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Objective: Based on eastern philosophy, mindfulness is becoming popular for human
being’s mental health and well-being in western countries. In this study, we proposed to
explore the effectiveness and potential pathway of mindfulness-based training (MBT) on
Chinese Non-clinical higher education students’ cognition and emotion.

Methods: A paired control design was used. 48 higher education students (24 in
MBT group, 24 in control group) were recruited in the study. The MBT group engaged
in a 12-week MBT. A package of measurements, including sustained attention tasks
(The Continuous Performance Test, CPT), executive function task (Stroop) for cognitive
functions, the self-reported mindfulness levels (The Mindful Attention Awareness Scale,
MAAS) and emotion (The Profile of Mood States, POMS), were apply for all participants
at baseline and every 4 weeks during next 12 weeks.

Results: There were no differences in baseline demographic variables between two
groups. Over the 12-week training, participants assigned to MBT group had a
significantly greater reduction in CPT reaction time (Cohen’s d 0.72), significantly greater
improvement in positive emotion (Vigor-Activity, VA) (Cohen’s d 1.08) and in MAAS
(Cohen’s d 0.49) than those assigned to control group. And, MAAS at 4th week could
significantly predict the CPT RT and VA at 8th week in the MBT group. VA at 4th week
could significantly predict the CPT RT at 8th week (B = 4.88, t = 2.21, p = 0.034,
R2 = 0.35).

Conclusion: This study shows the efficiency of 12-week MBT on Chinese Non-
clinical students’ cognition and emotion. Mindfulness training may impact cognition
and emotion through the improvement in mindfulness level, and may impact cognition
through the improvement in positive emotion.

Keywords: mindfulness-based training, higher education students, non-clinical population, emotion, sustained
attention, paired controlled design
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INTRODUCTION

Mindfulness practice, which initially arose 2,500 years ago in
eastern countries within the spiritual context of Buddhism
(Kabatzinn, 2003), was systematically and scientifically examined
by western scholars. Over the past decades, mindfulness practice
has become quite popular in various research areas, such as
psychology (Chambers et al., 2009; Chiesa et al., 2011), psychiatry
(Chiesa and Serretti, 2011; Am et al., 2015), immunology
(Chambers and Schauenstein, 2000), and neuroscience (Tang and
Posner, 2015; Wheeler et al., 2017). The benefits of mindfulness-
based trainings (MBTs) on physical, psychological and social
functions have been well documented in western nations (Chiesa
et al., 2011; Hülsheger et al., 2013). Mindfulness is commonly
defined as “paying attention in a particular way; on purpose,
in the present moment, and Non-judgmentally” (Kabatzinn,
2003). To some extent, “paying attention on purpose” coincides
with sustained attention, “in the present moment” coincides
with executive function, and “Non-judgmentally” coincides with
emotion regulation. Thus, the definition’s keywords point to
cognitive and emotional capacity training.

A growing body of robust evidence from researches has
demonstrated that MBTs are effective in improving a range
of cognitive outcomes in comparison to control conditions,
including sustained attention (Jha et al., 2007; Tang et al., 2007;
Lutz et al., 2009; Schmertz et al., 2009; Zeidan et al., 2010) and
executive functions (Diamond and Lee, 2011; Tang et al., 2012;
Moynihan, 2013; Lyvers et al., 2014). And a systematic review
of neuropsychological findings demonstrated the effect of MBT
on cognitive abilities (Chiesa et al., 2011). In Chambers’ study,
the MBT group’s overall reaction times (RTs) of the internal
switching task significantly improved from T1 to T2, whereas the
controls’ did not (Chambers et al., 2008).

Mindfulness have been shown to be effective in improving
emotional well-being. In China, rapid urbanization and
economic growth continue to negatively impact public mental
health (Gong et al., 2012; Zhong et al., 2017). Meanwhile,
both subjective self-reports and objective measurements of
physiological indicators have indicated that MBT can decrease
the intensity of emotional responses’ negativity (Arch and Craske,
2006) and increase emotional regulation ability (Chambers et al.,
2015; Wheeler et al., 2017). Mindfulness significantly mediated
the effects of MBTs on mental health outcomes, including
anxiety, mood states, negative affect and depressive symptoms
(z = 4.99, SE = 0.02, p < 0.001) in previous studies (Gu et al.,
2015). Those results were even observed in patients with
conditions such as Generalized Anxiety Disorder or depression
(Goldin and Gross, 2010; Chambers et al., 2015; Xu et al., 2015).

Although MBT has shown consistent efficacy for many
physical and mental disorders in western country, less attention
has been given to the possible benefits and feasibility that it
may have in Non-clinical population, especially in China (Tang
et al., 2007, 2009), the most populous eastern country in the
world. Application of MBT might take effect in Non-clinical
population as a tool for the reduction of stress, the improvement
of quality of life and prevention of mental disorders. Continuous
stress may lead to unproductive rumination that consumes

energy and strengthens the experience of stress itself (Trapnell
and Campbell, 1999), and too much stress can adversely affect
emotion (Allen et al., 2014) and cognition (Liston et al.,
2009; Wu et al., 2014). However, several reviews were found
about MBT in Non-clinical population. In the review about
Mindfulness-Based Stress Reduction (MBSR) for Non-clinical
individuals in 2014 (Manoj and Rush, 2014), only 17 articles
met the inclusion criteria and none of them focused on Chines.
A meta-analysis in 2009 found only ten studies published
before 2008 that focused on Non-clinical population (Chiesa and
Serretti, 2009), and still none of these researches focused on
Chinese volunteers.

Besides, mindfulness would be a more economical way to
support young people’s health, while participation in higher
education is growing among young people. 45.7% of young
people now enter higher education in Ministry of Education
of the People’s Republic of China (2018). Prevalence of
mental illness in undergraduates becomes higher after first-year
study (Macaskill, 2013). Thus, the higher education journey
provides a golden opportunity for prevention of mental illness
in young people.

In addition, although many research studies demonstrated in
the west that mindfulness can reduce anxiety, depression (Hoge
et al., 2013; Würtzen et al., 2013), insomnia (Ong et al., 2014), and
relieve chronic diseases (Bohlmeijer et al., 2010), few studies have
focused on the mechanisms of mindfulness and related studies
only appeared in recent years (Bailey et al., 2016; Brake et al.,
2016; Alsubaie et al., 2017; Lindsay and Creswell, 2017), and the
underlying mechanism for mindfulness remains unclear.

Emotion and cognition improvements are commonly known
as the outcomes of MBT; however, the roles they played during
MBT were rarely explored. The relationship between emotion
and cognition becomes a focus of research recently. In the
spatial orienting tasks, where there is a faster response to
targets appearing on the same side as an emotional cue (e.g.,
faces, spiders) and a slower response to those appearing on
the opposite side (Mogg et al., 1997; Armony and Dolan,
2002). Anatomically, the amygdala (modulate the function of
regions involved in early object perceptual processing) receives
visual inputs from ventral visual pathways and sends feedback
projections to all processing stages within this pathway (Eslinger,
1992). This finding may explain how pre-attentive processing of
emotional events influences and enhances perception. Besides,
Researches demonstrated that MBTs are effective in retrieval
of specific autobiographical memories (Williams et al., 2000),
a reliable cognitive marker of depression (Brittlebank et al.,
1993). All these findings have shown that there might be a
potential pathway of influencing cognition through emotion
(Dolan, 2002).

In light of existing research literatures and current research
needs, the present study attempted to: (a) determine the
effectiveness of a 12-week MBT in Chinese Non-clinical
population; (b) explore the potential pathway of mindfulness
training through the relationship between the mindfulness
level and cognition/emotion; (c) explore the potential pathway
of mindfulness training through the relationship between the
emotion and cognition.
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We hypothesized that: (a) the 12-week MBT would affect
Chinese Non-clinical higher education students’ cognition
and emotion, resulting in a significant increase in sustained
attention, executive function and positive emotion, as well
as decrease in negative emotion; (b) mindfulness training
may take effect through the potential pathway of influencing
cognition and emotion through the improvement in mindfulness
level; (c) mindfulness training may take effect through the
potential pathway of influencing cognition through the
improvement in emotion.

MATERIALS AND METHODS

Participants and Procedures
A paired control trial was used in this study. The study
was conducted aiming to investigate the effect of a MBT
program compared with a control group. Participants
were considered eligible if they met the following criteria:
(1) have no practice of any form of MBT; (2) over
18 years of age; (3) higher education student in Zhejiang
university; (4) ability to communicate independently and
understand tasks; (5) willing to participate in the research
and give informed consent. Exclusion criteria were: (1)
severe neuropsychological impairment; (2) psychosis or
dissociative disorders.

A total of 54 participants were recruited through a
voluntary research participation of Zhejiang University in
Hangzhou, China. All the 54 participants responded to the study
announcement and all the participants interested by the study
were included. Participants were matched by sex and age, after
which the paired two participants were randomly assigned to
mindfulness training group or control group. Randomization
function in Excel 2016 was used and performed by the principal
investigator prior to any contact with participants. Participants
in MBT group were asked to complete 12-week MBT, and
the participants in control group got brief poster about MBT.
Follow-up assessments were scheduled with the participants and
they were provided a reminder 1 week before. All participants
completed the first assessment, and 48 of them completed the
entire study (6 dropouts/11.1%). Six participants refused to
participate in the follow-up study.

The training lasted 12 weeks. The MBT course followed
the original MBSR structure. Demographic data, together with
information about mindfulness, emotion, sustained attention
and executive function were collected. Participants were assessed
at the recruitment baseline (T1), after 4-week training (T2),
after 8-week training (T3) and after 12-week training (T4)
(see Figure 1). The attendances of MBTs and measurements
were recorded, indicating that all the absences were due to
unavailable of schedule. Recruitment and assessment procedures
were conducted in the Zhejiang university. This study was carried
out in accordance with the recommendations of Institutional
Review Board of Zhejiang University. All subjects gave written
informed consent in accordance with the Declaration of Helsinki.

TZ enrolled participants and assigned participants to
intervention, JX generated the allocation sequence.

Mindfulness Training
The MBT delivered to the training group was modeled on Jon
Kabat-Zinn’s MBSR Curriculum, as described on the Palouse
Mindfulness website of Dr. Dave Potter, Certified MBSR Teacher.
The training’s content was rooted in an academic 12-week
mindfulness course’s curriculum designed by a University of
Massachusetts Center for Mindfulness-certified teacher. All
mindfulness lessons were conducted by the third author (AM),
who had 2 years of personal mindfulness practice and 6 months
of experience in leading a mindfulness continuing practice
group. The facilitator did not have a certification in mindfulness
teaching, but this situation is similar to the one of many teachers
delivering mindfulness training in schools or online (Napoli et al.,
2005; Mendelson et al., 2010; Cavanagh et al., 2013).

Table A1 outlines the content of the training. Exercises
included mindfulness meditation practice (body scan, breath
meditation, emotion and thought meditation. . .) as well as
mindfulness skills (Recognize, Allow, Investigate, Non-identify
(RAIN) technique. . .). Participants were encouraged to meditate
at least 5 times a week between 10 and 20 min. The
training group received MBT once a week and each session
lasted about 1.5–2 h. Participation in sessions and out-of-class
meditation was voluntary.

Measures
Mindfulness
The Mindful Attention Awareness Scale (MAAS) was used as
a dispositional measure of mindfulness. The MAAS is a 15-
item scale assessing the frequency of mindful states in day-
to-day life through the rating of both general and situation-
specific statements. Higher scores indicated higher individual
mindfulness level. The MAAS was shown to successfully report
changes in mindfulness levels after MBT in several studies
(Carlson and Brown, 2005; Shapiro et al., 2007). One previous
study measured the MAAS’s Cronbach’s alpha level at 0.87
(Morone et al., 2016). The Chinese version revised by Chen also
displays a high degree of validity with a Cronbach’s alpha level of
0.89 among Chinese participants (Chen et al., 2012). Cronbach’s
alpha for MAAS in this study was 0.88.

Sustained Attention
The Continuous Performance Test (CPT) was used to assess
sustained attention. CPT is a classical experimental paradigm
for measuring sustained attention. The CPT has shown validity
in different studies (Cornblatt et al., 1988; Berger and Cassuto,
2014; Junwon et al., 2015). In this task, participants were required
to monitor a single letter of visual and to respond when a
target stimulus occurred. The CPT was programmed in MATLAB
utilizing a Lenovo LXM-L17AB computer. The task consisted of
11 letters (40 pt) flashing on the center of a video monitor (a
25.8 × 34.4 cm screen) for 130 ms at the rate of 600 ms between
letters. The target was the letter X followed by the letter A. The
task involved pressing the space key when the target appeared
and avoiding responding to the other letter combinations (Klee
and Garfinkel, 1983). CPT-AX task was chosen and included
the capital letters A, B, C, D, E, F, G, H, J, L, X as stimulus.
The participant is asked to respond as quickly as possible when
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FIGURE 1 | Research procedures.

the letter ‘X’ is followed by the letter ‘A’. True positives, false
alarms and reaction time are recorded as dependent measures.
There is a total of 20 target sequences out of a total of 960 trials.
Each block contained 240 stimuli, and there were 4 blocks in
total. In addition, participants followed a practice program before
entering the formal experiment. Omission errors were scored for
each target missed, while commission errors were scored for a
response made to a Non-target stimulus (Klee and Garfinkel,
1983). Each experiment lasted for about 30 min.

Executive Functions
The Stroop is a classical experimental paradigm for measuring
executive function, which was programmed in E-prime utilizing
a Lenovo LXM-L17AB e computer with 17-inch color display

and resolution of 1024 × 768. The refresh rate was 75 Hz. The
stimulus were Chinese characters “ ”, “ ”, “ ”, “ ” (meaning
“red”, “yellow”, “blue”, “green,” respectively). The stimuli were
written in red, yellow, blue, green, respectively in congruent
situation, and they were written randomly in red, yellow, blue,
green in incongruent situation. The experiment consists of 4
blocks. Each block had 16 trials. The task involved judging the
color of the stimulus and press the corresponding key: F for “red,”
G for “yellow,” H for “blue” and J for “green.” Participants were
asked to respond accurately and quickly. Participants first gazed
to a cross ‘+’ for 800 ms, then the stimulus appeared for 150 ms,
and 1750 ms were left for the participant to respond. A two-block
practice program was available before the participant entered the
formal experiment. An accuracy rate above 90% only allowed
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participants to enter the formal experiment. The experimental
design balances variables such as consistency, color, prospective
memory stimuli, and so on. The distance between the subjects
and the monitor was about 60 cm, and all stimuli were presented
in the center of the display screen, on a black background. The
experiment was carried out in a soundproofed room and lasted
for about 5 min.

Emotion
The Profile of Mood States -Short Form (POMS-SF) was used
to measure emotion. The POMS-SF is a 30-item inventory
measuring current mood state through statement ratings (e.g.,
I feel calm) on a Likert scale (0–4). The questionnaire consists
of six subscales: “Tension-Anxiety (TA)”, “Depression-Dejection
(DD)”, “Confusion-Bewilderment (CB)”, “Fatigue-Inertia (FI)”,
“Anger-Hostility (AH)” and “Vigor-Activity (VA).” A total
negative mood score was calculated by subtracting the vigor scale
from the sum of the remaining subscales. The scale showed good
validity in related studies (Tang et al., 2007; Xu et al., 2015). The
Chinese version revised by Wang also displays a high degree of
validity with a Cronbach’s alpha level of 0.7∼0.9 in subscales
among Chinese participants (Wang and Lin, 2000). Cronbach’s
alpha for POMS-SF in this study was 0.90.

Data Analysis
Descriptive analyses, t-test and Chi-square test were used to
examine the group difference of basic characteristics. Linear
mixed models were performed to account for the training
effects. We fitted mixed-effects regression models for continuous
variables (CPT RT, Stroop RT, VA, and so on; effect size reported
in Cohen’s d) using baseline and 4th, 8th, and 12th week data.
We tested the training effect between the two groups, controlling
for sex, age and the baseline value of the outcome of interest.
The mixed-effects models contain both fixed and random effects,
with the fixed effects modeling treatment differences and random
effects accounting for intra-subject variability. The regression
models were conducted to explore the relationship between the
outcome of mindfulness on emotion/cognition and between the
outcome of emotion on cognition. Sex and baseline measure
of each outcome measure were used as covariates in regression
analyses. All analyses were implemented in SPSS.20.

Missing data were determined to be missing completely at
random (MCAR) and suitable for using mixed-effects models
analysis. We decided not to impute missing data to avoid
introduction of extra bias to the model.

RESULTS

Demographic and Functional
Characteristics Between Two Groups
The MBT group (n = 24, age = 24.13 ± 5.11) consisted of
18 females (75%) and 6 males. The control group (n = 24,
age = 24.25 ± 5.17) consisted of 16 females (66.7%) and 8
males. Demographic or baseline characteristics did not differ
between the two groups [age (t = 0.08, p = 0.933), sex (χ2 = 0.40,
p = 0.525), CPT hit rate baseline (t = 0.78, p = 0.970), CPT
RT baseline (t = 0.04, p = 0.441), Stroop RT baseline (t = 0.44,
p = 0.659), Stroop accuracy baseline (t = 1.41, p = 0.166), VA
baseline (t = 0.26, p = 0.800), Negative emotion baseline (t = 0.63,
p = 0.532), MAAS baseline (t = 1.17, p = 0.250) (see Table 1).

MBTs’ Effect on Cognition and Emotion
Table 2 presents results from the mixed models analyses.
There were interactions between time and group in CPT RT
[F(127.59) = 3.66, p = 0.014], VA [F(127.98) = 4.8, p = 0.003] and
MAAS [F(127.68) = 3.08, p = 0.03], indicating that participants
assigned to MBT group had a significantly greater reduction in
CPT reaction time, significantly greater improvement in positive
emotion and in MAAS than those assigned to control group
(see Figure 2). Main effect of group for VA [F(43.54) = 5.3,
p = 0.026] is significant, for CPT RT [F(44.24) = 3.86, p = 0.056]
and MAAS [F(44.62) = 3.65, p = 0.063] were marginal significant
(see Table 2). There were two main effects of time, for
Stroop RT and MMAS.

The Effect of Mindfulness Level
Predicted Change on Cognition and
Emotion
Regression model 1 and 7 were conducted to explore the
effect of group on cognition at T3 and T4. Regression model
2, 5, 8 11 were conducted to explore the effect of group on

TABLE 1 | Demographic and functional characteristics between two groups.

Baseline demographic characteristics MBT group (N = 24) M ± SD Control group (N = 24) M ± SD t /χ2 p

Female 18 (75%) 16 (66.7%) 0.40 0.525

Age 24.13 ± 5.11 24.25 ± 5.17 0.08 0.933

CPT hit rate baseline 0.96 ± 0.06 0.97 ± 0.03 0.78 0.970

CPT RT baseline 421.05 ± 79.17 420.27 ± 65.81 0.04 0.441

Stroop RT baseline 971.41 ± 355.63 1015.81 ± 337.17 0.44 0.659

Stroop accuracy baseline 0.93 ± 0.07 0.95 ± 0.06 1.41 0.166

VA baseline 14.25 ± 3.89 14.50 ± 2.83 0.26 0.800

Negative emotion baseline 59.08 ± 14.23 56.29 ± 16.43 0.63 0.532

MAAS baseline 56.67 ± 14.49 60.96 ± 10.76 1.17 0.250

MBT, mindfulness-based training; CPT, the continuous performance test; VA, vigor-activity; MAAS, mindful attention awareness scale.
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mindfulness level at T2 and T3. Regression model 3 and 9
were conducted to explore the effect of mindfulness level at
Tn and Group in predicting cognition at Tn+1 (1 < n ≤ 3).
Regression model 4 and 10 were conducted to explore the effect
of group on positive emotion at T3 and T4. Regression model
6 and 12 were conducted to explore the effect of mindfulness
level at Tn and Group in predicting positive emotion at Tn+1
(1 < n ≤ 3).

Regression model 1 was designed to estimate the effect of
Group in predicting CPT RT T3. The regression coefficient of
group in this model was−11.44, p = 0.541, F(3) = 7.60, R2 = 0.33,
p < 0.001 (see Table 3).

Regression model 2 and 5 was designed to estimate the effect
of Group in predicting MAAS T2. The regression coefficient of
group in this model was 3.00, p = 0.53, F(3) = 2.22, R2 = 0.08,
p = 0.101.

Regression model 3 was designed to estimate the effects of
MAAS T2 and Group in predicting CPT RT T3. The regression
coefficient of MAAS T2 in this model was 1.33, p = 0.027, of
group in this model was−16.92, p = 0.346, F(4) = 6.99, R2 = 0.37,
p < 0.001, suggesting that the MAAS at T2 could significantly
predict the CPT RT at T3.

Regression model 4 was designed to estimate the effect of
Group in predicting VA T3. The regression coefficient of group in
this model was 1.23, p = 0.210, F(3) = 1.63, R2 = 0.04, p = 0.198.

Regression model 6 was designed to estimate the effects of
MAAS T2 and Group in predicting VA T3. The regression
coefficient of MAAS T2 in this model was −0.08, p = 0.009, of
group in this model was 1.54, p = 0.095, F(4) = 3.41, R2 = 0.19,
p = 0.018, suggesting MAAS at T2 could significantly predict
the VA at T3.

The Effect of Positive Emotion Predicted
Change on Cognition
Regression model 13 and model 16 were conducted to explore
the effect of mindfulness level at Tn and Group in predicting
cognition at Tn+2 (1 < n ≤ 2). Regression model 14 and 17
were conducted to explore the effect of mindfulness level at Tn
and Group in predicting positive emotion at Tn+1 (1 < n ≤ 2).
Regression model 15 and 18 were conducted to explore the effect
of mindfulness level at Tn and positive emotion at Tn+1 in
predicting cognition at Tn+2 (1 < n ≤ 2).

Regression model 13 was designed to estimate the effect of
MAAS T1 and group in predicting CPT RT T3. The regression
coefficient of MAAS T1 in this model was 0.07, p = 0.93,
F(4) = 5.55, R2 = 0.31, p = 0.001 (see Table 4).

Regression model 14 was designed to estimate the effect
of MAAS T1 and group in predicting VA T2. The regression
coefficient of MAAS T1 in this model was 0.03, p = 0.519,
F(4) = 1.06, R2 = 0.01, p = 0.387.

Regression model 15 was designed to estimate the effects
of MAAS T1, VA T2 and Group in predicting CPT RT T3.
The regression coefficient of VA T2 in this model was 4.88,
p = 0.034, of MAAS T1 in this model was −0.24, p = 0.751,
F(5) = 5.35, R2 = 0.35, p = 0.001, suggesting that the VA at T2
could significantly predict the CPT RT at T3. TA
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FIGURE 2 | Comparison of cognition, emotion and mindfulness level during 12 weeks for the MBT and control group. Significance was found in The Continuous
Performance Test reaction time (CPT RT), Vigor-Activity (VA) and Mindful Attention Awareness Scale score (MAAS). Error bars indicate 1 SD.

TABLE 3 | Regression analysis showing the extent to MAAS predicted change on the outcome measures.

Model Dependent variable Independent variable B SE t p1 F df R2 p2

Model 1 CPT RT T3 Group −11.44 18.54 −0.62 0.541 7.60 3 0.33 <0.001

Constant 165.73 53.63 3.09 0.004

Model 2 MAAS T2 Group 3.00 4.74 0.63 0.530 2.22 3 0.08 0.101

Constant 40.23 11.78 3.41 0.002

Model 3 CPT RT T3 MAAS T2 1.33 0.57 2.31 0.027 6.99 4 0.37 <0.001

Group −16.92 17.73 −0.95 0.346

Constant 85.96 65.02 1.32 0.195

Model 4 VA T3 Group 1.23 0.97 1.27 0.210 1.63 3 0.04 0.198

Constant 11.20 2.14 5.24 0.000

Model 5 MAAS T2 Group 3.00 4.74 0.63 0.530 2.22 3 0.08 0.101

Constant 40.23 11.78 3.41 0.002

Model 6 VA T3 MAAS T2 −0.08 0.03 −2.77 0.009 3.41 4 0.19 0.018

Group 1.54 0.90 1.71 0.095

Constant 16.80 2.80 6.01 0.000

Model 7 CPT RT T4 Group −46.87 17.17 −2.73 0.009 9.08 3 0.37 <0.001

Constant 223.01 50.57 4.41 0.000

Model 8 MAAS T3 Group 5.66 2.71 2.09 0.043 4.64 3 0.20 0.007

Constant 41.48 6.75 6.15 0.000

Model 9 CPT RT T4 MAAS T3 −0.18 1.00 −0.18 0.857 6.28 4 0.35 <0.001

Group −44.14 18.76 −2.35 0.024

Constant 228.54 67.29 3.40 0.002

Model 10 VA T4 Group 3.97 1.17 3.39 0.002 4.62 3 0.20 0.007

Constant 8.79 2.63 3.34 0.002

Model 11 MAAS T3 Group 5.66 2.71 2.09 0.043 4.64 3 0.20 0.007

Constant 41.48 6.75 6.15 0.000

Model 12 VA T4 MAAS T3 0.10 0.06 1.60 0.118 4.27 4 0.24 0.006

Group 3.72 1.23 3.02 0.005

Constant 3.20 4.29 0.75 0.460

Model 1, using Group as a predictor for CPT RT T3; Model 2 and Model 5, using Group as a predictor for MAAS T2; Model 3, using MAAS T2 and Group as predictors
for CPT RT T3; Model 4, using Group as a predictor for VA T3; Model 6, using MAAS T2 and Group as predictors for VA T3; Model 7, using Group as a predictor for
CPT RT T4; Model 8 and Model 11, using Group as a predictor for MAAS T3; Model 9, using MAAS T3 and Group as predictors for CPT RT T4; Model 10, using Group
as a predictor for VA T4; Model 12, using MAAS T3 and Group as predictors for VA T4; Sex and baseline measure of each outcome measure used as covariates in all
analyses. p1, significance of the coefficient; p2, significance of the regression model. MAAS, mindful attention awareness scale; CPT RT, The continuous performance
test reaction time; VA, vigor-activity; T2, 4th week; T3, 8th week; T4, 12th week.

DISCUSSION

Based on eastern philosophy, mindfulness is becoming very
popular for individuals seeking mental health and well-being in
western countries. Although MBT has shown consistent efficacy
for many disorders in western population, less attention has

been given to the possible benefits that mindfulness may have in
Non-clinical population, especially in China, one of the biggest
countries in the eastern world.

This research mainly demonstrates that (a) a 12-week
MBT can effectively improve sustained attention and positive
emotion in Chinese Non-clinical population, (b) mindfulness
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TABLE 4 | Regression analysis showing the extent to positive emotion predicted change on cognition.

Model Dependent variable Independent variable B SE t p1 F df R2 p2

Model 13 CPT RT T3 MAAS T1 0.07 0.76 0.09 0.93 5.55 4 0.31 0.001

Group −11.33 18.83 −0.60 0.551

Constant 162.29 66.89 2.43 0.020

Model 14 VA T2 MAAS T1 0.03 0.05 0.65 0.519 1.06 4 0.01 0.387

Group 0.18 1.31 0.14 0.889

Constant 13.81 3.75 3.68 0.001

Model 15 CPT RT T3 VA T2 4.88 2.21 2.21 0.034 5.35 5 0.35 <0.001

MAAS T1 −0.24 0.74 −0.32 0.751

Group −14.72 18.07 −0.81 0.421

Constant 114.30 71.90 1.59 0.121

Model 16 CPT RT T4 MAAS T2 1.00 0.57 1.76 0.087 7.23 4 0.39 <0.001

Group −47.41 17.81 −2.66 0.012

Constant 155.28 66.40 2.34 0.025

Model 17 VA T3 MAAS T2 −0.08 0.03 −2.77 0.009 3.41 4 0.19 0.018

Group 1.54 0.90 1.71 0.095

Constant 16.80 2.80 6.01 0.000

Model 18 CPT RT T4 VA T3 −0.62 3.08 −0.20 0.841 5.63 5 0.37 <0.001

MAAS T2 0.95 0.63 1.50 0.143

Group −46.36 18.80 −2.47 0.019

Constant 166.25 86.53 1.92 0.063

Model 13, using MAAS T1 as a predictor for CPT RT T3; Model 14, using MAAS T1 as a predictor for VA T2; Model 15, using MAAS T1 and VA T2 as predictors for CPT
RT T3; Model 16, using MAAS T2 as a predictor for CPT RT T4; Model 17, using MAAS T2 as a predictor for VA T3; Model 18, using MAAS T2 and VA T3 as predictors for
CPT RT T4; Sex and baseline measure of each outcome measure used as covariates in all analyses. p1, significance of the coefficient; p2, significance of the regression
model. MAAS, mindful attention awareness scale; CPT RT, The continuous performance test reaction time; VA, vigor-activity; T2, 4th week; T3, 8th week; T4, 12th week.

training may take effect through the potential pathway of
influencing cognition and emotion through the improvement
in mindfulness level; (c) mindfulness training may take effect
through the potential pathway of influencing cognition through
the improvement in emotion.

The effect of MBT on cognition improvement is consistent
with previous studies (Davidson et al., 1976; Jha et al.,
2007; Schmertz et al., 2009; Zeidan et al., 2010; Lee and
Orsillo, 2014; Morone et al., 2016). Meditation training might
explain participants’ improved ability to focus, since meditation
instructs to focus attention on breath, body parts, sounds,
and Non-judgmentally come back to the object of focus when
noticing mind-wandering.

In this study, the MBT was able to significantly improve
participant’s positive emotion. This was consistent with previous
research showing that control groups experienced significant
drops in vigor and elevated levels of negative emotions compared
to MBSR participants (Rosenzweig et al., 2003). Mindfulness
practice may act as protective factor against the increased
fatigue associated with repeated measures, helping participants to
cultivate decreased emotional resistance and reactivity to present
feelings, open and curious attitudes toward present-moment
experience, and disengagement from rumination, a cognitive
process shown to increase work-related fatigue (Deyo et al., 2009;
Campbell et al., 2012).

The present findings of significant improvement in positive
emotions and sustained attention in Non-clinical population
offers new avenues for the application of mindfulness. The effects
of MBT on individuals suffering from a variety of illnesses, like

anxiety (Goldin and Gross, 2010; Mankus et al., 2013; Würtzen
et al., 2013), depression (Deyo et al., 2009; Würtzen et al., 2013),
chronic diseases (Bohlmeijer et al., 2010) and even cancer
(Würtzen et al., 2013) have been demonstrated. In regard to
Non-clinical individuals without obvious illnesses, however, this
study’s findings bring two contributions. Firstly, mental health
well-being rates may benefit from bringing clinical and Non-
clinical population together in MBT, while both of them would
benefit from MBT. In China, psychotherapy is underutilized
because of stigma (Brown et al., 2010; Yap and Jorm, 2011), and
treatment-seeking rates are less than 6% for common mental
disorders (i.e., mood and anxiety disorders) (Charlson et al.,
2016). Thus, mixing Non-clinical and clinical population in
MBT could increase mental health seeking behaviors by reducing
stigma. Secondly, stress is a pervasive issue in modern society
and has become a global public health problem (Romas, 2009).
Application of MBT might take effect in Non-clinical population
as a tool for stress reduction, improvement of psychotherapy
quality and prevention of mental disorders. Thus, MBT could
serve as a preventative therapy and reduce stress that leads to
unproductive rumination that consumes energy (Trapnell and
Campbell, 1999), and can adversely affect emotion (Allen et al.,
2014) and cognition (Liston et al., 2009; Wu et al., 2014).

Besides, we explored the potential pathway of mindfulness
and found that mindfulness training may take effect through the
potential pathway of influencing cognition and emotion through
the improvement in mindfulness level. It was in accordance
with the previous studies (Gu et al., 2015). This finding
provides evidence for exploring the mechanism of mindfulness
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training, which stressing the importance of mindfulness level
measurement. Further research could be refined to determine
which component of mindfulness work on these outcomes.
It might be the mindfulness attitude (such as acceptance) or
mindfulness related practice (such as body scanning). And, at
what point the component begins to take effect could also be
studied to further explore the mechanisms of mindfulness.

The results indicated that mindfulness training may take
effect through the potential pathway of influencing cognition
through the improvement in emotion, which was a complement
to the knowledge that rare studies have provided evidence
for the assumption that mindfulness may impact cognition
through emotion. Positive emotion at T2 could significantly
predict sustained attention at T3, but this relationship did not
exist in positive emotion at T3 and sustained attention at T4.
There are three possible reasons. Firstly, the reduced size of
the sample is one limitation. Secondly, the lack of follow-up
measurement making it difficult to assess if anything is happened
and maintained after the intervention. Thirdly, experimental
paradigms and cognitive indicators used in this study may not
be sensitive enough to indicated a stabilization trend, and the
experimental paradigms and cognitive indicators need to be
improved in the future. Nonetheless, the results of this research
partially support our hypothesis that mindfulness training may
take effect through the potential pathway of influencing cognition
through the improvement in emotion. Recent studies begin to
focus on the relationship between outcomes of mindfulness
training, but there is no direct evidence to support. Now we
could see the light of dawn on the horizon. Based on these
results of the pilot study, we could improve the study design and
measurements in the following research, and further verify our
experimental hypothesis in larger sample. The potential pathway
of mindfulness through the relationship between cognition
and emotion establishes a base from which further studies
could continue investigating the mechanisms for mindfulness.
Future research should extend this small body of evidence for
emotion as mechanisms.

The evidence of effectiveness of MBT was supported in
Chinese Non-clinical populations. Mindfulness originated from
eastern philosophy, but less attention has been given to
Chinese populations while China is the most populous eastern
country. The effectiveness of MBT in Chinese populations
can further extend the application of mindfulness. Besides,
there are many similarities between Chinese culture and
the concept of mindfulness. Further studies are necessary to
explore the difference of MBT effect between eastern and
western populations.

While the results of the study are promising, a couple
limitations should nonetheless be kept in mind. Firstly, a wait-
list condition would might be more effective to future studies.
Because the control group was not active, these results could be
partly explained by an effect related to the group intervention
setting (i.e., social support, shared positive emotions) and not
the mindfulness training itself. Secondly, there was no follow-up
measurement after the intervention program, making it difficult
to assess if anything is maintained after the intervention and

therefore, making it difficult to make interpretative hypothesis
related to a potential prevention effect of the program on
medium or long term. Thirdly, regarding validity, the size of
the participants’ sample was small and the ratio male/female,
reduced. Thus, further research should explore the significance
of a larger sample size. Fourthly, trainees’ mental health was
assessed as “Non-clinical” without use of formal scales for mental
health disorders before the study. Future studies could use scales
to ensure participants’ condition. Finally, no formal tracking of
trainee’s personal practice occurred. Yet, participants reported in
sessions practicing every week. Thus, this study’s results open
avenues of research regarding the feasibility and effectiveness
of mindfulness-based trainings adopting voluntary participation.
Besides, mindfulness serving as an effective self-help method
(Lever et al., 2014), more researchers are turning their attention
to web-based mindfulness trainings (Cavanagh et al., 2013;
Dimidjian et al., 2014), which involve reduced monitoring of
personal practice. Further research exploring the effectiveness of
MBT in China could have beneficial implications for the spread
of MBT among Chinese populations.
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APPENDIX

TABLE A1 | Description of 12-Week Mindfulness Training.

Week Topic Content

1 Mindfulness Introduction Introductions, training schedule; Exercise on recognizing auto-pilot and automatic thinking with
introduction to awareness of breath, body, and surroundings; Mindfulness definition and usual
misconceptions

2 Exploring Here and Now Introduction to Mindful Logs and Gratitude Journal; Mindful Eating: Raisin meditation; Intro to Body
Scan Meditation (BSM)

3 Mindful Yoga Introduction to Mindful Yoga, 40’ Mindful Yoga Session; Sharing of experience with BSM

4 9 Mindfulness attitudes 15-min BSM; Introduction to mindfulness’s 9 attitudes; 7-min MM on Emotions

5 Managing Stress and Difficult Situations 20 min MM on emotions; Introduction of RAIN Method; The Guest House Poem, from Rumi; 3-min
Breathing Space MM

6 Mindful Communication and Thought Management 15-min Body and Sound MM; Introduction to observation of and Non-identification to thoughts;
Introduction to identifying and overcoming obstacles to mindful communication; 8-min MM on
Sounds and Thoughts

7 Loving-kindness and Self-compassion 8-min MM on Sounds and Thoughts; Introduction to Loving-kindness and usual misconceptions;
10-min Loving-Kindness Meditation; Try being kind to oneself in difficult situation.

8 Living wholeheartedly 8-min MM on Sounds and Thoughts; Watching of “The Power of Vulnerability” from Brene Brown;
Discussion about mindfulness, vulnerability, compassion, connection and courage to face oneself
and others authentically; 10-min Mindful Walking Meditation

9 Tying concepts together 15-min Body and Breath Meditation; Review of all mindfulness concepts and attitudes, mind
management meditation; 15-min Mindful walking

10 6-h Silent Retreat in one of Hangzhou’s Yoga Centers Sitting meditation; Mindfulness Yoga; Body scan meditation; Mindful walking; Gratitude meditation

11 Using mindfulness at Work 15 min Mindful Walking; Open discussion on how mindfulness could be used in careers as a mean
of self-care and improved working environment

12 Keeping up with mindfulness training and conclusion Sharing of resources and tips for continued mindfulness practice; STOP method; Body scan
meditation

Encouraged Weekly Practice (EWP) in each week.
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