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Short Communication

Simulating Rumination’s Influence on Bias in Evaluating Parapsychology 
and Neuroscience Studies using ACT-R
Yuki Dubois*

Department of Social Psychology, Kyoto University, Japan

INTRODUCTION 
Rumination, the repetitive and passive focus on distressing 
thoughts or feelings, significantly affects cognitive processes, 
particularly memory recall. Understanding the mechanisms 
behind this can offer insights into cognitive vulnerabilities 
associated with mood disorders like depression and anxiety. 
One effective approach to studying rumination’s impact on 
memory recall is through computational modeling, specifically 
using the Adaptive Control of Thought Rational (ACT-R) 
framework. ACT-R is a cognitive architecture that simulates 
human cognitive processes, providing a powerful tool for 
investigating the intricate dynamics of memory and rumination.

DESCRIPTION
ACT-R models cognition by dividing the mind into modules, 
each responsible for different cognitive functions, such as 
memory, attention, and problem-solving. These modules 
interact through a central production system that coordinates 
cognitive activities. In modeling the effects of rumination on 
free recall, the focus is on the declarative memory module, 
which handles the storage and retrieval of factual information 
and past experiences, and the production system that governs 
the sequence of cognitive operations. In the context of free 
recall, individuals are typically asked to remember and report 
items from a previously studied list in any order. Rumination 
can disrupt this process by occupying cognitive resources and 
altering the accessibility of stored memories. To model this in 
ACT-R, we simulate the cognitive processes during rumination 
and its interference with memory retrieval. The first step is to 
encode the studied items into declarative memory. In ACT-R, 
each item is represented as a chunk with varying activation 
levels, determined by factors such as recency and frequency 
of access. During free recall, items with higher activation levels 
are more likely to be retrieved. Rumination can be modelled as 

an intrusive thought process that repeatedly activates distress-
related chunks, thereby drawing cognitive resources away from 
the target recall task. To simulate rumination, we introduce 
a set of production rules in the ACT-R model that mimic the 
repetitive and intrusive nature of ruminative thoughts. These 
rules trigger the activation of rumination-related chunks, which 
compete with the target items for retrieval. This competition 
reduces the activation levels of the target chunks, making them 
less accessible for recall. Additionally, the production rules 
can simulate the cognitive load imposed by rumination. This 
is achieved by incorporating a parameter that represents the 
cognitive resources consumed by ruminative thoughts. When 
this parameter is high, it indicates that a significant portion of 
cognitive resources is occupied by rumination, leaving fewer 
resources available for the recall task. This can be represented 
in the model by increasing the latency of memory retrieval 
operations, thus reflecting the slowed cognitive processing 
observed in individuals who ruminate. Furthermore, the 
impact of rumination on the context representation in ACT-R 
can be modelled. Context representation in ACT-R influences 
which chunks are retrieved by associating them with specific 
contextual cues. Rumination can alter this representation by 
introducing intrusive contextual cues associated with distressing 
thoughts, thereby disrupting the retrieval process. The model 
can simulate this by modifying the contextual associations of 
memory chunks, making it more likely for rumination-related 
chunks to be retrieved instead of the target items. Through 
these modifications, the ACT-R model can simulate the 
detrimental effects of rumination on free recall. It can illustrate 
how ruminative thoughts interfere with the accessibility of 
target memories and increase retrieval latency. The model 
can also predict specific patterns of recall performance, such 
as reduced overall recall, increased intrusion errors (recalling 
irrelevant or distress-related items), and slower retrieval times 
[1-4].
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CONCLUSION
Ultimately, navigating the fear of AI requires a balanced 
approach that acknowledges both the opportunities and 
challenges presented by AI technology. By proactively 
addressing concerns, promoting ethical practices, and fostering 
education and dialogue, we can harness the potential of AI to 
benefit society while mitigating the risks and uncertainties that 
contribute to fear and apprehension.
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