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A B S T R A C T   

Rumination is an important etiological factor of anxiety pathology, with its mechanism related to the deficit of 
working memory. The current study examined whether working memory training (WM-T) and emotional 
working memory training (EWM-T) could reduce rumination in anxious individuals. The participants with high 
trait anxiety underwent 21 days of mobile applications-based WM-T (n = 34), EWM-T (n = 36) or placebo control 
(n = 36), with questionnaires, cognitive tasks, and resting electroencephalogram (EEG) as the pre-post-test in-
dicators. The results revealed that two training groups obtained comparable operation span increases (WM-T: d 
= 0.53; EWM-T: d = 0.65), updating improvement (WM-T: d = 0.43; EWM-T: d = 0.60) and shifting improve-
ment (WM-T: d = 0.49; EWM-T: d = 0.72). Furthermore, compared to the control group, the EWM-T showed 
significant self-reported rumination reduction (d = 0.69), increased inhibition ability (d = 0.72), as well as 
modification of resting EEG microstate C parameters (Duration C: d = 0.42, Coverage C: d = 0.39), which were 
closely related to rumination level (r ~ 0.4). The WM-T group also showed the potential to reduced self-reported 
rumination (d = 0.45), but with the absence of the observable inhibition improvement and resting EEG changes. 
The correlation analysis suggested that the emotional benefits of WM-T depending more on improved updating 
and shifting, and that of EWM-T depending more on improved inhibition ability. The advantage to add emotional 
distractions into general working memory training for targeting rumination related anxiety has been discussed.   

1. Introduction 

Rumination is defined as a maladaptive responding to distress such 
that individuals compulsively and continuously consider their disturb-
ing symptoms and their causes and consequences while restricting the 
initiative to solve problems (Nolen-Hoeksema and Morrow, 1991) . 
Rumination has long been understood as an important etiological vari-
able of depression (Nolen-Hoeksema et al., 2008). However, a more 
recent view holds that rumination is a vital transdiagnostic factor in all 
emotional disorders (Drost et al., 2014; McLaughlin and Nolen- 
Hoeksema, 2011), especially for anxiety pathology (Blagden and 
Craske, 1996). Empirical evidence suggests that rumination tendency is 
associated with self-reported generalized anxiety symptoms (Fresco 
et al., 2002; Harrington and Blankenship, 2002), post-traumatic stress 
(Clohessy and Ehlers, 1999; Mayou et al., 2002; Nolen-Hoeksema, 
1991), and social anxiety (Mellings and Alden, 2000). Further, rumi-
nation has been shown experimentally to generate anxious affect 

(McLaughlin et al., 2007), and longitudinal studies have indicated that 
the increased risk for the development of anxiety can largely be attrib-
utable to worry and brooding rumination (Michl et al., 2013; Spinhoven 
et al., 2015). 

Research on rumination-related cognitive mechanisms has suggested 
that impaired working memory may play a central role in forming this 
undesirable coping style. As an active information processing system 
with limited capacity, working memory is distinguished from short-term 
memory by involving the executive functions, namely the inhibition, 
shifting, and updating to makes the information flexible yet resistant to 
interference (Baddeley, 2003). High rumination is remarkably related to 
damaged working memory, especially when negative information is 
involved (De Lissnyder et al., 2012a, 2012b; Joormann and Gotfib, 
2008), and low working memory captivity has been found underlie 
uncontrollable perseverative thinking that characterizes anxiety-related 
disorders (Yoon et al., 2018). Indeed, theories of attentional control and 
anxiety have suggested that the impairment in attentional control, 

* Corresponding author at: Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences No 16 Lincui Rd Chaoyang District, Beijing 
100101, China. 

E-mail address: lixb@psych.ac.cn (X. Li).  

Contents lists available at ScienceDirect 

NeuroImage: Clinical 

journal homepage: www.elsevier.com/locate/ynicl 

https://doi.org/10.1016/j.nicl.2020.102488 
Received 30 September 2020; Accepted 26 October 2020   

mailto:lixb@psych.ac.cn
www.sciencedirect.com/science/journal/22131582
https://www.elsevier.com/locate/ynicl
https://doi.org/10.1016/j.nicl.2020.102488
https://doi.org/10.1016/j.nicl.2020.102488
https://doi.org/10.1016/j.nicl.2020.102488
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nicl.2020.102488&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


NeuroImage: Clinical 28 (2020) 102488

2

which extensive conceptually and functionally overlaps with working 
memory (Engle and Kane, 2004), can contribute to the development and 
maintenance of anxiety (Berggren and Derakshan, 2013; Eysenck and 
Derakshan, 2011). It seems that impaired working memory would dis-
empower the capableness of removing distracting negative information 
from working memory, thus circumscribe the possibilities to encode new 
information that was helpful to mood improvement, and thereby exac-
erbating worry and anxiety (Hirsch and Mathews, 2012; Whitmer and 
Banich, 2007). A clinically significant suggestion then emerged that 
whether it is possible to reduce rumination and related anxiety symp-
toms by improving one’s working memory ability. 

Klingberg (2010) has indicated that the working memory capacity of 
individuals is not constant and can be improved by training. Given the 
foundation role of working memory for various advanced cognitive 
functions (von Bastian and Oberauer, 2014), the benefits of training are 
not only limited to the memory capacity itself but can be transfer to 
distant fields such as fluid intelligence (Au et al., 2015; Jaeggi et al., 
2008) and more relevant to our concern, emotional fields, such as 
facilitating emotional execution (Schweizer et al., 2011, 2013); 
improving affective processing (Li et al., 2016), enhancing self- 
regulation (De Putter et al., 2015; Xiu et al., 2016, 2018), and promot-
ing mood states (Pan et al., 2018; Takeuchi et al., 2014). Particularly, a 
few studies have dealt with the effects of working memory training on 
rumination (Onraedt and Koster, 2014; Wanmaker et al., 2015), but 
failed to find positive effects of working memory training on self- 
reported rumination level. 

Insufficient training dose, high drop-out rate and small sample sizes 
may partly explain the null results in these studies (von Bastian and 
Oberauer, 2014). But when reducing rumination was targeted, another 
key factor of training that has been overlooked by previous studies is the 
affective material involvement during training paradigm (Pan and Li, 
2017). As mater as fact, affective disorder is more characterized by 
negative cognitive bias and executive control defects of negative infor-
mation compared to general cognitive deficits (Joormann and Gotfib, 
2008; Li et al., 2005). Rumination, typically referring to the persistent 
negative thinking, is more closely related to emotion working memory 
(De Lissnyder et al., 2012a, 2012b). Schweizer et al. (2011) once indi-
cated that only emotional working memory with negative materials as 
updating materials can modulate affective executive control. Therefore, 
increasing emotional distraction in working memory training may be 
critical if rumination related benefits are to be expected. 

The internal mechanism for the benefits of working memory training 
lies in the plasticity of the brain (Takeuchi et al., 2017). Bunches of 
studies have shown that working memory training can alter the func-
tional brain network such as facilitating the frontoparietal connectivity 
(Jolles et al., 2013; Langer et al., 2013; Takeuchi et al., 2013) and 
decrease the activity of the default mode network (DMN) (Jolles et al., 
2013; Takeuchi et al., 2013), which can be closely implicated with 
rumination processing. Indeed, researches have suggested that the 
production of rumination was associated with abnormal connections 
between the frontal lobe and the DMN (Hamilton et al., 2015). Pre-
frontal regions such as dorsolateral prefrontal cortex (DLPFC) were 
considered to play a key role in rumination control to DMN nodes such 
as the anterior cingulate cortex (ACC) and hippocampus (Ferdek et al., 
2016). Considering the rumination level is typically obtained via ques-
tionnaires, which can be restricted by various subjective confounding 
factors (Kircanski et al., 2015), observing the alternation in rumination- 
related brain networks, rather than simply self-reported change associ-
ated with working memory training can be greatly valuable. 

Although functional magnetic resonance imaging (fMRI) is 
commonly used to investigate the resting functional network, EEG is also 
suitable for exploring large-scale brain networks and further providing a 
unique approach to examine the fast-frequency synchronized neuronal 
activity. In contrast, the coarse temporal resolution of fMRI (about 10 s) 
is difficult to be compatible with the rapid accumulation of instant 
cognitive shifting characterized by rumination in the sub-second time 

scale (Bressler and Tognoli, 2006), thus making the EEG as a better 
choice for the interest of this study. Specifically, transient (at durations 
of ~ 100 ms) and recurring patterns of electrical activity, topographi-
cally distributed over the entire electrode array, are termed “micro-
states” (Lehmann, 1971). With the advantages of higher temporal 
resolution of EEG, microstate analysis offers the opportunity to examine 
the shortest constituting elements of cognition and the dynamic signa-
ture of distribution brain network (Van De Ville et al., 2010). Using 
modified pattern classification algorithms, four microstate classes 
(labeled as class A, B, C and D), which could explain about 80% of the 
total EEG data variance, have been consistently identified in different 
studies with notable similarity across subjects (Khanna et al., 2015). 
Concurrent EEG-fMRI studies have suggested that each microstate class 
is closely related with different large-scale resting-state networks ob-
tained from blood oxygen level dependent (BOLD) signals (Britz et al., 
2010; Yuan et al., 2012). Though neither the prefrontal system nor the 
DMN has perfect counterparts in the EEG microstate class, the micro-
state C, which is correlated with positive BOLD activations in the ACC, 
bilateral inferior frontal gyri, as well as right insula (Britz et al., 2010), is 
closely related to core node of rumination. Several studies have indi-
cated that microstate C represents the switching between central- 
executive function and the DMN (Santarnecchi et al., 2017; Sridharan 
et al., 2008), which is essentially overlapped with the brain represen-
tation of rumination generation and control (Ferdek et al., 2016). 

Still, as with most brain network studies, the association between 
specific neural parameters and individual phenotypes is not always 
absolute mapping. Through repeated measurements (pre - and post- 
tests) provided by longitudinal intervention study however, it is 
possible to establish the reliability of the correlation between specific 
network parameters (i.e., microstate C related parameters) and the in-
dividual phenotype (i.e., rumination level), thus from another perspec-
tive, find a valid neural representation related to anxious rumination. 

In general, this study aims to investigate the effects of working 
memory training, especially the training with emotional distractions 
add-in on rumination reduction of anxious individuals. We designed a 
dual-n-back working memory training based on mobile applications 
(APP), which including an emotional version and a non-emotional 
version. Participants with a high level of trait anxiety needed to com-
plete a 3-week training or control program. Behavioral tasks closely 
related to working memory including operation memory span, updating, 
shifting, and inhibition tasks were collected at pre- and post-training 
stages as indexes of basic training effectiveness. Regarding rumination 
(our primary concern), self-reported questionnaires were collected 
before and after training, as well as one month follow up after the end of 
training. The microstate parameters of resting EEG were also analyzed as 
the indicators of dynamic brain network before and after training, in 
which we are particularly concerned the relationship between micro-
state C and rumination as well as how it is mediated by working memory 
training. We hypothesize that a) working memory training can bring 
near transfer effects for anxious individuals and improve performance 
on behavioral tasks related to working memory; b) the training can 
reduce rumination in anxious individuals, reflecting in the self-reported 
measures as well as auxetic parameters of microstate C, which would be 
correlated with subjective rumination level; c) compared with that of the 
non-emotional one, the effect of emotional working memory training on 
rumination may be stronger. 

2. Methods 

2.1. Participants 

Individuals with a high level of trait anxiety were screened from a 
large sample of 978 students in Beijing using the Chinese version of the 
Spielberg Trait Anxiety Inventory (STAI-T; Shek, 1993; Spielberger 
et al., 1983). According to the scoring criteria suggested by previous 
literature (e.g., Gu et al., 2010), individuals who scored in the top 20% 
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of the total sample were considered as high trait anxiety participants. In 
our sample, this cut-off score was 50, which is approximately one 
standard deviation above the standardized norm of STAI-T among Chi-
nese undergraduate students (43.31 + 9.20; Li and Qian, 1995). The 
general sample size was pre-evaluated through power analysis using 
G*Power 3.1. Based on previous studies in which working memory 
training achieved significant neurological (i.e., EEG) changes (Langer 
et al., 2013; Sari et al., 2016) and observable emotion-related benefits 
(Takeuchi et al., 2014; Xiu et al., 2016, 2018), where the averaged effect 
size was d ~ 0.72. Calculations indicated that this would require at least 
24 participants in each group to achieve 80% power. Considering that 
intervention training has a certain drop-out rate, especially involving 
highly anxious individuals (e.g., 20.11% in Wanmaker et al. (2015)’s 
work), and the need to distinguish the benefit differences among three 
groups, the sample size should be increased appropriately. One hundred 
and thirty participants were recruited to take part in, and were randomly 
divided into three groups (WM-T, EWM-T, Control). During the experi-
ment, 4 participants in the control group did not return to the laboratory 
for post-test within the prescribed period, 8 participants in the WM-T 
group did not complete the 3-week training within the prescribed 
period, and 12 participants in the EWM-T group did not complete the 
3-week training within the prescribed period. Ultimately, seventy par-
ticipants (36 in Control, 34 in WM-T and 36 in EWM-T) completed all the 
assigned experimental procedures and were included in the final anal-
ysis. The participants were explicitly told that they would undergo a 
cognitive exercise, which might improve one’s specific cognitive func-
tions, but our adaptive version’s effects are not yet proven. However, the 
potential emotional benefit brought by training was not disclosed 
because subjective emotional report may be susceptible to the in-
dividual’s response tendency. 

For individuals in the control group, they were aware of that they 
were on a waiting list (for a cognitive training), but they also did not 
know that current study would focus on the emotional benefits of WM-T. 
Three groups did not differ from each other on either STAI-T, age, years 
of education and gender ratio, see Table 1 for detailed demographic 
information. The intervention study had a relatively long period and was 
completed by two batches of participants with a time interval of about 6 
months. Nevertheless, their recruitment sources and the experimental 
procedures were completely same, and there was no systematic differ-
ence on pre-test indicators for the two waves of data. The research was 
approved by the ethics committee of the Institute of Psychology at the 
Chinese Academy of Sciences and was carried out in accordance with the 
approved guidelines. Participants were compensated 300 RMB for their 
participation. 

3. Materials and tasks 

3.1. Self-report scales 

Participants completed the Chinese version of Spielberg Trait Anxi-
ety Inventory and Ruminative Responses Scale (RRS; Nolen-Hoeksema, 
1991; Xiu, 2009) at pre and post intervention in the laboratory. STAI-T 

comprises 20 items scored on a four-point Likert-type response scale, 
assessing the tendency of individuals to experience stress, worry, and 
discomfort. The Chinese version of STAI-T used in our study has 
demonstrated good internal consistency (Cronbach alpha = 0.89), and 
can be used as a reliable assessment tool measuring trait anxiety in the 
Chinese culture (Shek, 1993). RRS consists of 22 items scored on a four- 
point Likert-type response scale, including three factors of symptom 
rumination, brooding, and reflective pondering. RRS Chinese version is 
appropriate for assessing rumination in Chinese colleges (Xiu, 2009), 
and has good internal consistency in our samples (Cronbach alpha =
0.76). 

4. Cognitive tasks 

The cognitive tasks conducted in this study were integrated into our 
independently developed android APP. These tasks can examine work-
ing memory operational span and executive function on the individual 
level, including updating, inhibition, and shifting. 

In the operation span task, participants were asked to remember the 
targeted letters (the storage component) while solving arithmetic op-
erations (the processing component), and the average number of hits 
was calculated for the operational span. In the running memory task, 
participants were required to recall the last series of items (e.g., the last 4 
items) in an indefinite number of memory sequences, and the mean hit 
rate represents task performance. In the numerical Stroop Task, the 
numerical Stroop effect was calculated by the reaction time difference of 
baseline (e.g., judging the number of “XXX”) and conflict stages (e.g., 
judging the number of “3333”). The smaller the Stroop effect size, the 
stronger the inhibition function to task-irrelated attributes. In the nu-
merical shifting task, the shifting cost was the average reaction differ-
ence between the baseline stages (in which participants made a 
numerical magnitude judgment and a parity judgment separately) and 
the shifting stage (in which participants judged whether to make a nu-
merical magnitude judgment or a parity judgment based on the color of 
the number). The lower the shifting cost, the stronger the shifting abil-
ity. For the detailed task description and related animation of these task, 
see supplemental materials. 

5. Resting EEG recording 

Participants were under EEG data recording in a quiet electromag-
netic shielding chamber. The EEG was recorded during the task with 
NeuroscanAynamp2 Amplifier. A 64 Ag-AgCl electrodes cap (NeuroScan 
Inc., Herndon, VA, USA) was placed on the scalp according to the 
extended International 10/20 system. The EEG activity was recorded 
using a right mastoid reference electrode and re-referenced off-line to 
bilateral mastoid average. All electrode impedances were maintained 
below 10 KΩ. EEG activity was amplified with an AC 0.05–100 Hz band- 
pass and continuously sampled at the rate of 500 Hz. The resting EEG 
was recorded for 8 min in total, such that the participants’ eyes closed 
for 4 min and eyes opened for 4 min. During the recording process, the 
participants were asked to sit quietly and relax, avoid thinning about 
specific events, especially those that evoke their emotions, and avoid 
excessive eye movements. The specific instructions were as follows: 
next, we will record your brain wave (electroencephalogram) in the 
resting state. Please sit in a relaxed position, do not think about specific 
life events, to avoid emotional ups and downs in the recording process. 
Try to keep a blank state of mind, and all you need to do is sit quietly, 
relax and open or close your eyes according to the audio prompts. Keep 
your head still while recording. When you open your eyes, you can focus 
on the fixation “+” in the center of the screen and you shall also mini-
mize eye movement when you close your eyes. 

6. Adaptive dual dimension n-back training 

Referring to the previous training design (Pan et al., 2018; Schweizer 

Table 1 
Demographic information of Participants (Mean (SD)).   

WMT (n =
34) 

E-WMT(n =
36) 

Control(n =
36) 

F /χ2 p- 
value 

Age(years) 21.12(1.89) 21.86 (2.36) 20.94(2.21)  1.80  0.170 
Gender (male 

%) 
30.4% 34.8% 34.8%  0.04  0.92 

Education 
(years) 

15.29 
(1.74) 

16.19 (2.17) 15.86 (2.40)  1.59  0.209 

STAI-T score 53.82 
(7.57) 

57.67(7.83) 56.78(6.65)  2.01  0.109 

WMT = Working Memory Training group; E- WMT = Emotion Working Memory 
Training group. 
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et al., 2011), a new type of dual dimension n-back training based on 
smartphone APP was designed in this study. 

Basically, the training task required the participants to remember the 
color (red, green, yellow, or blue) and position (3*3 matrix) of the Color 
block, and judge whether the color and position of the current block was 
the same as the forward nth character, in which “n” represents the 
working memory load as well as performance level. The training was 
progressive and adaptive. For each participant, task difficulty dynami-
cally changes depending on their working performance. Every single 
day, participants at training groups were required to complete 30 
training blocks (each block consistent of 20 + n trials) for about 40 min. 
Between any two blocks, the participants can have a rest. After the daily 
training was completed, a training report would be presented, including 
whether the participant completed the 30 training blocks or not and the 
highest training level of the day. Participants were asked to train for 21 
days within a month, and could not pause for more than a week. There 
were 2 versions of the training, that is, the typical working memory 
training (WM-T) and emotional working memory training (EWM-T). The 
only special feature of the EWM-T was that its memory materials were 
not pure color blocks, but dyed emotionally negative faces. Specifically, 
twelve faces of fear, anger, disgust, and sadness (half male and half fe-
male) were selected from the Chinese Facial Affective Picture System 
(CFAPS; Gong et al., 2011), then was dyed in red, green, yellow, and 
blue. In the EWM-T, 192 (12 × 4 × 4) color faces were used as updating 
materials, while its rules and operations were completely consistent 
with the WM-T. The training diagram is shown in Fig. 1. Detailed 
training task description can be found in online supplementary 
materials. 

7. Procedures 

All participants had the same pre- and post-test procedures. The pre- 
test was carried out in the laboratory. They first filled in the informed 
consent form and self-assessment questionnaires. After preparation, EEG 
recordings were performed1. Subsequently, cognitive tasks integrated in 
APP, including short-term memory tasks, operation span task, running 
memory task, shifting task, and Stroop task were needed to be completed 
for about 30 min. 

After all the pre-test evaluations were completed, participants were 
randomly grouped by drawing lots. The participants in the two training 
groups were given the training APP and corresponding training pass-
word. The training requirements were then demonstrated carefully to 
ensure that the participants can fully understand. Participants were 
required to complete 21 days of training within the next four weeks and 
send the screenshots and summary reports (generated by the APP if the 
training was done) of training day through WeChat. Each week, the 
experimenters gave training compensation and answered the training- 
related questions. 

For the control group, the participants did not receive APP training 
but were recommended several WeChat subscriptions related to psy-
chological knowledge. They also maintained a similar frequency of on-
line communication with the experimenters via a WeChat group, in 
which the experimenter would post self-help psychoeducational articles 
and answer questions related to psychology once a week. They were 
provided the training app after the current study was all complete. 

After one month (28–30 days), all participants returned to the lab-
oratory for the post-test. The items and sequence of the post-test were 
consistent with that of the pre-test. 

8. EEG data analyses 

8.1. Preprocessing 

EEG data were processed using EEGLAB (Delorme and Makeig, 
2004), an open-source toolbox running under the MATLAB environ-
ment. Continuous EEG data were band-pass filtered between 0.1 and 45 
Hz. Data portions contaminated by eye movements, electromyography 
(EMG), or any other non-physiological artifacts were corrected using the 
Blind Source Separation (BSS) algorithm (Jung et al., 2000). The data 
were referenced to average and segmented into epochs with a length of 
2000 ms. EEG epochs contaminated by strong muscle artifacts and with 
amplitude values exceeding ± 100 μV at any electrode were rejected. 
There was no significant difference in the removed epoch number 
among the three groups or between the pre-test and the post-test 
recording. The eye-open and eye-closed data were combined for 
further analysis to simplify the dependent variable of cognitive training. 
During recoding, the eye-open and eye-closed epochs were equal. After 
pre-processing, there was also no significant difference in the pro-
portions of eye-open/eye-closed epochs included in each group and 
between the pre - and post-test (ps > 0.7). 

9. Microstate analysis 

The microstate analysis was performed for combined EEG signals 
with eyes-open and eyes-closed time periods using the EEGLAB micro-
state plugin (Poulsen et al., 2018). Firstly, the EEG signals were digitally 
band-pass filtered between 2 and 20 Hz as suggested by previous studies 
(Lehmann et al., 2005; Schlegel et al., 2012). The global field power 
(GFP) (which refers to the EEG potential variance across scalp elec-
trodes) were then calculated for each time point (Lehmann and Skran-
dies, 1984). Since the EEG time points contained GFP maxima were 
considered to having a relatively high signal/noise ratio (Brunet et al., 
2011), the topographies at peaks of GFP were extracted and further 
analyzed as the best representative topographies. 

Here, the microstate analyses were based on the Topographic 
Atomize & Agglomerate Hierarchical Clustering (T-AAHC) algorithm, 
which was operated in a bottom-up manner wherein the number of 
clusters is initially large and progressively diminishes and could dras-
tically reduce the computational efforts (Brunet et al., 2011). Generally, 
the analyses consist of the following steps. First, the representative to-
pographies of each subject are submitted to the T-AAHC algorithm to 
identify individual microstate maps, in which the pre-setting of the 
number of clusters is unnecessary, and the polarity of each map is dis-
regarded. It starts out with all remained EEG samples having their own 
cluster and then one cluster is removed at a time. Each iteration of the 
algorithm consists of finding the “worst” cluster, and then remove 
(atomise) it and reassign each of its members to the cluster they are most 
similar to. This process is then continued until only two clusters 
remaining. The “worst” cluster is defined as the cluster with the lowest 
sum of correlations between its members and prototype (Khanna et al., 
2014). Then, computation of mean microstate class maps (group/second 
level clustering) was conducted by not a simple averaging, but a 
permute and average loop that optimizes the order of microstate classes 
in the individual datasets for maximal communality before averaging. 
Here, we mainly estimated four microstates since that has been reported 
as the most common (Khanna et al., 2014) and reproducible (Khanna 
et al., 2015; Michel and Koenig, 2018) for resting EEG signals. Besides, 
the Krzanowski-Lai (K-L) criterion (Tibshirani and Walther, 2005) also 
suggested 4 clusters might optimally describe the current data (4.01 ±
0.37 clusters). After a meaningful ordering (the labels A-D are in 
accordance with the previous literature) of the obtained mean micro-
state class maps, each original map (continuous signal rather than only 
GFP peaks) was assigned to one of the ordered mean microstate class 
maps using maximum spatial correlation coefficient between the tested 
original map and the group-level microstate maps as a criterion. As a 

1 In the original experiment procedure, resting EEG and spatial 2-back task 
EEG were recorded. However, due to some technical problems, part of the data 
of spatial 2-back was not available, so it was no longer analyzed and reported. 
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result, each epoch was re-expressed as an alternating sequence of mi-
crostates. During this procedure, a temporal smoothing (window half- 
size 30 ms), a Besag factor of 10 and a rejection of small-time frames 
(when < 30 ms) were applied (Murray et al., 2008). 

Given the 3 (WM-T, EWM-T, Control) × 2 (pre-test, post-test) design, 
the above procedure was performed three each group and two test pe-
riods, respectively. The variance of EEG activity explained by all four 
microstates (global explained variance, GEV) for each group-time 
combination would be reported. 

To evaluate the topographic differences of the microstate classes (A, 
B, C, and D) among the three groups (WM-T, EWM-T, Control) in two 
time conditions (Pre-test vs. Post-test), the topographic analysis of 
variance (TANOVA) was implemented using Ragu (Koenig et al., 2011). 
TANOVA utilizes randomization statistics to test the magnitude of the 
difference between two groups of maps against the null hypothesis that 
the assignment of maps to groups is random (Koenig and Melie-Garcia, 
2009), which provides an ideal method to test topographical difference 
between groups and topographical changes with time. 

To quantify the microstates, for the microstates of each participant, 
the following three parameters were computed: (1) the duration of a 
microstate was defined as the average duration (in milliseconds) of 
continuous EEG time series of specific microstate configuration, i.e., the 

average time for each map to be present before transitioning to another 
map. (2) the occurrence rate of a microstate was defined as the number 
of occurrences of a given microstate class per second; (3) the time 
coverage of a microstate computed as the percentage of occupied total 
analysis time for a given microstate class. These three parameters could 
assess the mean duration, occurrence frequency per second, and time 
coverage of certain underlying large-scale brain networks during 
resting-state, respectively (Jia and Yu, 2019; Khanna et al., 2015). 

9.1. Statistical analysis 

Univariate ANOVAs were firstly performed on all the pre-test in-
dicators to check the baseline differences among the three groups. We 
then conducted a correlation analysis among the pre-test indexes to 
exploratorily search for potential neural (EEG microstate) indicators 
relating to rumination. For training individuals, daily training data were 
collected to see how participants’ training performance changed over 
time. The differences in training progress between the two training types 
were tested to examine the heterogeneity of training. 

Two-way ANOVAs were performed for all the evaluation indexes, 
including self-report measurements, cognitive tasks and EEG microstate 
parameters. Each ANOVA contained one between-subject factor for 

Fig. 1. Training task diagram. The training task required the participants to remember the color (red, green, yellow, or blue) and position (3 × 3 matrix) of the Color 
Block, and judge whether the color and position of the current block was the same as the forward nth character, in which “n” represents the working memory load. 
The upper part represents WMT in level 2, and the lower part represents EWM-T in level 3, in which the color squares are replaced by color faces. In each trial, the 
Color Block was presented for 500 ms and was followed by a blank screen presented for 2500 ms. A completed training block contained 20 + n trials. The trials 
targeted at color and position were randomly assigned within 4–6 trials to reduce participants’ propensity to guess. The n-back level of training is adaptive to in-
dividual performance. Each training day contained 30 training blocks. The complete training program included 21 training day. (For interpretation of the references 
to color in this figure legend, the reader is referred to the web version of this article.) 
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group (Control/WM-T/EWM-T) and one within-subject factor for time 
(Pre-test/Post-test). If the interaction between groups and time were 
significant, the post-hoc t test on the difference scores (pre-/ post-test) 
were performed among three groups (WM-T vs Control & EWM-T vs 
Control & WM-T vs EWM-T). The Partial Eta-Squared (ηp

2) was computed 
for ANOVAs to estimate the effect size of F tests and Cohen’s d (d) was 
reported as the effect size evaluation of T-tests. 

Finally, we conducted a correlation analysis among the indexes 
which showed significant changes in the training group compared with 
the control group from previous analyses, in order to examine how 
cognitive improvements brought by training predicted emotional 
benefits. 

Given the existence of four parallel microstates (A-D) and multiple 
behavior indicators with the potential problem of multiple comparisons, 
we conduct FDR correction for p-values clusters according to Benjamini 
and Yekutieli (2001) ’s method by Groppe (2020)’s MATLAB script. The 
adjusted p-value was served as the basis for hypothesis testing, and was 
reported. 

10. Results 

10.1. Baseline inspection 

For each indicator of the pre-test, we conducted the difference test 
between the three groups, including subjective questionnaires, cognitive 
task performance, and EEG indexes. We did not find any inter-group 
difference among all these pre-test indicators (p > 0.1), indicating that 
there was no bias in the randomized grouping. 

11. Rumination related parameters 

The correlation analysis on pre-test rumination and other indicators 
indicated an intriguing relationship between subjective rumination level 
and microstate parameters. Specifically, the duration and contribution 
of microstate C were negatively correlated with RRS scores (for duration 
r = -0.42, p(fdr-adjusted) = 0.021; for contribution r = -0.39, p(fdr-adjusted) =

0.032), see Fig. 2. No other significant correlation coefficients related to 
rumination were revealed. The correlation matrix for all indicators is 
available in supplementary materials (Table S1). 

12. Training progress 

For 70 participants undergoing working memory training, their 
optimal daily training level was recorded and analyzed as the indicator 

of training progress. In general, both the WM-T and EWM-T had similar 
training starts and achieved similar training improvements. See Fig. 3 
for the progress of their optimal training level in the 21-day training. 
Besides, for the two training groups, a) Maximum Training Level (MTL, 
the highest level of training attained in 21-day training) and b) Average 
Training Level (ATL, the average of the optimal levels of 21 training 
days) were calculated respectively for difference test. There was no 
significant difference between two groups in MTL t(68) = 0.46, p =
0.644 (WM-T, M = 6.12, SD = 1.72; EWM-T, M = 5.94, SD = 1.45) and 
ATL t(68) = 0.67, p = 0.506 (WM-T, M = 4.56, SD = 1.23; EWM-T, M =
4.39, SD = 1.00). 

13. Self-report scales 

We found a significant main effect of time on STAI-T (F (1, 103) =
24.40, p < 0.001, ηp

2 = 0.192) and on RRS (F (1, 103) = 45.15, p < 0.001, 
ηp

2 = 0.305). Remarkably, we found a significant time by group inter-
action on RRS (F (2, 103) = 6.39, p = 0.002, ηp

2 = 0.111). The post hoc 
analyses on the rumination reduction (i.e., the difference score between 
Pre-test RRS and Post-test RRS) indicated that compared to the Control 

Fig. 2. Correlation scatter plot of microstate C parameters and RRS scores. The duration and Coverage of microstate C were negatively correlated with RRS scores. 
Reported p values were FDR adjusted. 

Fig. 3. The progress curve of WM-T and EWM-T during 21 days. The optimal 
level (n-back level) of daily training was recorded and analyzed as the indicator 
of training progress. The improvement curves of the two training groups were 
similar. After single day of training, the average training level of WM-T was 
2.64(SD = 0.59), and that of EWM-T was 2.55(SD = 0.60). After the complete 
training program (21 days later), the average training level of WM-T was 5.91 
(SD = 1.37), and that of EWM-T was 5.63(SD = 1.02). There were no differ-
ences between the two groups. The error lines represent the standard deviation 
of the training level of different individuals. 
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group, the WM-T group showed small to moderate effect on RSS 
reduction (t(68) = 1.96, p = 0.050, Cohen’s d = 0.45), while the EWM-T 
showed moderate to large effect on RSS reduction (t(70) = 3.24, p =
0.001, Cohen’s d = 0.69). The RRS reduction difference between the 
WM-T group and EWM-T was at marginal level (p = 0.062). See Fig. 4 for 
the RRS scores of each group at pre/post tests and the group comparison 
on RRS reduction. 

14. Cognitive tasks 

We found significant time by group interactions in operation span 
task (F (2, 103) = 3.89, p = 0.025, ηp

2 = 0.063). The post hoc analyses on 
the operation span increases (i.e., the post training performance minus 
that at pre-test) indicated that compared to the Control group, both the 
WM-T group and the EWM-T group showed moderate effect on span 
increases (for WM-T vs Control, t(68) = 2.21, p = 0.030, Cohen’s d =
0.53), for EWM-T vs Control, t(70) = 2.76, p = 0.010, Cohen’s d = 0.65), 
with two training groups showed no difference on span increases (p =
0.880). See for Fig. 5a. 

We found significant time by group interactions in numerical 
running memory task (F (2, 103) = 3.46, p = 0.035, ηp

2 = 0.063). The 
post hoc analyses on the updating increases (i.e., the post training 
running memory accuracy minus that at pre-test) indicated that 
compared to the Control group, both the WM-T group and the EWM-T 
group showed moderate effect on updating improvement (for WM-T 
vs Control, t(68) = 2.02, p = 0.047, Cohen’s d = 0.43), for EWM-T vs 
Control, t(70) = 2.55, p = 0.013, Cohen’s d = 0.60), with two training 
groups showed no difference on updating accuracy increases (p =
0.830). See for Fig. 5b. 

We found significant time by group interactions in numerical shifting 
task (F (2, 103) = 5.72, p = 0.004, ηp

2 = 0.100). The post hoc analyses on 
the shifting improvement (i.e., the pre shifting costs minus that at post 
training test) indicated that compared to the Control group, the WM-T 
group showed small to moderate effect on shifting improvement (for 
WM-T vs Control, t(68) = 2.03, p = 0.045, Cohen’s d = 0.49), the EWM-T 
group showed moderate to large effect on shifting improvement (for 
EWM-T vs Control, t(70) = 3.14, p = 0.002, Cohen’s d = 0.72). EWM-T 
group showed trendily greater shifting improvements (p = 0.179). See 
for Fig. 5c. 

We found significant time by group interactions in numerical Stroop 
task (F (2, 103) = 5.56, p = 0.005, ηp

2 = 0.097). The post hoc analyses on 
the inhibition improvement (i.e., the pre Stroop conflict minus that at 
posttest) indicated that compared to the Control group, only EWM-T 
group showed moderate to large effect on inhibition improvement (for 
EWM-T vs Control, t(70) = 3.59, p = 0.001, Cohen’s d = 0.73). The WM- 

T group showed no significant effect on inhibition improvement 
compared to the Control (t(70) = 0.52 , p = 0.608). EWM-T group 
showed significant greater inhibition improvements than WM-T group 
(p = 0.012). See for Fig. 5d. 

15. EEG microstate results 

Fig. 6 shows the topographies of the four microstate classes for the 
pre-test and post-test among three groups, which highly resemble those 
obtained in previous researches. Each microstate was labeled in the 
same rule as in previous works: (1) class A and class B had a right frontal 
to left occipital orientation and a left frontal to right occipital orienta-
tion, respectively; (2) class C and class D had symmetric topographies, 
but prefrontal to occipital orientation and frontocentral to occipital 
orientation were observed, respectively. The four microstate classes (A- 
D) accounted for>75 percent of the data variation (i.e., global explained 
variance, GEV) for each group/time dataset (WM-T Pre: 77.45 ± 2.99%, 
WM-T Post: 77.90 ± 2.86%; EWM-T Pre: 78.14 ± 3.01%, EWM-T Post: 
78.45 ± 3.01%; Control Pre: 77.87 ± 2.93%, Control Post: 76.93 ±
3.03%). Two-way ANOVAs (Time: pre/post × Group: WM-T/ EWM-T 
/Control) revealed neither significant main effect nor interaction effect 
on GEV (Fs < 1), suggesting no differences for these group/time datasets 
on the explained variance by the four class. 

TANOVA revealed that for each class, there were no significant dif-
ferences in microstate topographies among three groups at both Pre-test 
and Post-test (ps > 0.05), and no significant difference on the pre-post 
comparisons for each group (ps > 0.05). 

For the training related alteration, we found a significant time by 
group interaction on the duration of Microstate C (F (2, 103) = 3,47, p =
0.035, ηp

2 = 0.063). The post hoc analyses on Microstate C duration in-
crease indicated that only the EWM-T group showed the significant 
increasing Microstate C duration compared to the Control group (t(70) 
= 2.56, p = 0.012, Cohen’s d = 0.42). Similarly, the time by group 
interaction on the coverage of Microstate C was also significant (F (2, 
103) = 4.99, p = 0.008, ηp

2 = 0.088). EWM-T group showed an increasing 
Microstate C coverage compared to the control, (t (70) = 3.51, p =
0.001, Cohen’s d = 0.39). See the illustration on Fig. 7. 

No other microstate parameters show a significant interaction be-
tween groups and time. The descriptive statistics of the four microstates 
duration of the three groups in the pre- and post- test are shown in 
Table 2. 

16. Correlation analysis of training benefits 

We analyzed the correlation between training benefits for all trainers 

Fig. 4. The self-reported questionnaires changes among the three groups. The left half shows the RRS scores reported by different groups of participants at Pre-test 
and Post-test, with the red dots representing the Mean and the gray shadows representing the standard deviations. The right part shows the group comparison of RRS 
difference scores between Pre- and Post-tests (i.e., RRS reduction). The EWM-T group showed the greatest RRS decrease, while the WM-T group also had some effect 
compared with the control group. The error bars of the right part represent 95% confidence interval, **: p < 0.01. (For interpretation of the references to color in this 
figure legend, the reader is referred to the web version of this article.) 
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(both WM-T and EWM-T) and for each training group separately to 
clarify the benefit path of working memory training on emotion 
improvement. The benefits indexes included decreased rumination 
scores (Pre RRS – Post RRS), improved operational memory span (Post span 
– Pre span), improved updating (Post running memory ACC – Pre running memory 

ACC), improved shifting (Pre shifting cost – Post shifting cost), improved 

inhibition (Pre Stroop cost – Post Stroop cost) and increased Microstate C 
parameter (Post duration C – Pre duration C, Post occupation C – Pre occupation C). 
For the WM-T group, the decrease of rumination was related to the 
improved updating (r (34) = 0.32, p = 0.046) and improved shifting (r 
(34) = 0.36, p = 0.038); while in the EWM-T group, the ruination 
reduction was related with improved inhibition (r (36) = 0.50, p =

Fig. 5. The cognitive performances change in the three groups. a) operation span task, the left half shows the operational span of each participant at Pre-test and 
Post-test, the right part shows that WM-T and EWM-T groups showed significant increases on operation span, indicating the improvement of working memory span; 
b) numerical running memory task, the left half shows the running memory accuracy (%) of each participant at Pre-test and Post-test, the right part shows that WM-T 
and EWM-T groups showed significant increased running memory ACC, indicating the improvement of updating ability; c) numerical shifting task, the left half shows 
the shifting cost (ms) of each participant at Pre-test and Post-test, the right part shows that WM-T and EWM-T groups showed significant shifting cost reduction or the 
shifting ability improvement, with the EWM-T having more pronounced effect; d) numerical Stroop task, the left half shows the Stroop conflicts (ms) of each 
participant at Pre-test and Post-test, the right part shows only EWM-T group showed significant decreases on Stroop conflict cost, indicating the inhibition 
improvement of EWM-T. For the left panel, the red dots represent the Mean and the gray shadows represent the standard deviations, for the right panel, error bars 
represent 95% confidence interval, ns: non-significant, *:p < 0.05, **: p < 0.01. (For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.) 
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0.002) and was co-varied with Microstate C duration increases (r (36) =
0.52, p = 0.001). Besides, the inhibition increases and the Microstate C 
duration increase was also correlated (r (36) = 0.53, p = 0.001). 

In addition, even the training did not directly modulate the trait 
anxiety, the reduced anxiety was significantly correlated with the RRS 
reduction for both groups (WM-T: r(34) = 0.38, p = 0.029; EWM-T: r 
(36) = 0.47, p = 0.004), suggesting the indirect role of training on 
anxiety release. 

17. Discussion 

In this study, we investigated the effects of working memory training 
(WM-T) and emotional working memory training (EWM-T) on cognitive 

function, rumination, and EEG Microstates alteration in individuals with 
a high level of trait anxiety. Remarkable near transfer effects were 
observed, with the WM-T group showed significant improvement in the 
memory span, updating and shifting performance, and the EMM-T group 
showed additional improvements in inhibition. Subjective rumination 
was decreased in both training groups with the EWM-T group showing a 
more pronounced effect. Further, only the EWM-T group showed sig-
nificant modifications of rumination-related resting EEG parameters. 
Specifically, we observed an increased duration of the microstate C in 
the EWM-T group, which was correlated with the subjective rumination 
level and can be a reliable neural index of rumination. Beyond our hy-
potheses, we found that similar emotional benefits in the two groups 
may have come from different pathways. The increase in ability to 

Fig. 6. The four microstate classes labeled A–D for the pre/post-tests among three groups. Class A had a right frontal to left occipital orientation; Class B had a left 
frontal to right occipital orientation; Class C had prefrontal to occipital orientation; Class D had frontocentral to occipital orientation. The polarity of each map is 
disregarded. The four microstate classes accounted for>75 percent of the data variation (GEV) for each group/time dataset (WM-T Pre: 77.45 ± 2.99%, WM-T Post: 
77.90 ± 2.86%; EWM-T Pre: 78.14 ± 3.01%, EWM-T Post: 78.45 ± 3.01%; Control Pre: 77.87 ± 2.93%, Control Post: 76.93 ± 3.03%), with no significant group/time 
differences. TANOVA also revealed no significant differences in microstate topographies among three groups at both Pre-test and Post-test (ps > 0.05), and no 
significant difference in the pre-post comparisons for each group (ps > 0.05). 

Fig. 7. The microstate C parameters change in the three groups. Only the EWM-T group showed the increased microstate C duration and coverage, which were 
correlated with the self-reported rumination. For the left panel, the red dots represent the Mean and the gray shadows represent the standard deviations, for the right 
panel, error bars represent 95% confidence interval, ns: non-significant, ns: non-significant, **: p < 0.01. (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 
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updating and shifting via general working memory training was asso-
ciated with a decrease in rumination in the WM-T group, while the 
improvement of inhibition task performance particularly observed in 
the EWM-T group was correlated with rumination reduction in this 
group, suggesting that the rumination-related benefits of EWM-T may 
have come from the additional enhanced inhibition function as a result 
of the unique design of our emotion working memory training. 

Considering that working memory is the basis of various advanced 
cognitive functions (Baddeley, 2003), it is not surprising that the 
transfer effect from working memory training on other cognitive func-
tions is widespread and profound. Consistent with previous reports, the 
near transfer effect, such as updating and shifting, were facilitated by 
training in this study (e.g., Sari et al., 2016; for review, see Melby-Lervag 
and Hulme, 2013; von Bastian and Oberauer, 2014). Our main finding is 
that maladaptive rumination, which has been associated with deficit 
working memory and cognitive control (De Lissnyder et al., 2012a; 
Derakshan and Eysenck, 1998; McLaughlin et al., 2007) and as one of 
the most critical causes of emotional disorders (McLaughlin and Nolen- 
Hoeksema, 2011), can be reduced by WM-T, especially the WM training 
with additional emotional distraction (i.e., EWM-T). 

Previous studies have presciently examined the effect of working 
memory training on self-reported rumination, but most of them reported 
negative results (Onraedt and Koster, 2014; Wanmaker et al., 2015). In 
our opinion, the longer training cycles (compared with previous studies) 
and mobile APP design in the current study ensure a higher level of 
training integrity and stronger motivation, which may be the reasons for 
the stronger and more robust experimental effects observed in this 
study. Indeed, extensive training dose and high training involvement are 
critical to experimental effect production, especially when the far 
transfer effect is expected (von Bastian and Oberauer, 2014). Besides, 
the adaptive training difficulty in the current training paradigm allowed 
participants to maintain high cognitive challenges individually, which 
can be an important factor to expand the training benefits and produce 
further effect transfer. According to our observation, the reduction of 
rumination was related to improved updating and shifting via general 
working memory training. This longitudinal evidence suggests that 
working memory ability can causally affect one’s rumination level, 
which consistent with the conclusions of many cross-sectional studies 
showing that the close relationship between cognitive control and 
maladaptive rumination (De Lissnyder et al., 2012a; Derakshan and 
Eysenck, 1998; McLaughlin et al., 2007). 

Nevertheless, it is important to note that although the decline in 
subjective reported rumination was observed in both training groups, 

the EWM-T group showed a more significant effect compared with the 
general WM-T. Besides, the changes in resting brain activity associated 
with rumination (especially increased duration and coverage of micro-
states C) were visible only in the EWM-T group. Several studies have 
suggested that class C is a predominant microstate class in healthy adult 
subjects during eyes-closed relaxation, and this class might be associated 
with a relaxed idling state (Kikuchi et al., 2011; Koenig et al., 2002). It 
proved to be quite sensitive to task manipulation, showing significantly 
decreased duration, coverage, and occurrence during the task condition 
compared to rest (Seitzman et al., 2017). The increased resting-state 
microstate C duration among EWM-T individuals may imply their less 
mental (inner) manipulation required by ruminative processing. 
Nevertheless, microstates and their corresponding functional systems 
shall be inconclusive and complex. Some studies suggested that class C 
can be related to attention shifting and cognitive control (Muller et al., 
2005; Santarnecchi et al., 2017), given that synchronous EEG and fMRI 
recording showing the class C is associated with regions that are part of 
the default mode and cognitive control systems, like ACC, bilateral 
inferior frontal gyri, and insula (Britz et al., 2010; Seitzman et al., 2017). 
Indeed, individuals with severe cognitive deficits, such as autism and 
dementia have also been found to have reduced microstate C duration or 
overall loss of microstate C (e.g., Grieder et al., 2016; Jia and Yu, 2019). 
In our study, the phenomenon that the increase of microstate C duration 
was co-variated with inhibitory enhancement and rumination reduction 
in EWM-T, in which holds higher affective-attention control re-
quirements, may also imply a potential relationship between microstate 
C and cognitive control. Interestingly, other cognitive interventions 
(Santarnecchi et al., 2017) and exercises (Spring et al., 2017) resulted in 
a similar increase in microstate class C. Examining the consistency 
mechanisms among these interventions may help us better understand 
the implications of microstate C. 

Along with the extra neurological change, the unique correlation 
between inhibition improvement and rumination reduction in the EMW- 
T group also suggests that emotional working memory training takes 
advantage of additional active ingredients to reduce rumination. Pre-
vious studies have found that the cognitive control abnormalities asso-
ciated with rumination are often emotion-specific, reflecting an inability 
to control negative distractions from working memory (De Lissnyder 
et al., 2012a, 2012b; Joormann and Gotfib, 2008). In our EWM-T, the 
stimuli being used were negative colored faces. This makes it necessary 
to carry out additional cognitive control on these negative distractions, 
such as to suppress the interference of irrelevant information and to 
overcome the attention bias to negative stimuli. Distinguished with 

Table 2 
Microstate parameters summary among three groups in pre- and post- tests.     

Class A Class B Class C Class D    

Mean SD Mean SD Mean SD Mean SD 

Duration(ms) Control Pre Test  68.03  6.72  65.20  6.77  71.05  10.19  69.75  8.08   
post Test  71.16  10.79  67.31  9.92  70.25  9.03  71.65  10.56  

WM-T Pre Test  66.17  8.80  66.43  10.10  69.21  8.93  67.73  9.10   
post Test  70.93  13.39  65.48  7.94  70.11  7.94  69.59  13.23  

EWM-T Pre Test  67.69  7.38  66.74  7.13  70.02  9.56  68.57  12.57   
post Test  66.56  12.46  64.91  9.39  74.29  9.88  65.89  9.12  

Occurrence/s Control Pre Test  3.76  0.66  3.66  0.46  3.60  0.46  3.87  0.58   
post Test  3.69  0.64  3.81  0.40  3.48  0.58  3.76  0.75  

WM-T Pre Test  3.67  0.58  3.86  0.49  3.81  0.49  3.79  0.70   
post Test  3.62  0.60  3.73  0.48  3.61  0.59  3.84  0.52  

EWM-T Pre Test  3.69  0.52  3.72  0.54  3.73  0.85  3.83  0.53   
post Test  3.66  0.46  3.80  0.56  3.83  0.53  3.88  0.72  

Coverage (%) Control Pre Test  25.15  4.91  23.54  4.46  25.28  4.44  26.23  4.49   
post Test  25.47  4.47  25.13  4.47  24.07  4.45  26.42  5.26  

WM-T Pre Test  24.64  4.37  23.54  4.46  25.28  4.45  26.23  4.92   
post Test  24.78  5.25  25.13  4.47  24.07  4.52  26.42  5.26  

EWM-T Pre Test  23.84  3.74  24.96  4.85  24.11  3.54  26.50  5.39   
post Test  24.78  5.18  23.96  4.37  27.22  4.59  24.43  5.69  
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previous emotional working memory training procedure (Schweizer 
et al., 2011, 2013), in which negative materials were set as memory 
targets, our design requires participants to focus on the non-emotional 
aspects of the material, including colors and positions, while ignoring 
or suppressing the influence of emotional attributes. This emphasized 
the inhibitory and attention control component and of emotion working 
memory training. Correspondingly, in the EWM-T group, the decreased 
Stroop conflict (i.e., improved inhibition) was positively related to 
decreased rumination, suggesting that the decline in ruminative 
thinking has partly come from improved attention control. 

Indeed, although inhibition control is usually functionally concom-
itant with working memory (Engle and Kane, 2004) and is embodied in 
the extended framework of central executive function, the inhibition 
process and working memory can be psychologically distinct (Friedman 
and Miyake, 2004). The transfer effect of working memory training to 
inhibition control might be inaccessible (Melby-Lervag and Hulme, 
2013), but still observable when additional distraction is included (Wei 
et al., 2017), which is pretty consistent with the current data (no inhi-
bition improvement in the WM-T group, but the EWM-T group). A 
previous study showed that the positive control training with only one- 
back load but containing negative distraction materials (reflecting a 
certain amount of inhibition component) could also bring mood 
improvement (de Voogd et al., 2016). As a matter of fact, the inhibition 
function can be independently associated with rumination (Joormann 
and Gotlib, 2010; Joormann, 2006; Whitmer and Banich, 2007; Zetsche 
and Joormann, 2008; Zetsche et al., 2012) and is considered to be 
another basis of rumination generation (Espie et al., 2012; Roger et al., 
2011). Therefore, the improvement of inhibitory ability may be a 
plausible mechanism path for rumination-related transfer of emotional 
working memory training. The unique inhibitory benefit, specific neural 
changes, along with the relatively pronounced effect on subjective 
rumination reduction in the EWM-T group, suggest that our novel design 
of WM training with affective disturbance (i.e., EWM-T) might be a more 
advantageous intervention than general WM training specifically tar-
geted on anxious rumination. 

18. Limitation 

Caution needs to be expressed is that the training statistically 
affected more on rumination, rather than anxiety mood itself. The 
decline of self-reported trait anxiety in training groups did not signifi-
cantly differ with the control group. The possible reason is that instead 
of just waiting, individuals in the control group received some psycho- 
educational articles during the placebo period, which may help them 
improve their mood. Besides, anxiety symptom can be a far transfer 
aspect for the working memory training. In our data, reduced anxiety in 
the training groups was closely associated with changes in rumination, 
suggesting that modulated rumination level might be one of the reasons 
for the relief of anxiety. But the insignificant differences in anxiety 
changes compared to the control group reminders us that cognitive 
training cannot be a panacea. Especially when discussing its potential 
emotional benefits (such as to reduce anxiety), cognitive-emotional 
mediators shall be crucial. 

Another important limitation of this study is that the association 
between EEG microstate parameters and ruminant thinking was not 
directly proven. Although we found a significant negative correlation 
between microstate C duration and self-reported rumination, and the 
EWM-T group showed covariant microstate C duration increase and 
rumination decrease, the self-report measurement here (i.e., RRS) re-
flected individuals’ general propensity to ruminate, rather than as an 
assessment of rumination during a specific recording. The absence of the 
evaluation of state rumination during resting state limited the direct 
proof of the relationship between EEG microstate and corresponding 
ruminative activity. In addition, the results that correlation between the 
change in microstate C and the change in self-reported rumination was 
not significantly also indicated the connection between microstate C and 

rumination needs to be examined in a more sophisticated way, for 
example, including performing the validated psychometry of state 
rumination (e.g., Marchetti et al., 2018) or conducting rumination task 
with EEG recording (e.g., Blackhart and Kline, 2005). Still, interpreta-
tion of the functional meaning of a specific microstate can be quite 
challenging. 

Technically, to reduce the complexity of statistics, we combined the 
data of eyes-open and eyes-closed EEG periods for analysis. It is 
important to note, however, the EEG microstate parameters for these 
two conditions (especially in the alpha band) can be very different, so it 
might be difficult to compare our results with those of studies that 
examine only one condition (only eyes-open or eyes-closed), or to make 
relevant inferences about cortical and subcortical neural activity un-
derlying the microstates. Besides, our data filtered out the high- 
frequency EEG signal given the alpha band is the most common focus 
of resting EEG microstate studies. However, this operation ignored the 
possibility of potential high-frequency modulations caused by inter-
vention, which requires further examination. 

Finally, in the current study, participants who received the inter-
vention were those university students with high trait anxiety. The ef-
fects of identical training on diagnosed patients with a broader age range 
remain to be verified. Indeed, it is necessary to modify cognitive training 
to accommodate the specific population. Future researches are expected 
to explore these aspects. 

19. Conclusion 

The current study has found that working memory training can 
reduce subjective rumination in individuals with trait anxiety, which is 
correlated with improved updated and shifting ability via general 
training. Further, working memory training with emotional interference 
material can additionally improve one’s inhibition and change the mi-
crostates C parameters that might associate with rumination control, 
also showed a more prominent effect of reducing subjective rumination. 
These suggest that working memory training, especially the emotional 
working memory training, has the clinical potential to reducing rumi-
nation and symptoms of anxiety. 
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