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研究成果の概要（和文）：若い参加者に関する最初の研究では、自分の仮想体によってのみ実行される仮想トレ
ーニングが、トレーニング中およびトレーニング直後に有益な効果をもたらす可能性があることが証明されまし
た。トレーニング中に、生理学的変化を検出できます（心臓 レートは仮想運動と一貫して増減します）が、さ
らに重要なことに、トレーニングの直後に、認知（実行機能の速度）および神経（脳関連領域での活性化の増
加）の利点も評価できます。
同じ効果は健康な高齢者でも測定できますが、より長いトレーニングで測定できます。実際、急性のトレーニン
グでは十分ではないようですが、より長いトレーニングは同じ認知と 神経効果。

研究成果の概要（英文）：The first study on young participants proved that a virtual training 
performed exclusively by the own virtual body (while the real person's body is still) can have 
beneficial effects during and right after the training: during the training, physiological changes 
can be detected (the heart rate increases/decreases coherently with the virtual movements) but more 
importantly, right after the training also cognitive (speed of executive functions) and neural 
(increased activation over brain-related areas) benefits can be assessed. 
The same effects can be measured on healthy elderly but on a longer training: in fact, while an 
acute training does not seem to be enough, a longer training (twice a week for 6 weeks, 20 minutes a
 session) determines the same cognitive and neural effects. 

研究分野： cognitive neuroscience
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研究成果の学術的意義や社会的意義
From a clinical perspective, they can be useful for people (especially the elderly, cardiophatics, 
patients recovering after a long-term disease, etc.) in order to improve cognitive functions (on 
health population) or to recover lost cognitive abilities (on neurological patients).

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

Several recent studies have reported that physical activity can improve cardiovascular and 

metabolic health, but also, surprisingly, cognitive health, showing acute benefits in elderly 

as well as young adults. These results demonstrate how physical exercises can be 

beneficial not only for the body itself but also for psychological components and cognition. 

Unfortunately, in some cases, it is complicated (sometimes even impossible) to perform 

physical activity, such as aerobic or strength training (e.g., aged population, elderly in 

frailty conditions, cardiophatic patients, subjects recovering after a long-term disease, 

sedentary people, etc.). As previously mentioned, this absence of physical training affects 

negatively body reactions as well as cognitive functions at all ages. The scientific challenge 

here is to create those conditions necessary for the above-mentioned cases to safely 

perform a physical activity, in order to enhance (for young people) or to preserve (for 

elderly) cognitive functions, as important as the physical ones.  

For this purpose, innovative technologies and computer-based solutions seem to be very 

promising. One of the most recent technique for cognitive neuroscience is Immersive 

Virtual Reality (IVR): it has been shown that in IVR we can move without actually 

moving: if the subject is completely still, safely sitting on a chair, but the avatar walks, the 

subject’s body reacts exactly as if he’s actually walking (for example, heart rate increases). 

That means we can trick our brain, and so our body, and makes it think he’s actually 

moving, showing the same behavioral and physiological reactions (Kokkinara et al., 2016). 

 

２．研究の目的 

The above mentioned studies, combined together, compose the background of this 

proposal and open up our crucial experimental question: can a “virtual physical training” 

performed in IVR have acute beneficial effects on cognition? If cognitive and neural 

functions can benefit from a high-intensity intermittent physical exercise (HIE) (Kujach 

et al., 2018), and if the physical body can have physiological consequences after the 

embodiment of a virtual body (Kokkinara et al., 2016), we can hypothesize that the same 

training performed with the virtual body (vHIE) (while the real body is still) can have 

measurable consequences on the physical body (heart rate), on cognition (specifically on 

executive functions measured by the Stroop Test) and on neural functions (cortical 

hemodynamic changes recorded by the fNIRS).  

 

３．研究の方法 

Study with young participants 

45 healthy young adults (cross-over design) experienced HIE training in IVR (i.e., the 

virtual body performed eight sets of 30 s of running followed by 30 s of slow walking, 

while the subject is completely still) in two random-ordered conditions (administered in 



 

 

two sessions one week apart): the virtual body is displayed in first-person perspective 

(1PP) or third-person perspective (3PP). During the vHIE, we recorded the heart rate 

and subjective questionnaires to confirm the effectiveness of the illusion; before and after 

vHIE, we measured cortical hemodynamic changes in the participants' left dorsolateral 

prefrontal cortex (lDLPFC) using the fNIRS device during the Stroop task to test our 

main hypothesis. 

 

 
Study with elderly 

Forty-two healthy older subjects (28 females, average age = 71.71 years) completed a 

parallel-group randomized controlled trial (RCT; UMIN000039843, umin.ac.jp) 

including an adapted version of the virtual training previously used: while sitting, 

participants observed the virtual body in a first-person perspective (1PP) or a third-

person perspective (3PP) performing 20 min of virtual high-intensity intermittent 

exercise (vHIE; the avatar switched between fast and slow walking every 2 min). This was 

repeated twice a week for 6 weeks. During the vHIE, we measured the heart rate and 

administered questionnaires to evaluate illusory body ownership and agency. Before the 

beginning of the intervention, immediately after the first session of vHIE, and at the end 

of the entire intervention, we evaluated the cognitive performance at the Stroop task with 

online recording of the hemodynamic activity over the left dorsolateral prefrontal cortex. 



 

 

 

 
４．研究成果 

Study with young participants 

Preliminary, we confirmed that the illusion was effective: during the vHIE in 1PP, 

subjects' heart rate increased coherently with the virtual movements, and they reported 

subjective feelings of ownership and agency. Primarily, subjects were faster in executing 

the Stroop task after the vHIE in 1PP; also, the lDLPFC activity increased coherently. 

Clinically, these results might be exploited to train cognition and body simultaneously. 

Theoretically, we proved that the sense of body ownership and agency can affect other 

parameters, even in the absence of actual movements. 

 
Study with elderly 

While we confirm previous results regarding the virtual illusion and its physiological 

effects, we did not find significant cognitive or neural improvement immediately after the 



 

 

first vHIE session. As a novelty, in the 1PP group only, we detected a significant decrease 

in the response time of the Stroop task in the post-intervention assessment compared to 

its baseline; coherently, we found an increased activation on left dorsolateral prefrontal 

cortex (lDLPFC) after the entire intervention. While the current results strengthen the 

impact of the virtual full-body illusion and its physiological consequences on the elderly 

as well, they might have stronger and more established body representations. Perhaps, a 

longer and increased exposure to those illusions is necessary to initiate the cascade of 

events that culminates to an improved cognitive performance. 
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