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Abstract
 Background: Tetris has recently expanded its place of activity not only to the original entertainment but
also to clinical applications such as prevention of trauma �ashback. However, to our knowledge, no
studies focused on the cortical activation patterns themselves when playing Tetris in a natural form. This
study aimed to investigate the activation patterns in the frontal cortex during naturally-performed Tetris
for 90 seconds in 24 healthy subjects using functional near-infrared spectroscopy robust to artifacts by
motion and electric devices. We also calculated the correlations of behavioral data with cortical
activations, and compared the differences in activations between the high and low performers of Tetris.

Results: The results demonstrated that signi�cant activations in the frontal cortex during Tetris play had
two factors, each showing a similar activation pattern. One of the factors was distributed over the lateral
prefrontal cortex bilaterally, and the other was localized to the right prefrontal cortex. Moreover, in the high
performers, the activations of the areas centered on the right dorsolateral prefrontal cortex (DLPFC) were
estimated to increase and correlations of the activations between those areas and the other areas
decrease compared with the low performers.

Conclusions: It is suggested that high Tetris performers might reduce functional connectivity between
activations of the areas centered on the right DLPFC and the other areas, and increase the local
activations compared with low performers. It would be necessary to consider whether its visuospatial
cognitive loads stimulate the appropriate areas of the subject’s brain to effectively utilize Tetris play for
clinical interventions. 

1. Background
Tetris is a worldwide falling block puzzle computer game that has attracted many people over three
decades. Studies using Tetris have been conducted across various disciplines mainly in the �eld of
behavioral and cognitive sciences (Haier et al. 1992a, b, 2009; De Lisi and Wolford 2002; Holmes et al.
2009, 2010; Rietschel et al. 2012; Belchior et al. 2013; Nouchi et al. 2013; Price et al. 2013; Yoshida et al.
2014; Harmat et al. 2015; Lindstedt and Gray 2015; Skorka-Brown et al. 2015; James et al. 2016; Sibert et
al. 2016; Bikic et al. 2017; Iyadurai et al. 2017; Lau-Zhu et al. 2017; de Sampaio Barros et al. 2018;
Meneghetti et al. 2018; Gold and Ciorciari 2019; Milani et al. 2019). Because visuospatial cognitive loads
of Tetris are thought to compete with build-up of intrusive traumatic memories in the brain, recent studies
have attempted to use Tetris for clinical application, in particular for prevention of traumatic �ashbacks
(Holmes et al. 2009, 2010; James et al. 2016; Iyadurai et al. 2017). Other studies looking at clinical
applications of Tetris have demonstrated that this game may reduce drug cravings through competing
visuospatial loads (Skorka-Brown et al. 2015). Overall, Tetris is expected to be used for cognitive training
due to the cognitive effects associated with the game (e.g. improvement of attention, mental rotation and
visuospatial working memory) (De Lisi and Wolford 2002; Belchior et al. 2013; Nouchi et al. 2013; Bikic et
al. 2017; Milani et al. 2019). Important features of Tetris that make it suitable for clinical application
include the fact that people of different cultures and with different cognitive levels are able to play Tetris
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with minimal instructions, having a high level of motivation and compliance because it is a worldwide
entertainment game which can be conducted on various computer platforms non-verbally (it was certi�ed
in Guinness World Records as “most ported videogame” 1) (Ackerman 2016).

There are few studies investigating brain activity related to Tetris play (Haier et al. 1992a, b, 2009;
Rietschel et al. 2012; Price et al. 2013; Yoshida et al. 2014; Harmat et al. 2015; de Sampaio Barros et al.
2018). Moreover, to our knowledge, canonical referential data of functional neuroimaging in healthy
subjects during playing Tetris in a natural form has not been published yet. This would con�rm Tetris’s
neurocognitive clinical application based on evidence. Therefore, also as a potential preliminary step
towards clinical application of Tetris, this study aimed to detect frontal activation patterns during playing
Tetris using functional near-infrared spectroscopy (fNIRS), which has proven to be a reliable tool to
explore cortical activation during the naturally performed Tetris game (Yoshida et al. 2014; Harmat et al.
2015; de Sampaio Barros et al. 2018).

fNIRS is a non-invasive neuroimaging technique, which requires little restriction compared with other
neuroimaging methods such as positron emission tomography (PET), functional magnetic resonance
imaging (fMRI) and magnetoencephalography (MEG). It shows low sensitivity to artifact by motion and
electric devices. In addition, considering its high portability and low cost, the use of fNIRS is expected to
spread worldwide (for a review see Pinti et al. 2018). In fNIRS, near-infrared light penetrates into tissues
and is differentially absorbed by hemoglobin depending upon the oxygenation state and its optical path
length in the tissues (modi�ed Beer–Lambert Law). This relationship enables fNIRS to detect relative
changes in concentration of oxygenated hemoglobin ([oxy-Hb]) and deoxygenated hemoglobin ([deoxy-
Hb]) by emitting near-infrared light at several different wavelengths into the cortex and detecting its
remnants (Jöbsis 1977; Hoshi 2003; Ferrari et al. 2004). Areas with high neural activity show increased
oxygen consumption followed by supply oxygenated hemoglobin (neurovascular coupling) (Fox and
Raichle 1986; Hoshi et al. 2001). This means that neural activity is measured indirectly by using relative
changes in regional cerebral blood volumes (rCBV).

To our knowledge, there are three English articles using fNIRS during Tetris play (Yoshida et al. 2014;
Harmat et al. 2015; de Sampaio Barros et al. 2018). However, these studies used Tetris to induce
subjective �ow experience without an interest of the underlying neural activation patterns of playing
Tetris per se. Additionally, the extension of the cortex analyzed in those studies was much smaller than
that of our study. The results of these previous studies suggest that the bilateral ventrolateral prefrontal
cortex, the right dorsolateral prefrontal cortex (DLPFC) and the right inferior parietal lobe are signi�cantly
activated by Tetris play itself (de Sampaio Barros et al. 2018; Yoshida et al. 2014).

Using functional neuroimaging techniques, except for fNIRS, Tetris was �rst studied by Haier et al.
(1992a), using PET in eight male healthy high performers trained intensively in Tetris. These subjects
showed decreased metabolism over all brain areas induced by Tetris training. This led authors to
conclude that activity of brain cortical areas was reduced by learning. They also reported that cortical
metabolism after Tetris training could increase in areas needed for high Tetris performance, including the
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right precuneus and left cingulate (Haier et al. 1992b). Using fMRI Haier et al. (2009) demonstrated
signi�cant BOLD-signal increases in precentral gyrus, superior parietal lobule, inferior parietal lobule and
occipital gyrus (after a 3-month training) during playing Tetris in 15 healthy females. In addition, cortical
thickness increased in left superior frontal gyrus and anterior superior temporal gyrus after training Tetris.
Another fMRI study showed signi�cant BOLD-signal increases in the right occipital cortex and the left
DLPFC during Tetris play (Price et al. 2013). However, in these functional neuroimaging studies, Tetris
was performed under restricted experimental conditions. Thus, it is di�cult to consider that cortical
activation patterns were investigated during naturally-performed Tetris. Only an electroencephalography
(EEG) study investigated neural activation and network activity during naturally-performed Tetris. In the
study, the activations were measured on Fz, F3, F4, C3, C4, T3, T4, P3, P4, O1, and O2 of the international
10/20 system for EEG, and the network activities were investigated between Fz and the other
measurement points. Its �ndings showed increasing activations across the cortical areas and elevated
network activities between the motor planning area in the frontal cortex (Fz) and the other cortical areas
(the sensory and executive brain regions) as di�culty of Tetris increases (Rietschel et al. 2012).

Based on the �ndings of previous Tetris studies, we hypothesized that signi�cant activation would be
found in the lateral prefrontal cortex. Furthermore, as an exploratory investigation we attempted to
identify frontal areas required to play Tetris successfully taking into account the relation between
activation and performance.

2. Materials And Methods

2.1. Subjects
Twenty-four right-handed healthy Japanese subjects participated in this study (13 men, 11 women; mean
age ± standard deviation (SD) 27.3 ± 6.8 years). None of them had history of psychiatric or neurological
disorders.

Written informed consent was obtained from all the subjects before the experiments. The procedures and
methods in this study were consistent with the policies described in the Declaration of Helsinki. This
research was approved by the Ethics Committee of Osaka University Graduate School of Medicine.

2.2. fNIRS Measurement
Relative changes in [oxy-Hb] and [deoxy-Hb] were measured by using fNIRS (ETG-4000; Hitachi Medical
Corporation, Tokyo, Japan) during playing Tetris. In this study we used the ETG-4000’s probe mounted
with �fty-two measurement points (channels). Seventeen laser diodes (emitters) and sixteen photodiodes
(detectors) were arranged reciprocally at 3 cm intervals on a piece of thermoplastic shell (3 × 11) covering
most of the frontal and part of the temporal surface areas (Fig. 1). Detection depth at the channels was
2–3 cm under the scalp. The lowest center photodiode was located on Fpz using the international 10/10
system for EEG. The channels set at the most lateral posterior edges corresponded to the T3-Cz-T4 row of
the international 10/20 system or a little anterior to this row. Because the cortical region/channel
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association of this setting had been determined by the virtual registration method of fNIRS with
automated Talairach atlas labels for functional brain mapping 2, which enables probabilistic registration
for standalone fNIRS channel positions onto the Talairach stereotactic coordinates without the subject’s
MRI, we referred to studies using this method and a study on anatomical correlation of EEG sensors in
order to interpret our data (Tsuzuki et al. 2007; Koessler et al. 2009; Tsuzuki and Dan 2014; Yokoyama et
al. 2015; Tomita et al. 2017).

2.3. Tasks
In the present study Tetris was employed as the activation task. Tetris was performed using Nintendo
Game boy pocket (Nintendo, Kyoto, Japan) which is a handheld game console. In this Tetris, on the
monochrome liquid crystal display the player moves and rotates blocks that fall one by one. There are
seven kinds of blocks consisting of four square blocks called Tetrimino. Tetrimino is moved by the
cruciform button under the left thumb and rotated by the two round buttons under the right thumb aiming
to arrange Tetrimino without gaps at the bottom. The lines vanish at the moment when they are made,
and numbers of the vanished lines are recorded as LINE, which represents the behavioral data collected in
this study. In addition, the upcoming Tetrimino is shown in the Preview box of the right side on the
display.

In the baseline task, consisting of a resting state before and after Tetris execution, subjects were
instructed to gaze at the display and tap their right and left thumbs reciprocally on the buttons of the
console at a uniform pace.

2.4. Experimental Procedure
Before the experiment, the subjects played Tetris for several minutes to con�rm they knew how to play the
game. Tetris used in this study can produce the game version from Level 0 to Level 9 in order from the
one with the lowest falling speed of Tetrimino (blocks), and at �rst, we intended to have the subjects play
Level 0 Tetris. However, if the subjects answered “Yes” to the question of whether you are good at Tetris
and the fact was con�rmed during the above pre-experimental play, we applied Level 1 Tetris to the
subjects because we predicted that Level 0 would be too easy to induce the cortical activations
characteristic of Tetris for them (Haier et al. 1992a; de Sampaio Barros et al. 2018). Accordingly, the
subjects were given tasks closer to the individual optimal levels of di�culty, which had been shown to
induce more right prefrontal activation than the easy or hard level during Tetris play (de Sampaio Barros
et al. 2018). In fact, 9 subjects played Tetris at Level 1 and 15 subjects played at Level 0, and as expected,
LINE of those who played at Level 1 was in the top nine.

During the experiment, the subjects sat on a chair in a silent room. The subjects executed the �rst
baseline task (30 sec), Tetris game (90 sec), and the second baseline task (60 sec). Instructions were
given orally. We previously succeeded in detecting activation patterns during cognitive and motor tasks
by using this procedure with the ETG-4000 (Nakahachi et al.2008, 2010, 2015, 2016).

2.5. Data Analysis
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2.5.1. Preparation
Relative changes in [oxy-Hb] and [deoxy-Hb] are de�ned as the product of the concentration of
hemoglobin and optical path length, and are expressed in the unit of mM∙mm. Changes in [oxy-Hb] was
analyzed at temporal resolution of 100 msec using this fNIRS (ETG-4000) because [oxy-Hb] is considered
to be most sensitive to changes in rCBV, and it strongly correlates with the BOLD signal of fMRI, while the
direction of [deoxy-Hb] changes is in�uenced by changes in blood oxygenation and volume of the vein
(Hoshi et al. 2001, 2003; Scarapicchia et al. 2017). The analysis software of ETG-4000 was set at the
“integral mode”. In that con�guration, mean changes in [oxy-Hb] for the baseline states 10 sec before the
start of the activation task and after 50 sec from the �nish of the activation task, were corrected to 0
mM∙mm by using linear �tting. The activation task period was set at 90 sec, and the recovery period from
the �nish of the activation task period up to baseline stabilization was set at 50 sec. The moving average
method for 5 sec was applied to smooth out short-term motion artifacts.

2.5.2. Detection of Activation Patterns
For statistical analyses, �rstly, the authors determined frontal activation patterns during Tetris play. Mean
changes in [oxy-Hb] during Tetris play were calculated for each subject in each channel, followed by a
two-tailed single-sample t-test, which is equal to a paired t-test against zero (mean changes in [oxy-Hb]
during baseline periods) to detect signi�cant activations. The two-tailed single-sample t-test was
conducted on all �fty-two channels; the signi�cant α levels of 0.05 were corrected by the false discovery
rate (FDR) (Benjamini and Hochberg 1995) to control multiple comparisons, which could be applied to
fNIRS (Singh and Dan 2006). Next, we expected that components of the Tetris-induced activations could
be classi�ed by the functions, and this might give suggestion of the cortical areas to successfully
perform Tetris, so that the following analysis was carried out. In order to extract channel groups showing
similar patterns of changes in [oxy-Hb] from the signi�cantly activated channels by the above single-
sample t-test, factor analysis using major factor method with direct oblimin rotation was performed for
mean changes in [oxy-Hb] during Tetris play of each subject in those channels. In each channel, the
extracted factor, which indicated the absolute value of factor loading over 0.4 and higher than the other
factors, was selected as the represented factor of the channel. Also, mean changes in [oxy-Hb] of each
subject during Tetris play were averaged among the channels belonging to each extracted factor, and
compared using paired Student’s t-test.

2.5.3. Detection of Activations for High Performance
Pearson’s correlation coe�cients between LINE and the mean values of [oxy-Hb] changes in all subjects
were calculated for each channel. Next, the twenty-four subjects were trisected into high, middle and low
performer groups of 8 members based on their LINE values. One-way ANOVA using Tukey correction for
multiple comparisons was performed with mean changes in [oxy-Hb] during Tetris play for each subject
in each channel. In addition, to investigate differences in LINE in detail, independent Student’s t-test was
carried out to compare mean changes in [oxy-Hb] during Tetris play between the high and the low
performer groups (8 members respectively) in each channel. Moreover, based on the �ndings of Rietschel
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et al. (2012), that the cortical network activity, i.e. functional connectivity measured by EEG increases as
the di�culty of Tetris increases, we predicted that functional connectivity would be reduced in the high
performer group compared with the low performer group, particularly in cortical areas required for playing
Tetris successfully. Thus, the following analyses were carried out. After mean changes in [oxy-Hb] during
Tetris play were determined for each subject, Pearson’s correlation coe�cients were calculated between
each channel and the other 51 channels, and paired Student’s t-test was performed on the 52 mean
values of the Pearson’s correlation coe�cients over 51 channels, between both the low and high
performer groups. Furthermore, for each channel, the 51 Pearson’s correlation coe�cients were compared
using paired Student’s t-test between the two groups.

In the above analyses, when controlling multiple comparisons, the signi�cant α levels of 0.05 were
corrected by FDR.

2.5.4. Estimation of Activations for High Performance
If the correction for multiple comparison using FDR in the previous section is too strict to detect
signi�cant channels, in order to estimate the frontal areas for successfully performing Tetris, we
subsequently decided outlier channels on the basis of the statistic values larger than the mean + 2 SD.

3. Results

3.1. Activation Patterns
The grand average waveforms of changes in [oxy-Hb] across all the subjects were obtained for each
channel (Fig. 1). Fourteen channels (26.9%) demonstrated signi�cant increases in [oxy-Hb] on a single-
sample t-test with FDR correction (p = 0.0004 to 0.0120), and the largest t value was shown in channel 24
(t = 4.137) (Fig. 1, Appendix Table 1). Factor analysis using major factor method with direct oblimin
rotation was performed on mean changes in [oxy-Hb] during Tetris play of these signi�cantly activated 14
channels, and two factors were extracted. While the channels with large factor loading of factor 1 were
distributed on both sides of the prefrontal cortex, the channels with large factor loading of factor 2 were
con�ned to the right side of the prefrontal cortex (Fig. 1). Additionally, there were no signi�cant
differences (t = 0.003, p = 0.998) among averages of mean changes in [oxy-Hb] during Tetris play in those
channels belonging to each of the factor 1 and factor 2 (the average ± SD: 0.181 ± 0.229, 0.181 ± 0.247,
respectively).

3.2. Differences in Activations between High and Low
Performers

3.2.1. Correlation between Activations and LINE
Pearson’s correlation analyses between LINE and mean changes in [oxy-Hb] during Tetris play for each
channel were carried out, and no signi�cant channels were found after FDR correction.
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3.2.2. Comparison of Activations between Groups due to
the Difference in LINE
Based on LINE values (the mean ± SD: 8 ± 4), 24 subjects were divided into three groups of 8 subjects
each, named high (13 ± 1), middle (7 ± 2) and low (3 ± 2) performer. One-way ANOVA for each channel
found no signi�cant channels after FDR correction. Independent Student’s t-test of mean changes in [oxy-
Hb] during Tetris play for each channel between the high and low performer groups also showed no
signi�cant channels after FDR correction.

3.2.3. Comparison between High and Low Performers on Correlation Coe�cients of Activations among
Channels

The averages of the mean values of Pearson’s correlation coe�cients between each channel and the
other 51 channels were 0.385 ± 0.161 for the high performer group and 0.554 ± 0.108 for the low
performer group. Comparing with a paired Student’s t-test, it was found that the correlation between
channels was signi�cantly larger in the low performer group relative to in the high performer group (t = 
5.722, p < 0.001). For each channel, Paired Student’s t-test for these Pearson’s correlation coe�cients
between the two groups showed signi�cant differences in twenty-nine channels after FDR correction (p = 
1.981E-18 to 0.021) (Fig. 2).

3.3. Estimation of Differences in Activations between High
and Low Performers
On the similar items described in Sect. 3.2., the frontal areas for successfully performing Tetris were
estimated using the channels indicating the statistical values larger than the mean + 2 SD as outlier
channels. Pearson’s correlation analyses between LINE and Activation during Tetris play showed no
outlier channels. For reference, the channel with the largest correlation coe�cient was channel 24 (r = 
0.294, p = 0.163), and the channels belonging to factor 2 in the above factor analysis showed r > 0.20
while those belonging to factor 1 showed | r | < 0.135 (Fig. 3, Appendix Table 2). One-way ANOVA among
the three groups found channel 24 as the only outlier channel (F > the mean + 2 SD = 2.221) (Fig. 3,
Appendix Table 2). Multiple comparisons performed on channel 24 by Tukey's method revealed that the
activation of the high performer group was signi�cantly larger than that of the low performer group (p = 
0.0499). Independent Student’s t-test between the high and low performer groups detected channels 12,
23, 24, 33 as outlier channels (t > 2.313) (Fig. 3, Appendix Table 2). In comparison between the high and
low performer groups on the correlation coe�cients of activations among channels, Paired Student’s t-
test for each channel showed channel 12 and 24 as outlier channels (t > 12.023) (Fig. 3, Appendix
Table 2).

4. Discussion
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4.1. Summary of Results
In this study, we used fNIRS to determine frontal activation patterns in healthy subjects while playing
Tetris. We found bilateral signi�cant activations in 14 (26.9%) of the 52 channels investigated in both
hemispheres (Fig. 1, Appendix Table 1). Consistent with our hypothesis and with �ndings from previous
fNIRS studies during Tetris play, signi�cant activations in this study were detected in the lateral prefrontal
cortex. (Yoshida et al. 2014; de Sampaio Barros et al. 2018). Furthermore, factor analysis to extract
channel groups showing similar activation patterns allowed us to extract two factors from these
signi�cantly activated 14 channels. Those channels with a large factor loading for the factor 2 were
con�ned to the right-sided lateral prefrontal cortex (Fig. 1). Subsequently, exploratory analyses were
carried out assuming the frontal cortical areas necessary for successfully performing Tetris, and
channels with such a possibility appeared to overlap with those showing a large factor loading of factor
2 derived from the aforementioned factor analysis.

4.2. Identi�cation of the Right DLPFC
Among the frontal cortical areas necessary for successfully performing Tetris assumed in this study, the
channel 24 was the only channel coincidently estimated by all the exploratory analyses, and the other
estimated channels were radially distributed rearward around channel 24 (Fig. 3, Appendix Table 2). The
cortical region/channel association of the channel 24 showed 100% agreement with Brodmann area (BA)
46 in the right dorsolateral prefrontal cortex by the virtual registration methods of fNIRS with automated
Talairach atlas labels 2 (the channels showing 100% agreement are rare except for BA 10). By using
fNIRS, de Sampaio Barros et al. (2018) reported that in subjects showing a large �ow-state during Tetris
play, activation of the right DLPFC and the right inferior parietal lobe were high when the measurement
focused on the two areas involved in the frontoparietal attentional network. This supports our �nding that
the subjects in the high performer group, many of who are thought to achieve a large �ow-state during
Tetris play, exhibited an increase in activation of the right DLPFC while playing the game. Based on these
arguments, we consider that at least the right DLPFC (BA 46) might be a crucial frontal cortex area for
successfully performing Tetris.

4.3. Function of the Right DLPFC during Tetris play
In previous studies, attention, mental rotation, working memory, planning and decision making during
speeded manipulations for visuospatial tasks were mentioned as the main cognitive functions required
for smooth performance of Tetris game (De Lisi and Wolford 2002; Haier et al. 2009; Holmes et al. 2009;
Miller et al. 2011; Belchior et al. 2013; Nouchi et al. 2013; Harmat et al. 2015; Lindstedt and Gray 2015;
Skorka-Brown et al. 2015; Sibert et al. 2016; Bikic et al. 2017; Lau-Zhu et al. 2017; de Sampaio Barros et
al. 2018; Meneghetti et al. 2018; Gold and Ciorciari 2019; Milani et al. 2019). There are studies suggesting
that goal-directed smooth manipulations or executive control of these cognitive functions on visuospatial
activity are closely related to the activation of the area centered on the right DLPFC (Smith and Jonides
1999; Semrud-Clikeman et al. 2012; Srovnalova et al. 2012; Funahashi and Andreau 2013; Giglia et al.
2014; Heinze et al. 2014; Wu et al. 2014; Colombo et al. 2016; Tomasino and Gremese 2016; Carter et al.
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2017; Suzuki et al. 2018). These studies support the fact that the right DLPFC was estimated as the most
important in the frontal cortex for successfully performing Tetris in our study.

4.4. Functional Connectivity
It is noteworthy that in this study by using a method to infer the frontal cortex areas necessary for
successfully performing Tetris based on the EEG evidence that cortical network activity increases as the
di�culty level of Tetris increases (Rietschel et al. 2012), we quantitatively compared functional
connectivity between the high performer group and the low performer group. An interesting �nding
obtained was that functional connectivity declines in the high performer group, mainly in the channels
involved in successful performance of Tetris. This phenomenon is likely related to the neural e�ciency
hypothesis, indicating that high performers exclude ine�cient cortical functional connectivity, using the
brain more e�ciently than low performers (Haier et al. 1992a, b; Rypma et al. 2006; Neubauer and Fink
2009; Lipp et al. 2012; Rietschel et al. 2012).

4.5. Clinical Implication
As mentioned above (in the Introduction), so far clinical applications of Tetris have been carried out
based exclusively on the psychological assumption that playing Tetris could stimulate the processing
pathway of visuospatial cognitive loads (Holmes et al. 2009, 2010; Skorka-Brown et al. 2015; James et al.
2016; Iyadurai et al. 2017). In the present study, it is suggested that the aforementioned psychological
assumptions are actually likely to be correct by the method of functional neuroimaging. Especially in the
high performers, our �ndings may represent neurobiological evidence to boost the use of Tetris for
clinical applications, including preventive interventions against traumatic �ashbacks and drug cravings.

4.6. Limitations
This study has several limitations. First, 24 subjects were used to analyze the activation patterns of the
frontal cortex during Tetris play. However, in the exploratory analyses to detect the frontal cortical areas
for successfully playing Tetris, statistical power was not high since the subjects were divided into three
equal parts based on their behavioral data. Thus, the small number of subjects may have been the cause
of extinguishing statistical signi�cances in these exploratory analyses, so that distinctive activations for
high performers could only be estimated without correction for multiple comparison. Nevertheless,
because the results of the exploratory analyses represent an important part of the main �ndings, we
consider this study as preliminary. Thus, further studies using large sample size are needed to con�rm the
present �ndings. Second, [oxy-Hb] changes are expressed as relative values compared with baseline
state, and it is assumed that optical path length would be constant across subjects and measurement
points. Therefore, evaluations using this type of fNIRS (continuous wave-based) device that cannot
measure the absolute values should be regarded as estimates (Pinti et al. 2018). Third, we investigated
only the frontal lobe in the present study. The previous studies using Tetris have also suggested the
involvement of the parietal and occipital lobes (Haier et al., 1992a, b; Haier et al., 2009; de Sampaio
Barros et al., 2018; Gold and Ciorciari 2019). In the studies to compare high performers with low
performers of cognitive tasks as this study, differences in activations across the brain lobe level may be
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found due to differences in strategies. Therefore, it would be worth investigating across wide brain areas.
Fourth, recent evidence indicates that signals of fNIRS may involve components from blood �ow of the
scalp (Takahashi et al. 2011; Kirilina et al. 2012). However, because strong correlations between fNIRS
and fMRI signals have been reported (for a review see Scarapicchia et al. 2017), the activation seen in
this study is thought to include considerable signals from neurons. Future development of techniques on
fNIRS that can separate systemic signals from brain activity components is awaited.

5. Conclusion
The activations of the frontal cortex during naturally-performed Tetris were distributed over the lateral
prefrontal cortex in both hemispheres. The activations included two factors, which were the activations
estimated to associate with the Tetris performance only in the right hemisphere and performance-
independent activations in both hemispheres. Furthermore, our �ndings suggest that high Tetris
performers while producing increased activations of the areas centered on the right DLPFC (BA 46) may
disengage those from unnecessary functional connections with other cortical areas to use the brain more
e�ciently, compared with low performers. Thus, since the cortical activation patterns during Tetris play
seem to be considerably different depending on the subject’s performance, in order to effectively utilize
Tetris play for clinical interventions, it would be necessary to consider whether its visuospatial cognitive
loads stimulate the appropriate areas of the subject’s brain (e.g. competing with visuospatial trauma
memory). This might help explore better interventions and avoid wasting time applying ineffective
interventions. Future studies may con�rm and extend the �ndings of this study by using larger samples
or by exploring brain activity during Tetris play in wider brain areas.
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Figure 1

Grand average waveforms of changes in [oxy-Hb] (red) and [deoxy-Hb] (blue) during Tetris play for all
channels, and arrangement of measurement points (channels) and optical diodes. In the upper diagram,
the x-axis denotes time from 0 to 160 sec and the y-axis denotes activation between -0.6 and 0.6
mM∙mm. The task period is shown by two vertical dashed lines at 10 and 100 sec. Picture on the bottom
right shows the actual attached probe (written informed consent was obtained from the individual for the
publication of this image). Schematic diagram on the bottom left presents the channels 1–52 as white
squares among emitters (laser diodes, red circles) and detectors (photodiodes, blue circles) with the
locations of Fpz, and T3, T4 (approximate) using the international 10/10 system for EEG. *1,*2, channel
with signi�cant activation and the number indicates the factor derived by a factor analysis (major factor
method); CH, channel
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Figure 2

Averages of Pearson’s correlation coe�cients (r) between each channel and the other 51 channels for
mean changes in [oxy-Hb] during Tetris play of each subject in the high and low performer groups. Bar
graphs are arranged in ascending order for r of the high performer group. *, Twenty-nine signi�cant
channels after paired Student’s t-test on the Pearson’s correlation coe�cients of mean changes in [oxy-
Hb] among each channel and the other 51 channels between the two groups; CH, channel

Figure 3
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The high (thick line) and low (thin line) performer groups’ grand average waveforms of changes in [oxy-
Hb] (red) and [deoxy-Hb] (blue) during Tetris play for all channels. For each channel, the x-axis denotes
time from 0 to 160 sec and the y-axis denotes activation between -0.6 and 0.6 mM∙mm. The task period
is shown by two vertical dashed lines at 10 and 100 sec. In each channel, A, one channel that shows the F
value > the mean + 2 SD derived by one-way ANOVA on the high, low and middle performer groups’ mean
changes in [oxy-Hb] during Tetris play; B, four channels that show the t values > the mean + 2 SD derived
by independent Student’s t-tests on the high and the low performer groups’ mean changes in [oxy-Hb]
during Tetris play; C, two channels that show the paired Student’s t values > the mean + 2 SD, of when the
Pearson’s correlation coe�cients between each channel and the other 51 channels for mean changes in
[oxy-Hb] during Tetris play of each subject in the low performer group are compared with those in the high
performer group. In each channel, Pearson’s correlation coe�cient (r) between the 24 participants’ mean
changes in [oxy-Hb] and LINE values during Tetris play is color coded. *1,*2, same as in Figure1; CH,
channel
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