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Abstract

Introduction: Previous studies have revealed that one-session focused attentionmed-

itation (FAM) can improve top-down attention control, which is one of the factors of

working memory capacity (WMC). In addition, FAM shares various neural substrates,

including the dorsolateral prefrontal cortex (DLPFC), with WMC. Thus, we hypoth-

esized that one-session FAM would improve WMC by activating the DLPFC evoked

by the top-down attention control. In this study, we examined whether FAMmodified

WMC in individuals with little to nomeditation experience.

Methods: The participants were randomly assigned to either the FAM group (N = 13)

or the control group (N = 17) who engaged in random thinking (i.e., mind-wandering).

Before and after each 15-min intervention, the participants’ WMC was measured

according to the total number of correct answers in the Reading Span Test. During

each intervention, functional near-infrared spectroscopy was employed to measure

the blood flow in the participants’ DLPFC and determine the top-down attention con-

trol effect.

Results: In the FAM group, WMC increased, and the bilateral DLPFC was activated

during the intervention. As for the control group, WMC decreased after the interven-

tion, and the bilateral DLPFC was not activated during the intervention. A correlation

was also found among all participants between the increase inWMCand the activation

of the bilateral DLPFC.

Conclusion: The study findings suggest that top-down attention control during FAM

can activate the bilateral DLPFC and increaseWMC amongmeditation novices.
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1 INTRODUCTION

Cognitive training is an intervention that enhances cognitive functions

and improves performance in anydaily task underpinnedby the trained

cognitive functions (Simons et al., 2016; Tang & Posner, 2014), and

mindfulness meditation is a type of cognitive training that enhances

attentional control, emotional regulation, and self-awareness by devel-

oping brain networks (Tang & Posner, 2014; Tang et al., 2015).Mindful-

ness meditation can be divided into twomain styles: focused attention

meditation (FAM) and open monitoring meditation (OMM) (Lutz et al.,

2008; Miyoshi et al., 2020). In particular, FAM increases the top-down

attention control as an inhibitory control of attention toward irrele-

vant stimuli embedded in a cognitive task (Colzato et al., 2015; Colzato

et al., 2016; Deepeshwar et al., 2015; Duncan et al., 1997; Lippelt

et al., 2014; Wenk-Sormaz, 2005), whereas OMM decreases the top-

down attention control by encouraging practitioners to spread their

attention over an environment (Colzato et al., 2015, 2016). Recently,

one-session FAM was suggested for workplaces (Hafenbrack, 2017)

because the benefits of top-down attention control may underpin

certain abilities that influence job performance, such as avoiding

distractions at work or concentrating on the task at hand (Fisher et al.,

2017). Moreover, as one-session FAM costs less time and money than

long-term FAM intervention (Hafenbrack, 2017), it will most likely be

introduced in other environments such as schools (Waters et al., 2014).

Thus, it is necessary to explore and accumulate evidence regarding the

effect of one-session FAMonmeditation novices.

FAM is characterized by the dorsolateral prefrontal cortex (DLPFC)

activation because FAM entails the top-down attention control. Dur-

ing FAM, practitioners direct and sustain their attention on a selected

object (e.g., breathing or a candle flame)while inhibiting self-generated

thoughts (i.e., mind-wandering) (Andrews-Hanna et al., 2014; Lippelt

et al., 2014; Lutz et al., 2008). When mind-wandering occurs, practi-

tioners attempt to detach their attention from it and shift their atten-

tion back toward the selected object (Lutz et al., 2008). This top-down

attention control during FAM activates DLPFC, which plays a vital role

in the top-down attention control for visual information processes and

behavioral actions (Wang et al., 2020). TheDLPFC is believed to be one

of the neural substrates of FAM (Fox et al., 2016; Hasenkamp et al.,

2012).

As working memory capacity (WMC) supports various daily life

functions, such as learning, comprehension, planning, reasoning, and

problem-solving (Cowan, 2014), it has become one of the goals of

cognitive training (Constantinidis & Klingberg, 2016). WMC has been

characterized as a distributed network in the sensory, parietal, and

prefrontal cortices (Christophel et al., 2017). In particular, the DLPFC

also plays an essential role inWMC (Barbey et al., 2013; Callicott et al.,

1999). Thus, activating the DLPFC can improve WMC (Berryhill &

Jones, 2012;Mulquiney et al., 2011; Ohn et al., 2008).

At this point, the following question is raised: What is the effect

of one-session FAM on WMC? One possible answer is that individ-

ual differences in WMC are reflected in inhibitory control (Conway &

Engle, 1994; Miyake et al., 2000; Osaka, 2006; Tsuchida et al., 2008),

and if one-session FAM can increase such control, it might improve

WMC. Another possible answer is that FAM shares the DLPFC with

WMC (Christophel et al., 2017; Edin et al., 2009; Gazzaley et al., 2005;

Klingberg, 2010; Sreenivasan et al., 2014). Therefore, this study

hypothesized that one-session FAM could improveWMCby activating

the DLPFC evoked by the top-down attention control. To the best of

the authors’ knowledge, no study to date has examined the abovemen-

tioned aspect.

Therefore, this study compares the effect of one-session FAM and

that of a control intervention method onWMC. For the FAM interven-

tion, Su-sokumeditation (a traditionalmindfulnessmeditationmethod)

was selected (Chiesa, 2009; Lutz et al., 2008). In this method, prac-

titioners must focus on their breathing, count their breathing cycles,

and maintain their concentration on their breath to induce the top-

down attention control (Chiesa, 2009; Dunn et al., 1999; Menezes

et al., 2013; Park & Park, 2012). As this method does not require any

specialized training (Hanh, 2016; Kubota et al., 2001), it is suitable

for meditation-naive participants (Chiesa & Malinowski, 2011; Hanh,

2016). As for the control intervention method, a random-thinking

interventionwas selected. Thismethod induces amental state that dif-

fers from that in FAM (Deepeshwar et al., 2015; Telles et al., 2015).

In this case, practitioners allow their thoughts to run free, as in mind-

wandering. As mind-wandering accounts for approximately 47% of

everyday thoughts (Killingsworth & Gilbert, 2010), this method is an

appropriate control task (Arch & Craske, 2006; Deepeshwar et al.,

2015). Moreover, to confirm the influence of the top-down attention

control during the intervention,DLPFCactivationwasmonitoredusing

functional near-infrared spectroscopy (fNIRS), which includes a high

temporal resolution (Hori & Seiyama, 2014) and assesses DLPFC acti-

vation during an individual’s natural meditation posture. This study

thus provides insights into the effect of one-sessionFAMonmeditation

novices.

2 MATERIALS AND METHODS

2.1 Subjects

In all, 44 healthy university students (seven males and 37 females;

mean age = 21.2 ± 1.9 years) with no Su-soku meditation experi-

ence participated in this study after providing their written informed

consent. The study protocol was approved by the Gunma Univer-

sity Institutional Review Board (No. 2016–064), and it was registered

with theUniversityHospitalMedical InformationNetwork (UMIN) (ID:

UMIN000026012).

2.2 Experimental procedure

Based on a randomized block design, the participantswere divided into

two groups: FAM and control groups. Then, the participants’ WMC

was assessed before and after each 15-min intervention by using the

Japanese (Osaka, 2002) and Gunma University (GU) version (Tsuchiya

et al., 2017) of a Reading Span Test (RST) (Daneman & Carpenter,
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F IGURE 1 Schematic illustration of the study design. The
participants were assigned to either one of the following groups:
Focused attentionmeditation (FAM) or Control groups.Working
memory capacity was assessed during the pretest and posttest by
using a Reading Span Test. The intervention timewas 15min, and a
5-min rest period was set before and after each intervention, as a
baseline for evaluating the cerebral blood flow concentration of the
dorsolateral prefrontal cortex through functional near-infrared
spectroscopy (fNIRS)

1980). In this case, the JapaneseRSTand theGURSTwereassigned in a

counterbalanced order within each FAM and control group before and

after each intervention. In addition, to investigate DLPFC activation by

fNIRS, this study employed a single block design, that is, a 5-min rest

period, a 15-min intervention, and a 5-min rest period (see Figure 1).

2.3 Interventions

First, the participants were asked if they had previous experience in

FAM. Then, they were instructed how to conduct each intervention

with the help of a paper-based manual developed by authors after the

pretest. They were asked to wear the fNIRS system (explained below)

and sit with their jaws fixed on a chin rest. Next, they were instructed

to perform the 15-min FAM or the control intervention with their eyes

closed andwithout any guidance.During the 5-min rest period, the par-

ticipants were asked to quietly sit on a chair with their eyes closed. A

bell signaled the start and end of each intervention. The participants

did not practice each intervention before the experiment. They con-

ducted each intervention in a dim, sound-proof room to mitigate any

noise or light that could have influenced the fNIRS system that they

wore.

2.4 Su-soku meditation: FAM group

This study adopted Su-sokumeditation, as described by previous stud-

ies (Komuro, 2016; Ryuichiro & Shinobu, 2010). It was conducted for

15min.Overall, the participantswere instructed toperform the follow-

ing: (1) count their breathing inspiration plus exhalation as one set (i.e.,

breathing in and out equals one set); (2) count from one to 10 repet-

itively as they breathe; (3) close their eyes and mentally count their

breath; (4) count their breathing sets, despite various thoughts coming

to theirmind; and (5) in the following instances, recount their breathing

from one, and push the counter held in their right hand with their right

thumb (Hasenkamp et al., 2012): (a) counting the same number repeat-

edly; (b) counting by skipping a number; (c) forgetting to count a set;

and (d) not counting the number correctly according to their breathing.

2.5 Random-thinking intervention: Control group

The random-thinking intervention was based on a previous study

(Deepeshwar et al., 2015). This control intervention was also con-

ducted for 15 min, which was the same duration as the Su-soku med-

itation. Overall, the participants were instructed to listen to randomly

recorded conversations or local radio advertisements via speakers to

let various thoughts come to theirminds. This intervention encourages

random thinking because the recorded contents are not connected

(Deepeshwar et al., 2015). Moreover, two researchers directly evalu-

ated theparticipants’ performanceanddocumented their performance

on a videotape recorder (HDR-CX270V; SONY, Corp., Tokyo, Japan)

so that the other researchers could check the unrelated tasks of the

participants during the intervention, such as physical movements and

sleeping.

2.6 WMC measurement

The participants’ WMCwas evaluated using the Japanese RST and the

GU RST (Osaka, 2002; Tsuchiya et al., 2017; Yasumura et al., 2014).

In this measurement, the participants were asked to read aloud a

sentence and memorize one target word in the sentence. After the

participants read several sentences, they were asked to recall the tar-

get word included in each sentence. These sentences were presented

according to four conditions: two, three, four, and five sentences. Each

condition included five trials, and the number of presented sentences

increased as the condition numbers increased. For example, a trial

in the three-sentence condition asked the participants to read three

sentences aloud and then correctly recall three target words in each

sentence. Overall, the participants were shown a total of 70 sentences

and 70 target words, including 10 sentences in the two-sentence

condition, 15 in the three-sentence condition, 20 in the four-sentence

condition, and 25 in the five-sentence condition.

A previous study reported that one RST high-score group mainly

used a word image strategy in which they created a mental image of

the words that they were asked to memorize (Endo & Osaka, 2012).

Thus, in the present study, the participants were asked to use the same

strategy to memorize the target words. Furthermore, a laptop was

employed to present the stimulus sentences. The distance between the

laptop and the participant was set at approximately 45 cm. When the

trial began, a fixation point was displayed on the screen for 15 s, after

which several sentences were presented one-by-one according to the

condition. Then, a white screen was provided for 5 s per target word

in each condition. At that time, the participants were asked to recall

the targetwords that they hadmemorized. Notably, as the participants

were not allowed to report the targetwordof the final sentence in each

trial, a recency effect did not occur.
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The RST adopted the following four scoring methods (Friedman &

Miyake, 2005). The first method was the “total words (TW)” score,

which was the total number of words recalled across trials. The sec-

ond method was the “proportion words” score, which was the average

proportion of words recalled for each trial. The third method was the

“correct sets words” score, which was the total number of sentence

sets perfectly recalled in a trial based on the conditions. The fourth

method was the “span” score, which was the highest-level conditions

score wherein the participants could recall more than three of the five

trials correctly based on the conditions (for more details, see Friedman

&Miyake, 2005). Among these scoring methods, because of good reli-

ability and normal distributions (Friedman & Miyake, 2005), the TW

score was the recommended scoring method for WMC (Robert et al.,

2009), even with the various language versions of the RST, such as the

English (Friedman & Miyake, 2005), the Japanese (Otsuka & Miyatani,

2007), and other language versions (Schelstraete & Hupet, 2002; Van

Den Noort et al., 2008). Previous reports also employed the TW score

method to examine the encoding strategies in the RST (Kaakinen &

Hyönä, 2007), the relationship between WMC and foreign language

proficiency (Van Den Noort et al., 2006), the age difference in WMC

(Robert et al., 2009), and the relationship between WMC and reading

comprehension ability (Friedman & Miyake, 2004). Thus, we selected

the TW score to evaluateWMC (maximum= 70words).

2.7 fNIRS recording

A 42-channel fNIRS system (LABNIRS; Shimadzu, Corp., Kyoto, Japan)

was used tomeasure the cerebral blood flow concentration. The probe

arrangement was fitted to cover the prefrontal cortex, according to

the international 10−20 method Fpz. The probes were placed in ver-

tical(n = 3) and horizontal (n = 9) at 3-cm intervals, with two probes

placed on the left and the right to measure the skin blood flow concen-

tration. The distance between these two probes was set at 1.5 cm. In

addition, the researchers measured the fNIRS optical density data in

oxygenated hemoglobin (oxy-Hb), deoxygenated hemoglobin, and total

hemoglobin and converted them into a concentration change every 0.1

s, according to the modified Beer–Lambert law (Delpy et al., 1988).

After the measurement, the positional information for each probe was

obtained by using a three-dimensional digitizer (FASTRAK; Polhemus,

Colchester, VT, USA). In this case, the reference points included the

nasal root (Nz), the parietal (Cz), and the left and right preauricular

points.

To remove some noise signals, we preprocessed the concentration

changes in the followingmanner. First, a segment-independent compo-

nent analysis was conducted to remove the skin blood flow rate. This

method was installed as an analysis toolbox on the fNIRS system. The

researchers calculated the spatial uniformity coefficient to evaluate

the skin blood flow rate in these concentration changes. Then, the esti-

mated skin blood flow rate was removed from the raw data through

the independent component analysis (Kohno et al., 2007). Second, the

researchers used 2.5-smoving average processing to smooth out these

concentration changes, which entailed removing high-frequency com-

F IGURE 2 Positions of the functional near-infrared spectroscopy
(fNIRS) channels, with white and red squares indicating the fNIRS
channel positions. Only red clusters indicate the region of interest,
that is, the dorsolateral prefrontal cortex (DLPFC)

ponents due to bodily movements and heartbeats (Koo et al., 2015;

Nishimuraet al., 2009).After preprocessing, the concentration changes

were summed up every 5 min to extract the integrated values, that is,

two integrated values during the rest period and three integrated val-

ues during the intervention.

Overall, the purpose was to detect any hemodynamic responses

on both sides of the DLPFC, which were established as the regions of

interest (ROIs). These ROIs were identified by using statistical para-

metric mapping for fNIRS from the obtained positional information of

each probe (Ye et al., 2009). The left and right DLPFCswere set as each

channel by using probabilistic registration (Singh et al., 2005). More

specifically, the Montreal Neurological Institute coordinates (Brett

et al., 2002) were calculated from the positional information obtained

from the three-dimensional digitizer. Then, the computed channels

(based on Brodmann areas) were labeled according to the Talairach

Daemon atlas (Lancaster et al., 2000), an international anatomical

labeling application.

Furthermore, this study used five adjacent channels corresponding

to the two ROIs, that is, right DLPFC (Channels 2, 3, 10, 11, and 19)

and left DLPFC (Channels 6, 7, 15, 16, and 24) (see Figure 2). This

procedure was considered reasonable because the adjacent channels

included similar light components (Katagiri et al., 2010). Moreover, as

oxy-Hb is the most sensitive index regarding changes in fNIRS mea-

surement values, the oxy-Hb data were reported as the primary fNIRS

outcome (Hoshi et al., 2001).

3 DATA ANALYSIS

Overall, the data from 14 participants were excluded from the analy-

sis because they did not meet the experimental requirements. In this
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regard, four lost data because of technical issues, four failed to distin-

guish FAM from the rest period, three fell asleep, and three frequently

moved their hands, arms, torsos, and legs during the intervention. Con-

sequently, the analysis included the data from the remaining 30 partic-

ipants (four males and 26 females; mean age = 21.1 ± 1.8 years; FAM

group = 13, control group = 17). Some of the participants (N = 6) had

previous experience in other types of meditations. However, none of

the participants had meditated for 5 min or longer per day within the

pastmonth, whichwas a criterion for a novicemeditator (Atchley et al.,

2016).

3.1 RST measurement analysis

As the study’s purpose is to assess the effect of FAM on WMC, the

researchers calculated the change in the TW score (i.e., the posttest

score minus the pretest score: ΔTW). Next, an analysis of covariance

(ANCOVA) was conducted for the ΔTW score, with the ΔTW score as

the dependent variable and the type of group (i.e., FAM or control) as

the independent variable. Additionally, the pretest TW score was the

covariate, according to previous studies (Nouchi, Saito, et al., 2016;

Nouchi et al., 2013; Nouchi, Taki, et al., 2016). Previous research indi-

cates that anANCOVAcan reduceerror variance (Takeuchi et al., 2016)

and control the effects of pre-intervention values (Nouchi, Saito, et al.,

2016; Nouchi et al., 2013; Nouchi, Taki, et al., 2016). Moreover, the

researchers calculated the effect size, that is, partial eta squared (ηp2)
(small= .01; medium= .06; large= .14) (Cohen, 1988).

3.2 fNIRS analysis

To assess the effect of FAM on brain activity, we averaged two inte-

grated values of rest periods and three integrated values of interven-

tion times for each. Then, the change in the oxy-Hb value for the right

and left ROI of each group was calculated (i.e., intervention timeminus

rest period: Δoxy-Hb). To compare the Δoxy-Hb between groups, we

converted the Δoxy-Hb of the ROIs into Z-scores by using the follow-

ing formula: Z= (X− μ) / σ, where themean value is 0, and the standard

deviation is 1 (Tsunashima&Yanagisawa, 2009). In this formula,X is the

Δoxy-Hb of the ROI, μ is their mean value, and σ is the standard devia-
tion. A two-way repeated measures analysis of variance (RM-ANOVA)

was employed to evaluate the differences in Δoxy-Hb between the

ROIs (i.e., right or left) and the groups (i.e., FAMor control). In this case,

if an ROI by the group interaction effectwas confirmed, then a post hoc

analysis with Shaffer’s procedure for multiple comparisons was con-

ducted between themean values of the different ROIs and groups.

Finally, to examine the relationship between theΔTW score and the

Δoxy-Hb, Pearson’s correlation coefficientwas calculated between the
ΔTW score and the Δoxy-Hb. If an ROI by the group interaction effect

was confirmed, then thePearson correlation coefficientwas calculated

for each ROI. If not, then the right and leftΔoxy-Hb (bilateralΔoxy-Hb)
were averaged in each group, and the Pearson correlation coefficient

was calculated. Moreover, the researchers calculated the effect size,

F IGURE 3 Change in the total word score (i.e., the posttest score
minus the pretest score:ΔTW) for each focused attentionmeditation
(FAM) group and control intervention group. The error bar represents
the standard error of themean. *p< .05

that is, partial eta squared (ηp2) (small= .01;medium= .06; large= .14)

(Cohen, 1988), and the data were analyzed by using R version 4.0.2

software, with a significance level of p< .05.

4 RESULTS

4.1 RST measure

Overall, the ΔTW score for the FAM group was 3.2 ± 1.3, whereas

the ΔTW score for the control group was −0.53 ± 1.0. Additionally,

the results of the ANCOVA revealed a significant difference between

the groups (F [1, 27] = 6.89, ηp2 = .20, 95% family-wise CI [0.96, 7.8],

p = .014; see Figure 3). This finding suggests that FAM improved the

WMCof the participants, as opposed to the control group.

4.2 fNIRS data

According to the results of the RM-ANOVA for the ROIs (i.e., the

right and left) and the groups (i.e., FAM and control), no significant

effect was observed for the ROIs; however, a significant effect was

observed for the groups (Greenhouse–Geisser epsilon correction: F [1,

28] = 6.66, ηp2 = .19, p = .015). In addition, no significant interaction

was found for ROIs × groups (Greenhouse–Geisser epsilon correction:

F [1, 28] = 2.50 × 10–3, ηp2 = .10 × 10–3, p = .96; see Table 1 and Fig-

ure 4). These findings suggest that FAM increased oxy-Hb in the right

and left DLPFCsmore than the control interventionmethod.

Finally, Figure 5 presents the correlation between the ΔTW scores

and the bilateral Δoxy-Hb for all of the study participants. In this case,
a significant positive correlation was found between the ΔTW scores

and the bilateralΔoxy-Hb (r= .57, p= .90×10–3). This finding suggests

that the increase in bilateral DLPFC activation was related to WMC

improvement.
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TABLE 1 Δoxy-Hb signals in the regions of interest (ROIs) in the
focused attentionmeditation (FAM) group and the random-thinking
intervention (control) group

Group n

ROI

Mean SEM

CI (95%)

(DLPFC) Minimum Maximum

FAM 13 Right 0.48 0.16 0.14 0.82

Left 0.47 0.18 0.13 0.81

Control 17 Right −0.37 0.27 −0.71 −0.025

Left −0.36 0.26 −0.70 −0.021

Note: This study calculated Loftus–Masson’s Difference-Adjusted Pooled

Confidence Intervals (CIs).Abbreviations: DLPFC, dorsolateral prefrontal

cortex; SEM, standard error of themean.

F IGURE 4 Normalized change value in the integrated value of
oxy-Hb (i.e., the intervention timeminus the rest period:Δoxy-Hb) for
the right and left dorsolateral prefrontal cortex (DLPFC) of each
focused attentionmeditation (FAM) group and control intervention
group. The error bar represents the standard error of themean.
*p< .05

F IGURE 5 Relationship between the change in the total word
score (i.e., the posttest scoreminus the pretest score:ΔTW) and the
normalized change value in the integrated value of oxy-Hb (i.e., the
intervention timeminus the rest period:Δoxy-Hb) for the bilateral
dorsolateral prefrontal cortex (DLPFC) of each focused attention
meditation (FAM) group and control intervention group

5 DISCUSSION

This study investigated the effect of one-session FAM on WMC com-

pared to the random-thinking intervention as the control interven-

tion method. It also used fNIRS to assess the hemodynamic DLPFC

responses in both interventions and support the top-down attention

control effect. This report was the first to examine the effect of one-

session FAM on WMC among meditation novices and its mechanism

from a neuroscientific perspective. The results demonstrated that

after the meditation, the participants in the FAM group possessed an

average of three more words among the total number of words that

they had memorized across the trials than before the meditation. In

contrast, the participants in the control group slightly decreased the

total number of words that they had memorized across the trials. As

expected, the change in the TW score (from before to after the inter-

vention) was significantly larger in the FAM group than in the control

group, with a large effect size of the difference (ηp2 = .20) (Cohen,

1988). This result suggested that FAM improved WMCmore than the

control intervention method (see Figure 3). Additionally, there are two

perspectives for interpreting the findings: (1) the effect of the top-

down attention control and (2) the effect of change in consciousness

caused by the top-down attention control (Hölzel et al., 2011).

The top-down attention control is one of the important compo-

nents for producing the efficacy of mindfulness meditation (Hölzel

et al., 2011). As for the Su-soku meditation in the FAM group, the

participants were asked to focus on their breathing while counting

their respiratory rate. If mind-wandering occurred, then they had

to shift their attention back toward their breathing. This top-down

attention control includes an inhibitory control to mind-wandering

(Malinowski, 2013; Markowska, 2013). Previous studies have

also reported that one-session FAM improved inhibitory control

(Deepeshwar et al., 2015; Wenk-Sormaz, 2005). In the current study,

WMCwasevaluatedbyRST,which asked theparticipants to read aloud

some sentences, including irrelevant words and specific keywords,

and memorize the specific keywords. Thus, their RST performance

was influenced by inhibitory control of attention toward irrelevant

information (Conway & Engle, 1994; Miyake et al., 2000; Osaka, 2006;

Tsuchida et al., 2008). Based on these findings, it is possible to conclude

that repeated top-down attention control during FAM enhances

inhibitory control toward irrelevant information, such as unrelated

words (Osaka, 2006; Osaka et al., 2002), and leads to improved RST.

The results of the fNIRSalso support this suggestion. This study con-

firmed that FAM increased bilateral DLPFC activation more than the

control group (see Figure 4). It also found that the increase in bilateral

DLPFC activation was related to WMC improvement (see Figure 5).

Similarly, previous studies show that the DLPFC is related to the top-

down attention control during FAM (Hasenkamp et al., 2012; Lippelt

et al., 2014), a critical role in inhibitory control (Aron et al., 2014;

Cipolotti et al., 2016; Dias et al., 1997; Lau et al., 2006; Ridderinkhof

et al., 2004), and in RST performance (publisher). Thus, this study sug-

gested that inhibitory control induced by the top-down attention con-

trol in FAM evokes DLPFC activation, which, in turn, leads to WMC
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improvement (Curtis&D’Esposito, 2003; Lau et al., 2006; Ridderinkhof

et al., 2004; Seeley et al., 2007; Taren et al., 2017).

Contrary to FAM, the control intervention method required less

top-down attention control. The participants in the control group

thought freely about various topics and ideas, and it was stimulated

by listening to short dialogues, advertisements, and other inputs.

As this mental process includes no specific purpose, it is similar to

mind-wandering (Deepeshwar et al., 2015; Smallwood & Schooler,

2006). The fNIRS results showing the deactivation of the bilateral

DLPFC in the control intervention also supported the induced mind-

wandering. Previous studies show that mind-wandering is related to

default network activation (Andrews-Hanna et al., 2014; Christoff

et al., 2009; Mason et al., 2007). This network is mainly involved in the

medial prefrontal cortex and posterior cingulate gyrus (Raichle et al.,

2001). Based on these findings, the control interventionmethod in this

study did not activate theDLPFC.Moreover, a previous study reported

that during mind-wandering, one’s ability to perform WMC tasks

is often attenuated (Smallwood & Schooler, 2006). Thus, this study

suggests that mind-wandering in the control group did not improve

RST performance.

In addition to the aforementioned effect of the top-down attention

control, participants’ consciousness could have affectedWMC (Hölzel

et al., 2011). According to the SphereModel of Consciousness (Paoletti

& Ben-Soussan, 2019), the top-down attention control induced by

meditation changes participants’ consciousness from the narrative

self to the minimal self and further to overcoming of the self (Paoletti

& Ben-Soussan, 2019, 2020; Pintimalli et al., 2020). In this respect,

the narrative self is a consciousness that comprises various stories,

including the past and future representation with emotional valence

(Gallagher, 2000). It corresponds to amind-wandering state supported

by the default network or the hippocampal–cortical memory system

(Andrews-Hanna et al., 2014; Christoff et al., 2009;Mason et al., 2007;

Paoletti &Ben-Soussan, 2019; Vago&Silbersweig, 2012; Vincent et al.,

2008). As for theminimal self, it is a consciousness made by an immedi-

ate subject of experience in the present (Gallagher, 2000). Theminimal

self also refers to higher-order conscious or volitional awareness sup-

ported by the dorsal attention and frontoparietal networks, including

the DLPFC, dorsal anterior cingulate cortex, and temporoparietal

junction (Paoletti & Ben-Soussan, 2019; Vago & Silbersweig, 2012).

Finally, the overcoming of the self refers to a deep state of silence or

consciousness without contents supported by the multiple demand

system (Duncan, 2010; Raffone & Srinivasan, 2017), particularly the

insula cortex (Paoletti &Ben-Soussan, 2020). Additionally, the changed

consciousness during meditation affects the state of consciousness

after meditation. Previous studies indicate that the minimal self and

the overcoming of the self, induced by meditation, can lead to increased

meta-awareness (Vago&Silbersweig, 2012) and a change in conscious-

ness after meditation (Pintimalli et al., 2020). In this study, we found

significant DLPFC activations evoked by FAM, which suggested that

the minimal self or the overcoming of the self was induced during FAM

and continued after FAM. Thus, the increased WMC can be explained

by the effects of the top-down attention control and the effect of

change in consciousness caused by the top-down attention control.

In contrast to previous findings on the effect of one-session OMM

(Banks et al., 2015), this study found that one-session meditation

improved WMC. Regarding the differences between these two meth-

ods, OMM does not focus on a particular object (e.g., breathing and a

candle flame) but allows practitioners to notice any thoughts or experi-

ences that might arise during meditation (Lutz et al., 2008). Previous

studies have reported that OMM encourages the spreading of one’s

attention over an environment and decreases the top-down attention

control (Colzato et al., 2015, 2016). In this regard, as different med-

itation methods have different effects on cognitive domains (Lippelt

et al., 2014), it is essential to verify the effectiveness of eachmeditation

type. For example, some previous studies have independently exam-

ined the effect of one-session FAM or one-session OMM on memory

function (Eisenbeck et al., 2018) and executive function (Luu & Hall,

2017; Wenk-Sormaz, 2005). Thus, it can be useful to compare one-

session FAM and one-session OMM among novice meditators to clar-

ify the effectiveness of meditation type depending on the cognitive

domain.

Finally, this studyhas five noteworthy limitations. First, although the

change in consciousness could be explained by the DLPFC activation

(Vago & Silbersweig, 2012), it may be better to confirm the change in

consciousness by adding an assessment of the subjective experience

such as the Tennessee Self-Concept Scale (Fitts & Roid, 1989; Hölzel

et al., 2011). From the standpoint of the characteristics of the narra-

tive self and theminimal self, it may be useful to assess the frequency of

mind-wandering during the interventions through a Likert scale to dis-

tinguish the consciousness between the interventions (Garrison et al.,

2014; Garrison et al., 2015). However, further study is necessary to

confirm this suggestion. Second, we did not assess the quality of the

participants’ FAM. The researchers acknowledge that it would have

been better to confirm such quality by performing a subjective assess-

ment, as in previous studies (Garrison et al., 2014, 2015). However, it

was assumed that the participants could have effectively implemented

FAM in compliance with the presented instruction. In this regard, pre-

vious studies have shown that Su-soku meditation is appropriate for

meditation-naive participants because it does not require specialized

training (Chiesa & Malinowski, 2011; Hanh, 2016; Takahashi et al.,

2005). Related studies havealso shown that noviceparticipantswhodo

not practice daily meditation can perform it effectively in short dura-

tions (Miyoshi et al., 2020; Murata et al., 2004; Takahashi et al., 2005).

Meanwhile, this study excluded any participants who moved their

hands, arms, torsos, and legs during the intervention as well as those

whocouldnotdistinguish the interventions fromthe rest periods. Thus,

this study’s results are based on the notion that the participants could

have completed FAM correctly and effectively. Third, it is also impor-

tant to note one aspect of the interventions that could have affected

the results. Specifically, the FAM group contained a motor component

related to the counter-pushing task, whereas the control group did

not include this component. However, it was assumed that the motor

response did not significantly influence the results. According to a pre-

vious study (Hasenkamp et al., 2012), which focused on the partici-

pants’ awareness of mind-wandering by button-pressing, such actions

did not influence DLPFC activation. Similarly, another study showed
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that an easy rhythmic tapping task did not contribute to DLPFC acti-

vation (Abiru et al., 2016). Thus, it is possible to conclude that the

FAM group’s motor response did not significantly affect the bilateral

DLPFC activation andWMC improvement. Fourth, other brain regions

may have contributed to WMC improvement. Previous studies show

that FAM activates other brain regions, including the anterior cingu-

late cortex and insula (Fox et al., 2016; Hasenkamp et al., 2012). Con-

sidering the aforementioned SphereModel of Consciousness (Paoletti

& Ben-Soussan, 2019), we can assume that the frontoparietal net-

work, dorsal attention network, and multiple demand system might

also be associated with WMC improvement. Future research should

investigate the activation of other brain regions during and after one-

session FAMand their contributions towardWMC improvement. Fifth,

all of the participants were young adults. As the effect of one-session

FAM on the WMC of older adults and children is still unknown, future

studies should focus on these age groups to generalize the study

findings.

6 CONCLUSION

This study was the first to investigate the effects of one-session FAM

on the WMC of meditation novices and monitor their DLPFC acti-

vation using fNIRS to determine its mechanism from a neuroscien-

tific perspective. The study results revealed an increase in WMC after

FAM compared to the random-thinking intervention as the control

intervention method. A significant bilateral DLPFC activation was also

observed in contrast to the control intervention method, which was

correlated with WMC improvement. Overall, we conclude that one-

session FAM can improveWMC throughDLPFC activation, stimulated

by top-down attention control (including inhibitory control) or by a

change in consciousness evoked by such control. It can be helpful to

conduct one-session FAM before a class at school or before a job at

a workplace to deal with difficulties more efficiently. Moreover, these

results may contribute to evidence regarding the effect of one-session

FAMonmeditation novices.
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