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In a journal club paper Dixon discusses our recent finding of dynamic functional interactions between a 

region in the anteroventral prefrontal cortex (avPFC) and subcortical structures of the reward system, in 

particular the nucleus accumbens (NAcc), which appear to play a crucial role in the ability to resist 

immediate gratification while pursuing long-term goals. Dixon relates this finding to a topical debate about 

the precise cognitive mechanisms supported by anterior portions of the prefrontal cortex in humans. Several 

thoughtful suggestions are made for possible descriptions of what the functions of these anterior prefrontal 

brain regions may be. As in the past we were also very much concerned with detailed theoretical analyses of 

task-related processes that may be associated with activity and/or connectivity changes of anterior prefrontal 

cortices (see also Gruber, 2001; Gruber & von Cramon, 2003), we would like to briefly comment on these 

important questions raised by Dixon in his excellent review. 

First, with regard to the attempt made here to clarify the (one) cognitive mechanism instantiated by the 

anterior (or “rostrolateral”) prefrontal cortex (aPFC), we are not convinced that all of the studies mentioned 

by Dixon including our own investigations have observed activation in exactly the same anterior prefrontal 

sub-area for which one may suppose functional homogeneity. In particular, the stereotactic coordinates 

reported by these studies for aPFC activation foci partly differ from each other, especially with respect to the 

z coordinate (cf. Koechlin et al., 1999; Gruber, 2001; Christoff et al., 2009). Thus, it is conceivable that these 

different neuroimaging studies have found activation of different (more superior/inferior) sub-regions of the 

aPFC that support different functions rather than one specific cognitive mechanism. 

Second, even if one supposes functional homogeneity of these possible sub-regions, we are not convinced 

that the functional contributions of such a functionally homogeneous region can be simply described by 

current psychological terminology. The main reason for this skepticism is the empirical evidence that 

identical brain regions can be recruited by diverse cognitive demands (e.g., Duncan & Owen, 2000), and that 

many supposedly discrete psychological “functions” are not localized to a single brain area. In contrast to 

this attempt to attribute a psychological “function” to exactly one brain region (which may be criticized as 

being neo-phrenological), an alternative approach is to understand psychological constructs or “functions” as 

phenomena that emerge from dynamic and context-sensitive functional interactions between brain regions 



(e.g., Goldman-Rakic, 1996; Mesulam, 1998; Gruber & Goschke, 2004). In this spirit, our current study 

(Diekhof & Gruber, 2010) focused on context-sensitive physiological interactions (rather than on activity 

changes) in order to identify a neurofunctional (rather than cognitive) mechanism that may be a precondition 

for “reasonable” human behavior, i.e. behavior that is decoupled from the impact of immediately rewarding 

stimuli and that – in the present case – is aimed at maximization of success in the long term. 

Third, in line with these theoretical considerations, in our current study the aPFC was not differentially 

activated by the experimental conditions. Instead, we found that a ventral (inferior) region of the aPFC 

exerted or mediated regulatory influences on neural responses in structures of the reward system. These 

functional interactions specifically increased in an experimental situation requiring subjects to resist an 

immediately available reward in favor of a superordinate goal which we – in accordance with a traditional 

and popular theoretical view – conceptualized as a “desire-reason dilemma”. 

Fourth, it is important to note that the experimental control condition used in our statistical analyses 

consisted of neutral (i.e. unconditioned and non-rewarding) stimuli that were presented in exactly the same 

experimental context as the reward stimuli in the experimental “dilemma condition”. Thus, this control 

condition was carefully matched for demands on cognitive processes that Dixon discusses as possible 

functions of the aPFC such as memory retrieval, multitasking or working memory functions. Dilemma and 

control condition only differed with respect to the processing, evaluation and overcoming of the reward 

signal elicited by the conditioned (but not by the unconditioned) targets.   

Finally, we agree with Dixon that “what is rational or reasonable behavior is very context dependent”. 

However, also in his example for an employee it may be reasonable to avoid hypoglycemia with a quick 

lunch, which may increase productivity on the long run (and may perhaps even prevent work loss and/or 

starvation). In the experimental “dilemma condition” of our study, it was always reasonable to choose the 

long-term goal over the desired immediately available reward. Although we agree completely that the term 

“desire-reason dilemma” is highly simplistic, it is nevertheless appropriate for the description of this 

experimental situation and also compatible with the alternative, but in our view not more informative idea of 

a “competition between motivational information represented at different levels of abstraction”. In fact, our 

study is the first one that directly addressed the question of how different neural systems in the human brain, 

which process complementary motivational information, compete with each other in terms of dynamic 

functional interactions. Clearly, this is only a new starting point for further systematic research on the 



functional contributions of the avPFC in its interplay with other brain regions. We are confident that future 

investigations will also lead to a neuroscientific terminology that will permit a more precise and informative 

description of these neurofunctional mechanisms. 
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