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The aim of this project was to investigate the feasibility of using computer
models of human cognition to simulate how people learn when playing cognitive training games. This
involves creating a simplified model of human cognition, which simulates how information is
processed during interaction with cognitive training games. This allows us to implement very
specific theories of human cognition and compare their performance with results from empirical
research involving human subjects. If successful, these models could be used as a design tool, to
help us develop more effective cognitive training games.

Overall, while the feasibility of the apﬁroach was partially demonstrated, several important
challenges were also identified during the research. Preliminary research results have been

disseminated at conferences, and a final paper explaining the challenges discovered is currently in
preparation.
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Currently, there is considerable interest, both among the general public and in academic
settings, in cognitive training apps and games (sometimes referred to as “brain games”).
These artifacts are intended to be entertaining, interactive experiences (e.g., mobile games)
which, when played regularly, will improve players’ cognitive functions, such as working
memory, attention, multitasking, etc. In addition, several companies (e.g., Lumosity) are
producing and marketing cognitive training games, and large numbers of customers are
paying to access these services. However, research on the effectiveness of cognitive training
games is inconclusive. While there are some individual studies which suggest playing such
games can improve cognitive function, recent reviews and meta-analyses (e.g., Nguyen et al.,
2021) demonstrate only small effects of cognitive training games and similar programs. Thus,
further research is necessary; in particular, it is imperative that we understand the potential
mechanisms by which cognitive training might be effective (Simones et al., 2016; Smid et al.,
2020). Such research would also facilitate the design of more effective cognitive training
games; if we can simulate the mechanisms by which engaging with particular tasks (or kinds
of tasks) leads to improved general cognitive abilities, it would therefore be straightforward
to implement such tasks in cognitive training games that can be used by human players.

The aim of this research was to investigate the feasibility of using computational models of
cognitive training to understand the mechanisms by which cognitive training might be
effective, with a view to improving the design of future cognitive training games. Specifically,
this project used an adapted version of the model of task switching presented by Rougier et
al. (2005). In their research, the authors showed how the development of abstract
representations of cognitive tasks in the prefrontal cortex facilitated improved performance
on the tasks and facilitated performance on novel (but similar) tasks through generalization
(that is, the abstract representations developed during one task could be used to successfully
perform a different, related task). The present research aimed to investigate how variation
in the way in which task stimuli are presented (specifically, through the addition of increased
noise in the presented stimuli) affected the development of abstract representations. It was
postulated that increased noise (e.g., presenting a stimulus within a more complex scene
containing random irrelevant stimuli) would facilitate the development of abstract
representations better than stimuli presented without such noise.

Firstly, the model from Rougier et al. (2005) was implemented in Emergent version 8.5.2
using the Leabra learning algorithm. The tasks presented to the model were then adapted
into several versions, each incorporating various amounts of additional background noise in
the presented stimuli. The model was trained on these tasks, using a subset of the possible
stimuli, and then tested on the full set of stimuli. The synaptic weights and connections
between layers were examined and compared for the various versions of each task (i.e.,
comparing how changing the amount of noise affected the synaptic weights and connections
between layers), with the aim of identifying units in the prefrontal cortex layer of the model
that had learned to represent a specific dimension of the task, such as a color. For example,
a subset of units in the prefrontal cortex layer might develop connections to the response
layer such that these units are responding to, and representing, the various colors (e.g., red,
orange, green, and blue) of a stimulus, which another subset of units in the prefrontal cortex
layer will similarly respond to the various shapes (e.g., circle, triangle, square, cross) of a
stimulus. As such, the prefrontal cortex layer will have learned to represent the various
dimensions of the stimuli (color, shape, etc.) in an abstract, generalized way.

It was possible to implement the model from Rougier et al. (2005) and replicate their findings.
The tasks were then altered to add various levels of additional noise in the presented stimuli.



Subsequent training of the model on these altered tasks demonstrated mixed results. Firstly,
while it was possible to identify the formation of abstract representations for some of the
altered tasks but not others, it was difficult to identify how the variation in noise was
affecting whether abstract representations developed, and to quantify the level of abstract
representation (i.e., to compare two versions which developed abstract representations).
Secondly, it was difficult to interpret the results without comparable empirical data from
human subjects training on the same tasks. Since a cognitive model is a computational
implementation of a theory of cognition, it is necessary to obtain human data to fully test the
theory. However, the original research plan did not involve the collection of human data, so
such comparisons were impossible. An additional challenge to this approach was identified,
in that determining how to introduce noise into the stimuli in a way that would be feasible
in a real cognitive training game for human use was difficult. Again, empirical data from
human subjects would help to mitigate this issue. Overall, the main findings of this research
are that it is feasible to implement computational models of cognitive training games and to
alter the tasks presented to these models to test theories about the mechanisms by which
cognitive training might be effective (e.g., the formation of abstract representations).
However, challenges to this approach remain, and future research should incorporate
empirical data from human subjects to fully understand and interpret results.

References

Nguyen, L., Murphy, K., & Andrews, G. (2021). A game a day keeps cognitive decline away?
a systematic review and meta-analysis of commercially-available brain training programs in
healthy and cognitively impaired older adults. Neuropsychology Review, 1-30.

Rougier, N. P.,, Noelle, D. C., Braver, T. S., Cohen, J. D., & O'Reilly, R. C. (2005). Prefrontal
cortex and flexible cognitive control: Rules without symbols. Proceedings of the National
Academy of Sciences, 102(20), 7338-7343.

Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. F, Hambrick, D. Z.,
& Stine-Morrow, E. A. (2016). Do “brain-training” programs work?. Psychological science in
the public interest, 17(3), 103-186.

Smid, C. R., Karbach, J., & Steinbeis, N. (2020). Toward a science of effective cognitive
training. Current Directions in Psychological Science, 29(6), 531-537.



Nigel ROBB 10

Attitudes and habits regarding brain training applications and games among Japanese consumers: 2021
a cross-sectional study

F1000 Research 1-14

Dol
10.12688/f1000research.42125.1

Nigel Robb

Modeling task representations in the prefrontal cortex during skill acquisition

University of Tokyo Faculty Research Forum

2020

Nigel Robb

Towards Better Brain Training: A Computational Cognitive Modelling Approach to Improving the Design ofExecutive Function
Training in Educational Contexts

The Asian Conference on Education

2019







