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Despite decades of research, the theoretical landscape of cognitive control remains fragmented, with models proposing multiple, 
unintegrated functions [1]: from conflict detection [2], error prediction [3] and effort coding [4] to proactive/reactive control modes 
[5]. Central debates persist on how signals like conflict influence control allocation. Some models suggest continuous modulation 
[6–8], while others even put in doubt that these effects reflect genuine dynamic control, proposing simpler processes like associative 
learning [9]. Furthermore, while control allocation is increasingly conceptualized as an optimization problem that balances costs 
(effort, conflict) and benefits (reward, motivation), how these different values are computationally represented and integrated within 
hierarchical control systems remains an unresolved issue [4,10].

In this fragmented landscape, the Active Inference framework by Proietti et al. offers a promising path toward unification. The 
model recasts control allocation as a hierarchical optimization problem, integrating conflict, surprise, effort, and reward signals within 
a single normative framework. This approach is notable for its theoretical synthesis, and its computational measures serve as strong 
candidates to investigate neural dynamics. While the proposed framework offers a very original perspective, its core assumptions also 
raise critical questions that require empirical validation.

1. An original formulation of conflict’s role and control’s mechanism

The fundamental novelty of the Proietti et al. model lies in how cognitive control is regulated in situations of conflict. In several 
established models [2,4,6] conflict signals are typically treated as direct inputs that proportionally modulate control intensity. In 
contrast, the authors treat conflict as an indirect informational input for a higher-order meta-cognitive agent, which makes a discrete, 
cost-benefit decision on whether to engage deliberation.

This hierarchical approach is necessary to address an impasse that arises from the model’s core Active Inference. The critical 
assumption is that "control" is the precision over the deliberative policy. Crucially, this precision is dynamically adjusted not based on 
the level of experienced conflict, but on the real-world success or failure of the combined deliberative and habitual policy (i.e., 
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expected free energy prediction error). As the authors demonstrate, this leads to a "vicious circle" where a policy failure paradoxically 
reduces confidence in the deliberative component. The "optimistic simulation" - a prospective mechanism that calculates a new, 
optimistic prior - is the specific solution introduced to solve this impasse. This reframes the role of conflict: it is not a direct regulatory 
signal for control, but rather an indirect trigger for the meta-agent to evaluate the necessity of intervention.

This is a highly original perspective that could lead to novel insights, open new scenarios, and prompt a re-evaluation of previous 
findings. However, this innovative - and complex - solution is necessitated entirely by the specific AIF assumption regarding the 
updating of deliberative precision. Therefore, this core assumption demands rigorous experimental verification.

2. The missing link for verification: the need for decision-making dynamics

A crucial link for experimental verification, however, is missing: a mechanistic description of the intra-trial temporal dynamics that 
lead to policy selection (i.e., the decision-making process). This omission is significant, as experimental data in this field rely 
fundamentally on reaction times (RTs) and their distributions, not just final choices. This absence prevents the model from explaining 
core phenomena like the Stroop, Simon, or Flanker effects.

The literature reveals not a unitary mechanism, but a heterogeneous set of processes. Computationally, sequential sampling models 
built to explain these dynamics propose distinct loci of interference [11,12] and qualitatively different dynamics - such as transient 
decay for Simon-task conflict versus sustained accumulation for Flanker [13–15]. This heterogeneity is evident in influential measures 
like delta plots (which map the conflict effect as a function of RT percentiles), which show different profiles: positive for Flanker and 
Stroop tasks, negative for Simon [13,16–20]. Neural evidence also supports this multiplicity with distinct temporal and spectral 
profiles [21,22]. This heterogeneity of mechanisms and observed patterns poses a direct challenge to a unifying framework like Proietti 
et al.’s.

If cognitive control is a single principle of precision optimization, how can this one process generate such radically different 
temporal profiles? The model requires this missing level of description, one typically provided by sequential sampling accounts, 
specifying how its signals (e.g., E and G) translate into the temporal dynamics of conflict resolution. Without this bridge, the model’s 
mechanisms remain disconnected from RT distributions, making it difficult to falsify against the evidence from classic conflict tasks.

3. Conclusion

Proietti et al. put forward a framework of significant originality. The elegance of this work lies in its power to formally unify - under 
a single, normative principle of precision optimization - both pragmatic (e.g., effort, reward) and epistemic (e.g., surprise, conflict) 
signals. This approach offers a fundamentally new lens through which to conceptualize both the mechanisms of control and the role of 
conflict, but its core assumptions now require rigorous validation.

This unification is its greatest strength, but it also presents its greatest challenge. As argued, the empirical landscape of cognitive 
control is defined by a deep heterogeneity, particularly in the decision-making dynamics that classic tasks reveal. The current 
framework, while conceptually powerful, operates at a level that does not yet explain how its single, elegant principle can generate 
such diverse and well-documented behavioral profiles. The challenge for this new perspective is not to ignore this complexity, but to 
explain it. Demonstrating how this unified theory can account for the rich and varied temporal dynamics of conflict remains the most 
crucial test for its future development and empirical validation.
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