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Abstract

The purpose of this study was to compare the hemodynamic changes that occur during Mahjong game play in
virtual and real-life settings. Fourteen healthy right-handed men (average age +* standard deviation; 36.7 + 14.9
years) played: 1) a Mahjong solitaire game on a video console against virtual rivals; 2) a Mahjong game against
human opponents without conversation; and 3) a Mahjong game against human opponents with conversation. We
measured oxygenated hemoglobin concentration at 44 locations over both hemispheres during Mahjong game play
in each setting using near-infrared spectroscopy. The increase in oxygenated hemoglobin concentration at several
locations, including Broca’s area, the somatosensory cortex, the somatosensory association cortex, the
supramarginal gyrus part of Wernicke’s area, the primary and auditory association cortex, the angular gyrus part of
Wernicke’s area, and the associative visual cortex was greater during game play in the real-life settings than during
game play in the video game setting. There were no significant differences during game play in real-life settings
without and with conversation. Each cortical area correlated with broad or specific areas. The common correlation
areas were found at Angular gyrus part of Wernicke’s area of left hemisphere during real-life settings without and
with conversation, but not during game play in a video game setting. These results suggest that the brain responds
differently to game play in real world and virtual world settings, and indicate that comparison of games played in the
virtual world and the real world may be an effective model to enhance understanding of the effects of video game on
the brain.

L J

monitored through oxygenated hemoglobin (oxy-Hb), deoxygenated
hemoglobin  (deoxy-Hb), and total hemoglobin (total-Hb)
concentrations. The basic principle of NIRS lies in the different
wavelength of near infrared light being translated to changes in oxy-
Hb and deoxy-Hb concentration. NIRS is noninvasive, and can be
conducted in a natural setting, with the subject in a sitting position,

Keywords: Near-infrared spectroscopy; Videogames; Oxygenated
hemoglobin concentration; Angular gyrus; Supramarginal gyrus

Introduction

Several studies have used game-playing tasks to study cerebral

functions and, recently, there has been much interest on the effects of
playing video games on brain activity. At present, the effects of playing
video games on the brain activity are not clearly understood. Although
many adverse effects of playing video games have been reported [1,2],
videogames may also have beneficial effects on the brain such as
mental treatment, visual training [3,4]. There are various types of
video games, and it may be expected that they have different effects on
brain activity. In addition, their effect on the brain may differ
according to the age of the participant [5]. Little is known about
whether the brain responds differently to a video game as it does to a
live version of the same game. However, this comparison of the games
played in the virtual world and in the real world may be an effective
model to enhance understanding of the effects of video game on brain
activity. Near-infrared spectroscopy (NIRS) is a functional brain
imaging technique in which cerebral blood volume changes are

with eyes open and speaking. As such, NIRS is well suited to functional
neuroimaging studies. Brain activity involves regional changes in
blood flow and oxygenation, and can be inferred from NIRS data
based on the assumption that an increase in blood flow results in an
increase in local oxygenation. Studies using NIRS have shown
increased oxy-Hb in the forebrain during cognitive activation [6-10].

NIRS therefore allows the measurement of distinct regional cerebral
responses and typical hemodynamic responses during functional tasks
[5,11,12].

The sensorimotor areas, particularly the motor areas, that are
activated when an infant performs an action in real are activated too,
on the other hand, an action observation in virtual such as video
seeing, are not activated [13]. This suggests that the infants’ brain
responds another way whether real or virtual. However, this does not
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appear to be the case in adults. There is evidence that brain activity
during video game playing is different in adults and children. During
video game playing that involved frequent tapping, bilateral prefrontal
total-Hb concentration increased in adults but decreased in children
[14], and the hemodynamic changes between the prefrontal and the
bilateral motor cortex were correlated in adults but were not children
[15]. In addition, it has been reported that there is a sustained decrease
in oxy-Hb concentration in the dorsal prefrontal cortex during video
game playing in children. However, playing video games that involve
frequent tapping increases not only blood pressure, but heart rate and
oxy-Hb concentration, and increases blood flow in the motor cortex
area. It has been also reported that the attention to visual stimuli is
negatively associated with the Hb signal in the dorsal prefrontal cortex
[16].

Mahjong is a Chinese game that is similar to a card game. Four
players sit around a table and play using tiles that are carved with
Chinese marks on one side. Mahjong provides a suitable paradigm for
studying the differences in cerebral activation patterns in different
game playing situations. Thus, we hypothesized that the first task;
Mahjong video game is needless frequent tapping, would lead to the
cerebral response of video game excluding (without) the reflection of
tapping action. Second and third task; playing Mahjong game with
four people face to face without and with conversation, respectively
would show the cerebral response of the game itself and the influences
of conversation. Virtual environments have become common in our
society, so the difference with real life may not be clear. However,
there are few studies that pay attention to the quantity of brain blood
flow of a virtual act during real action. Therefore this study pays
attention to the oxy-Hb of the brain and clarifies the difference
between a real mahjong and a virtual video game.

The purpose of the present study was to examine the hemodynamic
changes that occur when playing Mahjong in different settings. These
results will enable us to compare brain responses that occur in the real
and the virtual world, and will thus enhance our understanding of the
effects of video games on the brain.

Methods

Subjects

Fourteen healthy right-handed men (average age + SE; 36.7 + 14.9
years, range 20- 67 years) who had no patient's history were recruited
as volunteer subjects. All subjects were familiar with both the
traditional Mahjong game and the video Mahjong game. Prior to
participating in the experiment, all subjects gave their written
informed consent. This study was approved by the Ethics Committee
of School of Medicine, Shinshu University, Japan.

Study protocol

Each subject played the Mahjong game in three settings: (1) solitaire
video game (Tasuke SPIRITS II, Nintendo DS, Nintendo, Kyoto,
Japan) play against the three virtual opponents on a computer screen
(VG); (2) real-life play against three opponents around a table without
conversation (TGN); and (3) real-life play against three opponents
players around a table with conversation (TGC). The order of playing
was randomized, and the counterbalanced among the subjects on the
same day. In each setting, the game was played for 16 min, consisting

of four rest periods and three play periods in the following sequence:
10 s rest, 300 s play, 20 s rest, 300 s play, 20 s rest, 300 s play, 10 s rest.
To avoid the confounding effect of head tilt, subjects were instructed
to look straight ahead at a wall without looking up or down during rest
periods.

NIRS acquisition

NIRS was performed throughout Mahjong game play and rest
periods using a multi-channel near-infrared spectroscope
(OMM-3000, Shimadzu, Kyoto, Japan). Subjects wore a head cap that
covered the whole head (Figure 1). The head cap contained 15 optodes
(corresponding to 22 channels) over both hemisphere, by the
international 10/20 system. Left hemisphere has 8 emitter optodes (as
red points) and has 7 detector optodes (as white points), right also has
the optodes as the same way, symmetrically. Optodes areset at
intervals of 3 cm on the head cap which shown in Figl. The each
channel’s rate of sampling is about 8Hz.

Oxy-Hb concentration was observed as the indicate of
hemodynamic change which investigated to be sensitive [17,18]. This
change is researched by three wavelength of near-infrared equipment
which called NIRS. As Takeuchi reported [19], and equipment
manufacturer announced that the NIRS’s irradiation power was less
ImW. The hemodynamic change from control base- line were
estimated based on a modified Lambert-Beer law [20]. The depth of
light stream to inside the inner head of the brain from the scalp about
1.5+0.5 cm [21].

NIRS analysis

The average changes in the Hb concentration in each channel were
calculated for the pre-task baseline (=the first rest) of 10s and task
segments of 3 times 300s for each subject’s 3 types of tasks as T-score
by Student’ s t-test. The data were analyzed by analysis of variance
(ANOVA). After ANOVA, Bonferroni/Dunn test were done as post
hoc test. Correction for the false discovery rate (FDR) was performed,
since this in commonly done in NIRS data analysis.

The NIRS data analyzed with a least-squares estimation by a general
linear model [22,23]. Takamoto reported [24] that the time course of
oxy-Hb in each game setting was correlated boxcar function’s design
matrix. Gaussian kernel convoluted the equation, data and the matrix
[25]. The periods of game play were contrasted against the rest periods
for each game setting (VG, TGN and TGC) using a one-tailed t test.
oxy-Hb in each channel during rest and game play periods in each trial
was calculated using a one-tailed #test.

Statistical analysis

The resulting ¢ values were compared across game setting (VG,
TGN, TGC) using a one-way analysis of variance. Post hoc tests
(pairwise comparisons) were made using Bonferroni correction. The
correlation among NIRS channels with significant activation for all
three tasks was evaluated by Pearson’s correlation coefficients. To
examine the differences in inter-channel correlations among the three
game settings, we classified channels that had common correlations
(with P<0.01) into one of four categories: (1) in all three game settings;
(2) in VG and TGN; (3) in VG and TGC; and (4) in TGN and TGC.
Criterion for significance was set at P<0.05 for all tests.
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over the right hemisphere (B).

Figure 1: Location of near-infrared spectroscopy probes on the scalp. Near-infrared spectroscopy data were obtained using a 44-channel
spectrometer. Subjects wore a head cap such that channels 1-22 were placed over the left hemisphere (A) and channels. 23-44 were placed

Results

In each of the 14 subjects, we measured oxy hemodynamics in the
cerebral cortex by NIRS during the three types of tasks (VG, TGN,
TGC). Measurement points were 22 channels in the left hemisphere
and 22 channels in the right hemisphere (total; 44). t-Values calculated
by measurement data showed that oxy-Hb of 13 of the subjects
decreased more during VG than during TG.
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Figure 2: Average of t -value of oxygenated hemoglobin
concentration under the three tasks. The task playing mahjong by
video game (VG), the task playing traditional mahjong game
without conversation (TGN), the task playing traditional mahjong
game with conversation (TGC).

Figure 2 shows that the average t-values overall for each type of task
were: VG; -1.03, TGN; 2.99 and TGC; 2.67, and ANOVA showed

significant differences (p<0.001). VG was significant lower than during
TGN (p<0.01) or TGC (p<0.01).

oxy-Hb in each channel during each game setting is shown in Table
1. There was a main effect of game setting for Aoxy-Hb in channels 6
(P<0.05), 14 (P<0.05), 16 (P<0.001), 18 (P<0.01), 19 (P<0.001), 21
(P<0.01), and 22 (P<0.05) in the left hemisphere, and channels 36
(P<0.05), 38 (P<0.05), 39 (P<0.001), 41 (P<0.001), 42 (P<0.01), 43
(P<0.05), and 44 (P<0.001) in the right hemisphere (Table 1) (Figure
3).

Figure 3: Schematic indicating the channels in which there was a
main effect of setting on the change in oxy-Hb concentration
during Mahjong game. (A) Left hemisphere. (B) Right hemisphere.

The areas of distinctions among the 3 tasks as the results of one-way
ANOVA. Broca’s area (ch6), Somatosensory Cortex (chl4, 36),
Somatosensory association cortex (ch38), Supramarginal gyrus part of
Wernicke’s area (ch16, 39), Primary and Auditory Association Cortex
(ch18, 42), Angular gyrus part of Wernicke’s area (ch19, 21, 41, 44),
Associative visual cortex (ch22, 43), respectively.
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These channels were located over Broca’s area (channel 6), the
somatosensory cortex (channels 14 and 36), the somatosensory
association cortex (channel 38), the supramarginal gyrus part of
Wernicke’s area (channels 16 and 39), the primary and auditory
association cortex (channels 18 and 42), the angular gyrus part of
Wernicke’s area (channels 19, 21, 41 and 44), and the associative visual
cortex (channels 22 and 43). Post hoc tests revealed that oxy-Hb
during VG was lower than during TGN or TGC (Table 1). There were
no significant differences between oxy-Hb during TGN and TGC in
any channel.

The classification of channels with common correlations is shown
in Table 2. Broca’s area (channel 6, BA44, 45, 46) was correlated with
channels 3, 9, and 29 in all game settings. Among the association

channels, ch6 and 29 were the same area in both hemisphere. The
association of both hemispheres was observed in the somatosensory
cortex (channels 14 and 36, BAIL, 2 and 3), the somatosensory
association cortex (channel 38, BA7), and the supramarginal gyrus
part of Wernicke’s area (channels 16 and 39, BA40) in VG and TGN
tasks, and in the associative visual cortex (channels 22 and 43) in TGN
and TGC tasks.

The primary and auditory association cortex (channels 18 and 42,
BA41 and 42) was correlated with in VG and TGN tasks. In the
angular gyrus part of Wernicke’s area (channels 19, 21, 41 and 44,
BA39), the common correlations in the TGN and TGC tasks were in
the left hemisphere (channels 19 and 21), but not in the right
hemisphere (channels 41 and 44).

Changes in oxy-Hb concentration during 3 tasks; VG, TGN and TGC
VG TGN TGC ANOVA post hoc test

Channel Mean * SE Mean * SE Mean * SE P value VG vs. TGN VG vs. TGC
Left ch1 8.59 + 3.98 5.13 + 1.5 5.76 + 1.6 0.614

ch2 -2.48 + 3.2 2.99 + 1.6 0.8 + 2.2 0.292

ch3 1.13 + 3.33 4.87 + 1.5 5.76 + 1.6 0.329

ch4 4 + 3.16 5.05 + 1.4 3.76 + 2.3 0.92

ch5 2.2 + 3.61 0.76 + 1.4 -0.55 + 1.7 0.729

ch6 -2.68 + 212 3.39 + 1.9 4.03 + 1.7 0.030 * T

ch7 3.1 + 3.15 4.07 + 1.6 1.61 + 1.7 0.742

ch8 3.26 + 3.38 43 + 1.7 2.69 + 1.6 0.888

ch9 0.69 + 2.3 5.46 + 1.8 6.72 + 2.1 0.106

ch10 3 + 3.19 2.85 + 1.6 1.13 + 1.5 0.806

ch11 -0.63 + 3.28 4.93 + 1.6 1.89 + 1.2 0.217

ch12 1.61 +  2.66 5.54 + 1.9 4.08 + 1.5 0.405

ch13 0.6 + 3.04 49 + 1.5 2.67 + 1.3 0.361

ch14 -1.25 + 248 6.27 + 1.8 6.86 + 1.9 0.014 * 1 T

ch15 2.99 + 3.68 4.97 + 1 1.65 + 1.5 0.614

ch16 -5.8 + 2 4.49 + 1.9 5.55 + 1.5 0.000 ** 1t 1t

ch17 -1.68 + 427 4.88 + 1.6 4.97 + 1.5 0.165

ch18 -3.8 + 1.96 3.54 + 1.9 5.51 + 1 0.001 ** 1t 1t

ch19 -9.99 + 1.95 217 + 241 4.38 + 1.3 0.000 ** 1t 1t

ch20 -0.6 + 3.23 1.89 + 1.8 1.48 + 1.5 0.719

ch21 -6.67 + 22 1.81 + 22 4.17 + 1.5 0.001 ** 1 1t

ch22 -7.23 + 285 -0.3 + 241 1.28 + 1.2 0.020 * T
Right ch23 -1.47 + 3.12 1.32 + 1.4 -2.55 + 1.5 0.426

ch24 4.41 + 234 4.04 + 1.5 0.72 + 1.6 0.308

ch25 -2.2 + 3.1 0.09 + 1.2 -2.67 + 1.3 0.62

ch26 -1.53 + 251 2.69 + 1.4 -0.86 + 1.36 0.23
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ch27 4.95 + 3.37 3.12 + 1.8 4.61
ch28 -0.11 + 1.74 3.41 + 1.2 2.31
ch29 0.03 + 24 4.05 + 2 4.41
ch30 273 + 263 2.58 + 1.5 0.85
ch31 -0.56 + 226 2.93 + 1.9 2.88
ch32 1.99 + 255 3.16 + 1.9 3.32
ch33 0.6 + 235 4 + 1.8 2.36
ch34 -0.42 + 237 3.01 + 1.8 3.28
ch35 2.9 + 3.24 4.86 + 1.5 0.7
ch36 -1.4 + 1.82 3.76 + 1.5 4.87
ch37 0.19 + 244 2.29 + 1.7 3.06
ch38 -3.44 + 226 2.78 + 1 1.24
ch39 -5.57 + 1.66 2.41 + 1.7 3.56
ch40 -3.14 + 3.6 -0.87 + 1.1 1.37
ch41 -8.61 + 1.98 1.04 + 1.7 4
ch42 -6.43 + 1.61 1.13 + 1.9 2.15
ch43 -7.56 + 3.26 -2.97 + 1.7 0.51
ch44 -9.26 + 1.79 -1.27 + 1.5 1.32

Page 5 of 8
+ 1.2 0.84
+ 1.22 0.208
+ 1.8 0.262
+ 1 0.724
+ 1.1 0.31
+ 1.2 0.873
+ 1.1 0.422
+ 1.1 0.29
+ 1.8 0.45
+ 1.1 0.012* i
- 1.5 0.555
+ 1.5 0.031* T
+ 1 0.000 ** T it
+ 1.2 0.383
+ 1.1 0.000 ** T it
+ 1.1 0.001 ** T it
+ 1.1 0.045* i
+ 1.2 0.000 ** T it

Table 1: The change in oxy-Hb concentration during Mahjong
game play in a video game setting (VG), and a real-life setting without
conversation (TGN) and with conversation (TGC). Data indicate
mean + SE. P values indicate the main effect of game play setting.
TP<0.05 and TTP<0.01 for post hoc test of VG vs. TGN. ¥P<0.05 and
#P<0.01 for post hoc test of VG vs. TGC. There were no significant
post hoc differences between TGN and TGC.

Discussion

The major finding of this study was that the increase in oxy-Hb in
Broca’s area, the somatosensory cortex, the somatosensory association
cortex, the supramarginal gyrus part of Wernicke’s area, the primary
and auditory association cortex, the angular gyrus part of Wernicke’s
area, and the associative visual cortex was lower during Mahjong game
play in a video game setting than during Mahjong game play in a real-
life setting. These results suggest that the video game setting is related
to lower activation of the cortical areas associated with language,
somatosensory, and visual processing and lower activation of a
bilateral network of regions in the temporal and parietal lobes, than
real-life game play settings. According to the Broadman map, it has
well known that Broca’s area is the area for the cognitive control of
memory, and dissociable controlled retrieval and generalized selection,
that Somatosensory area is the receiving area of touch, that
Somatosensory association cortex is the receiving area of lower limb
movement, that Supramarginal gyrus part of Wernicke’s area is the
control area of language and cognition, that Angular gyrus, part of
Wernicke’s area is memory and space cognition, that Auditory area is
the control area of sound, and that Visual area is the auditory area.
Taken together, real setting (e.g. TGN and TGC) was used visual,
auditory, and touch information more than videogame setting (VG),

suggesting that cognition of sense such as visual, auditory, and touch
was controlled in real-life setting more than video game setting. The
real-life setting probably needs to exchange the interactive information
from visual, auditory, and touch sense, compared to the video game
setting. Since the real-life setting need to prospect the partners’ action,
recognize self situation, and control self action, the video game setting
seems to lack of these process.

The results of the present study allow us to compare the cortical
responses between the virtual and the live world [13]. Cortical activity
was similar during Mahjong game play in a real-life setting with and
without conversation. This is contrast to a previous study that
reported that realistic face-to-face conversation was accompanied by
robust activation, represented by increases in oxy-Hb concentration,
of the frontal and superior temporal regions [26]. Our results did show
that oxy-Hb concentration during game play with conversation tended
to be higher than during game play without conversation, however,
this was not significant on post hoc tests. Probably even if there is not
a conversation, the meeting with others influences it, and the activity
of the Broca's area is the same as with conversation.

To examine the distinction of reflex relations among the three tasks,
we performed the correlation analysis. In case that the results of
positive correlations in VG interpreted the association of lower levels
in oxy-Hb concentration, because the oxy-Hb concentration during
VG was decreased in those channels. In contrast, positive correlation
of TGN and TGC indicated the increased activation. Even so, common
correlation areas in VG and TGN or in TGN and TGC were Broca’s
area, the somatosensory cortex, the somatosensory association cortex,
and the supramarginal gyrus part of Wernicke’s area. Although it is
possible that each channel is reflected or influenced by two or three
neighboring channels [27], our results showed that each area of
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channel might be reflected or crosstalk broad or specific brain areas. It
is possible that Broca’s area, the somatosensory cortex, the
somatosensory association cortex, and the supramarginal gyrus part of

Wernicke’s area stimulated or reflected the activity of other brain
areas, including areas in the opposite hemisphere, during game play.

Four categories; the channels which were found of common correlations (P<0.01)
Brodmann map (BA; Brodmann area) Basic channels Common correlation channels
All tasks VG&TGN VG&TGC TGN&TGC
Broca’s area (BA 44, 45, & 46) ch6 ch 3,9, 29 ch7,12, 16, 37, 39 ch1 ch4
Somatosensory Cortex (BA 1, 2, & 3) ch14 ch9, 12,16 ch 17, 36, 39 ch 4,29, 31
ch36 ch 9, 12, 14, 28, 39
Somatosensory association cortex (BA 7) ch38 ch 17 ch 15
Supramarginal gyrus part of Wernicke’s area (BA 40) ch16 ch 12, 14 ch 6,17, 39 ch 9,19, 29
ch39 ch 6,9, 11,12, 14, 16,
28, 34, 36, 37
Primary and Auditory Association Cortex (BA 41 & 42) ch18
ch42 ch 37
Angular gyrus part of Wernicke’s area (BA 39) ch19 ch9, 14,16
ch21 ch 22,43
ch41
ch44 ch 41
Associative visual cortex (BA 19) ch22 ch 21, 43
ch43 ch 21,22

Table 2: Channels that had common correlations (P<0.01) in all Mahjong game play settings (VG, TGN and TGC), in VG and TGN settings, in
VG and TGC settings, and in TGN and TGC settings. VG: video game setting; TGN: real-life setting without conversation; TGC: real-life setting
with conversation; BA: Brodmann area. Red numbers denote the same areas of the contralateral hemisphere on the basic channels.

Interestingly, at the angular gyrus part of Wernicke’s area in the left
hemisphere, there were common correlation areas in TGN and TGC
but not in VG. This might indicate that the angular gyrus part of
Wernicke’s area in the left hemisphere is activated and connected to
other brain areas only during face-to-face game playing game settings,
and not in virtual game playing settings. This was the major
distinction between real play game and virtual play game in the
current results. Geschwind discussed that the angular gyrus is a visual
memory center for words, and by seeing and hearing, written word
memory that is formed and stocked [28]. The activity of the angular
gyrus is also frequently modulated during number processing [29],
and involved in processes working memory [30] and cognition, as the
results of linguistic and mathematical competence [31]. Passive
viewing and perception of familiar symbols increased activation in the
left angular gyrus to a greater extent than passing viewing of
unfamiliar symbols did [32], and the left angular gyrus and superior
temporal gyri activated more to the symbolic than the nonsymbolic
[33]. In addition, ADHD subjects were found significance reduced
volume of the right angular gyrus [34], Alzheimer's disease patients
showed significant glucose hypometabolism in angular gyrus [35] and
multiplayer online role-playing games showed a significantly
decreased activations in the angular gyrus [36]. These findings suggest
that the left angular gyrus subserves a more fundamental cognitive

function in mathematical thinking than just arithmetic fact retrieval
[31], and our results could therefore indicate that the cognition of
numbers and/or letters was activated during TGN and TGC, but not
VG.

In contrast, playing or watching the traditional Chinese gambling
game Mah-Jong triggered epileptic seizures [37]. Epileptic seizures are
known to be induced in some patients by flickering lights and color
patterns, reading, language, movement, thinking, decision making,
tapping and touching, and related stress [38]. Extensive observations
show the frequent occurrence of provoked seizures in malformations
of cortical development and in recently defined conditions such as
familial or sporadic lateral temporal epilepsy [39]. However the
mechanism that causes reflex epilepsy is not clear. We would like to
further study epileptic seizures including the effects made by playing
mahjong.

Conclusion

Our NIRS study demonstrated that the increase in oxy-Hb
concentration in Broca’s area, the somatosensory cortex, the
somatosensory association cortex, the supramarginal gyrus part of
Wernicke’s area, the primary and auditory association cortex, the
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angular gyrus part of Wernicke’s area, and the associative visual cortex
was lower during Mahjong game play in a video game setting than
during Mahjong game play in a real-life setting. Our results also
indicate the feasibly of NIRS in determining temporal relations among
brain areas in opposite hemispheres. Further investigation of relations
and other brain areas involving left angular gyrus will elucidate the
neuronal processes and distinctions between real and virtual world. In
future study, we pay attention about the influence of age whether there
is any difference in behavior among young and old players gyrus [35]
and multiplayer online role-playing games showed a significantly
decreased activations in the angular gyrus [36]. These findings suggest
that the left angular gyrus subserves a more fundamental cognitive
function in mathematical thinking than just arithmetic fact retrieval
[31], and our results could therefore indicate that the cognition of
numbers and/or letters was activated during TGN and TGC, but not
VG.
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