic memory task. Overlapping prefrontal activations were 
elicited in bilateral ventrolateral PFC (BA 47/45), medial frontal gyrus at the border of 
ACC (BA 8/32), and bilateral anterior PFC near polar cortex (BA 46/10). More posterior 
regions that showed common sustained increases included left middle temporal (BA 21) 
and bilateral parietal (BA 40/39) cortex. By inspecting peak loci of this general long-term 
memory pattern of sustained activity with respect to brain responses evoked during working 
memory and attention tasks, respectively, we obtained relative indicators of the regional 
contribution of each process to the neural network shared by episodic and semantic 
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memory functions. The main finding was that sustained processing components showed a 
closely corresponding response pattern for long-term memory and working memory. A 
subset of the regions that showed overlapping sustained increases across long-term memory 
tasks elicited sustained increases in association with the attention task. However, these 
regions almost exclusively activated during working memory as well (Figure 3). Transient, 
as compared to sustained activity increases, were characterized by relatively higher degrees 
of task-selectivity. Moreover, the results yielded findings of widespread response decreases 
relative to baseline, both in sustained and transient activity, mainly in association with the 
working memory and attention tasks. Sustained decreases were most pronounced in more 
posterior cortices, including the parieto-occipital sulcus (BA 18/19). Episodic memory 
showed a limited pattern of regions with sustained decreases; including the posterior 
cingulate gyrus (BA 29/30) and parahippocampus (BA 34), all of which overlapped with 
the more extensive decreases associated with working memory and attention. Semantic 
memory barely showed any sustained decreases. The results indicate that dissociable 
component processes underlie shared neural machinery between episodic and semantic 
long-term memory. Specifically, we distinguished relative regional contributions to more 
general attentional control processes that putatively operate during many different kinds of 
memory tasks as well as working memory component processes more directly related to 
mnemonic processing.  

 

 
 
Figure 3: Common sustained activity increases associated with attention, working memory, 
and episodic and semantic long-term memory. 
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CONCLUSIONS 
 

The general aim of the present thesis was to investigate the prevalence of shared 
cognitive and neurobiological mechanisms in the context of three forms of memory; 
episodic long-term memory, semantic long-term memory and working memory, all of 
which may be considered as declarative memory systems (Squire, 1992). More specifically, 
the objective was to isolate common neural circuitry among these systems, and if possible, 
dissociate general regions in terms of underlying component processes.     

The present findings corroborate previous data in showing overlapping patterns of 
brain activity in the frontal lobes. In study 1, the common network of brain regions 
recruited in association with all memory tests (relative to a reading baseline) consisted of 
four distinct prefrontal areas. In lateral PFC, regions within left ventrolateral (BA 45/47), 
left dorsolateral (BA 9/46), and frontopolar (BA 10) activated across tasks (indexing various 
aspects of episodic memory, semantic memory and working memory). Likewise, all tasks 
activated a medial portion of PFC, the anterior dorsal section of the cingulate cortex (BA 
24/32).  

The results of study 2 replicated and extended the findings of study 1. Sustained 
activity increases, common to attention, working memory and long-term memory, were 
observed in three frontal regions. These were located in ventrolateral PFC bilaterally (BA 
47/45) and the medial portion of PFC including a part of the ACC (BA 8/24). These 
regions and associated cognitive processes can likely be related to attentional processes. In 
agreement with this, previous findings have observed attentional modulation in these 
frontal regions (Cabeza et al., 2003).  

In addition, in study 2, two frontal regions (located in ACC and frontopolar cortex) 
showed increased activity during working memory and long-term memory in the absence 
of attentional effects. These regions and corresponding processes may reflect higher-order 
cognition such as executive control (Wagner, 1999; 2001). The specific regions where this 
response was observed were more anterior, as compared to the task-general areas, extending 
into the frontopolar cortex (BA 10), and have previously been related to higher-order 
control processes (Braver & Bongiolatti, 2002; Christoff & Gabrieli, 2000; Koechlin et al., 
2003).  

Taken together, the results of the functional neuroimaging studies reported here point 
to pronounced similarities between processes operating during tests of various forms of 
memory and also attention. The fact that these similarities seem to be prominent in 
prefrontal cortex is in keeping with previous theoretical models suggesting domain-
independent (e.g., verbal vs. non-verbal) and task-general responses in frontal cortex (e.g., 
Moscovitch, 1992). Based on these and related observations it is concluded that future 
empirical and theoretical work more strongly should focus on similarities between various 
forms of cognition (Anderson et al., 2003). One fruitful approach may be to manipulate 
the executive demands within different cognitive domains (e.g., working memory and 
episodic memory). This would allow investigation as to whether these manipulations can be 
related to overlapping neural responses. If so, this would constitute additional evidence for 
the notion that common executive or working memory processes mediate task performance 
across what traditionally has been conceived of as distinct cognitive domains.  
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