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Introduction

Cognitive training is a widespread technique for enhancing mental functioning. It is based on the assumption that engaging in
a series of cognitive activities over time positively affects the central nervous system and, consequently, it allows
compensation and/or enhancement of cognitive skills. There is still a debate about the duration of the effects of a cognitive
training and its generalization to untrained behavior [1]. The pattern of data is often confused due to methodological
differences across studies in terms of type, frequency and duration of the training program. However, the usefulness of
cognitive interventions for improving cognition and maintaining cognitive skills is well-established even in space research.
Psychological literature typically identifies two major categories of interventions. The first type of training is strategy-based,
i.e. based on a specific technique to support execution of a cognitive task (for example, mnemonic strategies for memory

tasks) or on multi-domain techniques, that is, programs that involve multiple cognitive domains, such as perception, attention,
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memory, etc. (as in the case of video games-based programs). The second type of training is process-based, that is,
interventions based on general processing skills (e.g., speed of processing) which, therefore, support a variety of cognitive
functions. As far as we know, we do not have yet studies that clearly compared the effects of these two types of interventions
during a space mission.

One of the first works on cognitive training in the space context is the one by Eddy et al. [2]. Four astronauts took part in 37
training sessions: 24 before, 9 during and 4 at the end of the mission. The 24 sessions before departure included 8 training
sessions for two days and 16 practice sessions for about 3 weeks. Cognitive testing lasted about 20 min. and participants were
engaged in a spatial matrix rotation task, a continuous recognition test, Stenberg's memory task, math tests, and divided
attention tasks. In general, cognitive performance did not show marked changes during the mission, although there were
fluctuations in mathematical and spatial rotation abilities. However, it has to be noticed that the study was developed with the
primary aim of gathering some first evidence about the possibility of measuring cognitive functions in orbit. More interesting
work is the one by Marusic and colleagues [3]. The authors assessed the effect of cognitive training in a 14-day head-down
bed resting condition by measuring brain activity via EEG. The experimental group performed a series of virtual space
navigation tasks, while the control group watched a series of documentaries. Cognitive training was effective in buffering the
effects of the head down bed rest period on the brain. The experimental group showed a power decrease in low delta and theta
waves, while an increase in the same bands occurred in the control group. Given that an increase in delta and theta waves is
typically observed in cognitive aging, the authors concluded that these findings can be considered an index of the cognitive
training’s benefits.

Another similar study [4] focused on the effects of the head down bed rest condition on the Brain-Derived Neurotrophic
Factor (BDNF), a protein that supports neuronal growth. Usually, an increase in the BDNF is observed in aging and indexes a
series of protective mechanisms against cognitive changes. Following cognitive training, the authors did not find an increase
in the neurotrophic factor after the resting period, highlighting how cognitive interventions may reduce the negative effects of
head-down bed rest.

A different study is the one by Bloomberg et al. [5] who developed a specific program to train sensorimotor skills (the so-
called sensorimotor adaptation training). In particular, participants walked on a treadmill mounted on mobile support. This
training system allows us to stimulate simultaneously visual processing (for instance, with the use of discordant visual
information) and motor skills (e.g., walking on mobile support). The final aim was to train the ability to keep the posture in
balance and gait stability. Although the authors did not test this sensorimotor training with astronauts, it represents an
interesting attempt to develop new training programs that rely on cross-modal processing.

The first intervention that we can strictly define as cognitive can be traced in a work that focused on the role of imagery
during a simulated space flight [6]. Participants had to cope with a series of emergencies after taking part in three imaginary
training sessions. These sessions were supervised by an instructor or were self-guided. The imagination sessions involved the
use of mental images that brought attention to visual, auditory, tactile and olfactory sensations. The authors recorded Heart
Rate Variability (HRV), as a measure of the autonomic nervous system and individual regulatory capacities. It was found that
only participants who engaged in the training sessions showed an increase in HRV, which is typically associated with

relaxation and positive emotions.
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In conclusion, there are not many published data on the effectiveness of cognitive training programs in space research.
Unfortunately, the definition of a training per sé requires being tested with multiple tasks and during multiple sessions.
Consequently, training programs are not easy to be implemented on board of the International Space Station. The majority of
findings stems, in fact, from Earth-based simulation studies. It is also true that the numerous behavioral experiments that
astronauts are invited to carry out on the ISS, can be considered instances of cognitive training. At this stage we are not able
yet to measure the effectiveness of different cognitive trainings during a space mission and evaluate their benefits in the short-
and long-term run. We hope that future studies will adopt the distinction between strategy-based and process-based training
and/or foster the development of new research paradigms and guidelines about the use of cognition-based countermeasures

during a space mission.
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