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•  Various theoretical accounts have been put forth to interpret the functional properties of rostral 
prefrontal cortex (RPFC), suggesting that it may serve as: (1) the most abstract control node of a 
rostral-caudal prefrontal hierarchy1, (2) a hub for integrating/relating the outcomes of lower-level 
cognitive operations2, (3) a locus for the maintenance of abstract task goals3, (4) a switching 
station that flexibly toggles attention between stimuli in the external environment and internally-
retrieved representations4. 

•  Although RPFC activity is commonly reported in tasks requiring abstract analogical reasoning5 and 
tasks requiring the retrieval of episodic memories6, no fMRI study to date has directly compared 
RPFC involvement in these seemingly distinct cognitive processes. 

•  Using a novel experimental paradigm that carefully balances bottom-up stimulus processing and 
response demands across tasks, we examined the fMRI activity and functional connectivity profile 
of RPFC regions during analogical reasoning, episodic memory, and visuospatial perception tasks. 

Background 

•  20 subjects underwent fMRI scanning (3.0T Siemens, TR=2s, TE=30ms; Voxel size=3x3x3.7mm) 
as they alternated between performing three cognitive tasks that each involved viewing 4-word 
stimulus arrays and selecting between four response options. There were 96 trials per task. 

•  Reasoning (R): judge whether the top and bottom word pairs shared the same abstract 
relationship or specify whether any non-analogous semantic relationships were present 

•  Memory (M): identify which, if any, of the 4 words had been previously encountered during a pre-
scan study session (1 day prior) and indicate the contextual source of the memory, if possible 

•  Perception (P):  identify which of the 4 words contained the greatest number of straight lines 
•  Before each 4-trial block, a task-set cue (R, M, or P) informed the subject of the cognitive 

operations to perform on the upcoming stimulus arrays. 

Experimental Design 

Behavioral Results 

Univariate fMRI Analysis 

Multi-Voxel Pattern Analysis 

Psychophysiological Interactions Analysis 

•  Our fMRI results illustrate the remarkable overlap in prefrontal recruitment during analogical 
reasoning and episodic memory retrieval. 

•  Medial RPFC shows sustained involvement across task blocks, which may be associated 
with maintaining an internally-oriented cognitive task-set, whereas left lateral RPFC may 
support more transient control operations needed for integrating task-relevant information. 

•  Despite common engagement of left lateral RPFC during reasoning and memory in 
univariate analysis, its multivariate activity patterns contained sufficient representational 
information to differentiate between these two tasks, suggesting that the computations 
supported by this region may be sensitive to task-specific content. 

•  Moreover, left lateral RPFC can flexibly couple with distinct posterior neural networks 
depending on the type of representations that must be integrated to accomplish each task. 

Summary and Conclusions 

REASONING TASK RESPONSE OPTIONS 
①  Analogical relationship 
②  Two semantic relationships 
③  One semantic relationship 
④  No semantic relationships 

•  A mixed block / event-related design modeled sustained and transient effects  
•  Reasoning and Memory activity estimates were contrasted against the Perception 

task (to control for shared demands for visual processing and response selection) 

•  A spherical searchlight mapping analysis with a Gaussian Naïve Bayes classifier 
and leave-one-run-out cross-validation was applied to interrogate the 
representational content of focal brain activity patterns (3 mm radius sphere). 

•  We searched for regions that could reliably decode Valid Analogy trials vs. Correct 
Source Retrieval Memory trials. 

•  Generalized form of context-dependent psychophysiological interactions (gPPI) analysis 
was performed using seeds from the aforementioned analyses (6 mm radius spheres).  

•  The left medial RPFC seed was defined based on its sustained activation effects (R & M 
vs. P), whereas the left lateral RPFC seed was defined based on the searchlight MVPA. 

Sustained effects from the Memory and 
Reasoning tasks show common left medial 
RPFC activation. This temporally-sustained 
effect may reflect the maintenance of an 
internally-oriented cognitive task set (in 
contrast to the externally-oriented task set 
required for the Perception condition). 

Transient effects from the Memory task 
(correct source retrieval trials) and 
Reasoning task (valid analogy trials) show 
common activation of left lateral RPFC, 
along with DLPFC, VLPFC, and parietal 
regions. Collectively, these areas may 
contribute to the retrieval, monitoring, and 
integration of the episodic or semantic 
knowledge needed to solve the Memory 
and Reasoning tasks. 

The Memory and Reasoning tasks show common 
coupling between the medial RPFC seed and the 
default mode / memory retrieval networks7, which 
have been associated with attention to internal 
representations. This putatively suggests that the left 
medial RPFC contributes to the maintenance of 
internally-oriented task-sets. 

The Memory and Reasoning tasks show common 
coupling between the left lateral RPFC seed, 
putatively associated with transient integration of 
task-specific content, and the fronto-parietal control 
network. During the Memory task, this seed also 
shows preferential coupling with the default mode / 
memory retrieval networks. During the Reasoning 
task, it shows a more varied connectivity profile, 
coupling with networks associated with both external 
stimulus processing and internal mentation. 

Left lateral RPFC showed robust decoding 
of Reasoning vs. Memory (peak accuracy = 
71.2%). The fact that this region is 
commonly recruited during both tasks and 
yet shows unique and predictable activity 
patterns for each task suggests that 
processing within this region can be 
reconfigured based on the distinct 
integration demands posed by each task. 
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MEMORY TASK RESPONSE OPTIONS 
①  Remember word from SELF Context 
②  Remember word from OTHER Context 
③  Remember word but don’t recall source 
④  Don’t remember any words (all novel) Example block where the 

Reasoning task was performed 
for 4 trials (only 2 shown), followed 
by the Perception task-set cue 

PERCEPTION TASK RESPONSE OPTIONS 
¡  Indicate which quadrant contains 

the word with the most straight lines 

NOTE:  Univariate fMRI betas from this left RPFC cluster show 
a slight but non-significant (p = .13) preference for Reasoning 
analogy trials over Memory source correct trials.  

 

Classification performance using the mean of each sphere was 
dramatically reduced, highlighting the added value of MVPA. 
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•  Although Reasoning trials were performed slightly faster overall (p = 0.054), RTs were closely matched between Valid 
Analogy trials and Memory Source Correct trials (p = 0.30) 
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Univariate activity in left lateral RPFC [-45 46 8] 

Contrast of lateral RPFC connectivity during Memory vs. Reasoning 
reveals many regions with enhanced connectivity during Memory, 
whereas only left mid-IFG and bilateral intraparietal sulcus (green 
arrows) showed preferential connectivity during Reasoning.   
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Mean PPI betas were extracted from 
264 functional nodes7 and assessed 
for task-dependent connectivity 
across seven networks of interest 

Map thresholded at p<0.05 Bonferroni-corrected (group-level), 
≥ 75% of subjects individually significant 
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Maps thresholded at p<0.05 GRF-corrected (cluster extent > 29 voxels) 


