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Abstract

Mindfulness increases the true memory of emotionally positive stimuli and reduces the
negative ones, and enhances false memory. Additionally, few researches have observed a
higher false memory of negative critical lures (CLs) compared with positive CLs (i.e., the
valence effect). As a consequence, this study examines whether and how trait mindfulness
associates with the false memory of emotional words based on their valence values.
Chinese-English bilinguals completed the Mindfulness Awareness Attention Scale (MAAS)
and participated in a Deese—Roediger—McDermott (DRM) word recognition task in first (L1)
as well as second (L2) and cross-language conditions to examine whether the similar effect
would be hold in the language that is less emotionally charged. In the Chinese (L1) context,
although valence effect did not emerge, trait mindfulness was associated with false
recognition of positive, but not with negative CLs. These results suggested that people with
high trait mindfulness, through the greater awareness to the positive experience, increased the
weight of gist trace in the memory process and, therefore, generate more positive false
recognition. Furthermore, this memory bias could be one of the reasons that trait mindfulness
associates to less depression and stress and higher well-being. On the contrary, the valence
effect emerged, but was not related with trait mindfulness in the English (L2) condition. These
unexpected results in the L2 condition are explained by the decoupling of valence and arousal
for unbalanced bilinguals, and neutralization of trait mindfulness mainly acted on arousal but

not on the valence aspects of emotion.
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1. Introduction

1.1 Mindfulness and the alteration of emotional information processing

The concept of mindfulness originates from Buddhism and is a method to cease mental defilements. In
modern psychology, mindfulness is often defined as "paying attention in a particular way: on purpose, in the
present moment, and non-judgmentally” (Kabat-Zinn, 1990). Mindfulness can be viewed as a mental state
attained through practice and a personal disposition in daily life (Brown & Ryan, 2003). Several
mindfulness-related scales have been established to measure the psychological constructs of mindfulness (Baer,
Smith, & Allen, 2004; Baer, Smith, Hopkins, Krietemeyer, & Toney, 2006; Brown & Ryan, 2003). Although the
constructs among these scales are not identical, two essential components are proposed: (1) self-regulation of
attention to observe experiences moment by moment and (2) a non-judgmental and acceptive attitude toward the
current experience (Bishop, Lau, Shapiro, Carlson, Anderson, Carmody, & Devins, 2004).

The literature suggests that trait mindfulness and mindfulness-based training (MBT) are associated with the
enhancement of psychological well-being (Brown & Ryan, 2003; Nyklicek & Kuijpers, 2008; Shapiro, Carlson,
Astin, & Freedman, 2006). A possible mechanism is that mindfulness may alter the processing of emotional
materials. Higher trait mindfulness was observed to be related to fewer negative automatic thoughts (Frewen,
Evans, Maraj, Dozois, & Partridge, 2008), and a psychophysiological study revealed that amygdala reactivity
was positively and negatively related to depressive symptoms and trait mindfulness, respectively (Way, Creswell,
Eisenberger, & Lieberman, 2010).

Brief MBT has been related to the deactivation of self-referential default mode network (DMN) regions and
the deactivation amygdala, suggesting reduced reactivity and enhanced insula activation that indicates altered
interoception (Farb, Anderson, Mayberg, Bean, McKeon, & Segal, 2010; Farb, Segal, Mayberg, Bean, Mckeon,
Fatima, & Anderson, 2007; Goldin & Gross, 2010; Goldin, Ramel, & Gross, 2009; Zeidan, Martucci, Kraft,
Gordon, McHaffie, & Coghill, 2011). For instance, participants with social anxiety disorder (SAD) were
presented with positive and negative social trait adjectives and then asked to judge whether they considered these
traits to describe them (Goldin et al., 2009). When viewing positive traits, mindfulness-based stress reduction
(MBSR) training resulted in reduced activity in DMN regions, indicating less self-referential thinking; however,
when viewing negative traits, MBSR training led to increased visual attention, suggesting less avoidance of
negative traits. Additionally, Goldin and Gross (2010) observed that participants with SAD that had received
MBSR training exhibited reduced amygdala reactivity to negative self-beliefs while focusing on their breath;
however, the amygdala reactivity was initially increased then quickly dissipated when they were not focused on
breathing. Compared with the baseline, the SAD participants also shifted away from the anterior midline cortical
and other DMN regions; this indicated reduced self-referential thinking.

1.2 Mindfulness and emotional true memory

In addition to the processing of emotional information, MBT has demonstrated an overall positive effect on
long-term memory (Lykins, Baer, & Gottlob, 2012), autobiographical memory specificity (Heeren, van Broeck,
& Philippot, 2009; Williams, Teasdale, Segal, & Soulsby, 2000), and episodic memory sensitivity (Brown,
Goodman, Ryan, & Analayo, 2016). Studies have investigated whether a brief mindfulness induction or
short-term MBT can modify individuals' memory of emotional materials (Alberts & Thewissen, 2011;
Roberts-Wolfe, Sacchet, Hastings, Roth, & Britton, 2012). People usually report that emotionally charged
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experiences are easier to recall than neutral events (Choi, Kensinger, & Rajaram, 2013; Hamann, 2001;
Kensinger, & Corkin, 2003; Kensinger & Schacter, 2006). Therefore, the rationale shared by Alberts and
Thewissen (2011) and Roberts-Wolfe et al. (2012) is that because mindfulness (i.e., either trait or training) can
alter individuals' processing of emotional information (e.g., through reduced neural activity toward emotional
stimuli), this alteration may indicate downstream effects on the memory of emotional materials.

According to this logic, Alberts and Thewissen (2011) delivered a 12-minute mindfulness induction to
nonclinical participants. They subsequently issued a verbal recall task in which positive, negative, and neutral
words were presented before the follow-up free recall. In comparison with the participants in the control group,
those receiving the mindfulness induction recalled a lower proportion of negative words. Moreover, this effect
was limited to negative words, and no difference in the proportion of positive words was found between the
control and mindfulness induction groups. According to Alberts and Thewissen (2011), this phenomenon
suggests that nonjudgmental attitude cultivated through mindfulness may neutralize the negative valence of a
stimulus.

Roberts-Wolfe et al. (2012) conducted a similar study in which nonclinical participants participated in a
word recall task, mood and anxiety questionnaire, and psychological well-being scale before and after 12-week
MBT. Their results indicated that although the participants in MBT and control groups exhibited no difference on
pretests and posttests, the participants in the MBT group recalled a greater number of emotionally positive words
in the posttest than the pretest. On the basis of Schroevers and Brandsma (2010), Roberts-Wolfe et al. (2012)
suggested that the increased positive and decreased negative memories may be related to the two components of
mindfulness, attention regulation and nonjudgmental attitude, respectively. In Schroevers and Brandsma (2010),
the participants completed a positive and negative affect schedule, Mindful Attention Awareness Scale (MAAS),
two subscales of the Kentucky Inventory of Mindfulness Skills (KIMS), and two subscales of the
Self-Compassion Scale before and after an 8-week MBCT. The correlations among the changes in trait
mindfulness and the positive and negative affects indicated that increased attention regulation is related to
increased positive affect, and a nonjudgmental attitude is related to decrease negative affect.

1.3 Mindfulness and emotional false memory

This study extends the research of mindfulness from its effect on emotional true memory to emotional false
memory using the DRM paradigm (Roediger & McDermott, 1995). In the DRM paradigm, the participants first
study a series of word lists, followed by a free recall or recognition task that contains non-studied CLs associated
with the studied words. False memory occurs when a CL is recalled or recognized during the study. Studies have
shown elevated false memory after MBT (Wilson, Mickes, Stolarz-Fantino, Evrard, & Fantino, 2015;
Rosenstreich, 2016).

Mindfulness and false memory in the DRM paradigm - Wilson et al. (2015) used the DRM paradigm to
examine whether brief mindfulness induction influences false memory. In the second experiment, participants
engaged in either a 15-min breathing meditation or mind-wandering. They found that those who engaged in
breathing meditation recalled a greater number of CLs after induction. However, those who engaged in
mind-wandering recalled the same number of CLs before and after induction. Wilson et al. (2015) proposed that
the nonjudgmental attitude might reduce the memory trace associated with the generation of internal information.
Thus, individuals that receive MBT may be more prone to false memories. Rosenstreich (2016) also observed
that participants increased false recognition after either a five-week MBT or short mindfulness induction.
However, because several studies have found increased semantic fluency after an 8-Week mindfulness
intervention (Heeren et al., 2009; Newberg, Wintering, Khalsa, Roggenkamp, & Waldman, 2010), he suspected
that high false memory reflected enhanced cognitive flexibility to activate associated information after MBT.

Additionally, Yeh and Lu (2017) discovered that a high demand for source monitoring at retrieval alters the
correlation between mindfulness and false memory. In their study, the false memory of bilinguals was measured
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through language-specific inquiry (i.e., responding “old” only when a test word was presented in the same
language during study); trait mindfulness was revealed to be negatively associated with false memory under
within-language conditions and positively associated under cross-language conditions, suggesting that high trait
mindfulness may enhance the engagement of verbatim traces to reduce false memory, if even only when the
study and test words share the same language.

Although the above studies have demonstrated certain relations between mindfulness and false memory,
words used in these studies are not controlled for their emotionality (i.e. valence and arousal aspects). Thus,
given that mindfulness is related with the alteration of emotional true memory, it is possible that mindfulness
also change the emotional false memory. According to our review of the literature, no studies have investigated
whether mindfulness also influences emotional false memory. For that reason, we first review studies related to
emotional false memory but not to mindfulness to form our hypotheses about the influence of mindfulness on
emotional false memory.

Emotional false memory in the DRM paradigm - Budson, Todman, Chong, Adams, Kensinger, Krangel,
and Wright (2006) were the first to utilize the DRM paradigm to investigate whether emotionally charged CLs
are more likely to be retrieved by semantically associated words. The results indicated that healthy adults
demonstrated greater true recognition of emotional versus neutral CLs but reported no difference between the
false recognition of neutral and negative CLs (37% vs. 39% for young adults). By contrast, a similar study found
a higher false memory of negative CLs than neutral lures (Sharkawy, Groth, Vetter, Beraldi, & Fast, 2008).

Brainerd, Stein, Silveira, Rohenkohl, and Reyna (2008) argued that the negative and neutral CLs used in
Budson et al. (2006) were different in valence and arousal; therefore, they may have limited the ability to
determine whether negative CLs are more prone to false memory than are positive and neutral CLs. Therefore,
Brainerd et al. (2008) used another set of items in which the mean valence of the CLs and list items was varied,
but arousal was similar. They found a valence effect in which participants demonstrated more false recognition
for negative CLs, followed by neutral and positive lures. Furthermore, analyses of memory processes have
revealed that two main memory processes are responsible for the valence effect: gist similarity and recollection
to rejection (i.e., the ability to use verbatim traces to suppress the acceptance of CLs). The weight of gist
similarity increases when making recognition decisions for negative CLs, compared with neutral and positive
lures. In other words, the gist traces of CLs and their corresponding list items increase in familiarity as the items'
valences decrease. However, as the items' valences increase, the recollection rejection gradually increased in
weight to the recognition decision. A follow-up study also replicated a similar valence effect (Brainerd, Holliday,
Reyna, Yang, & Toglia, 2010). Although adults demonstrated the valence effect for low-arousal and high-arousal
CLs, teenagers demonstrated a valence effect for only high-arousal CLs.

1.4 The present study

In this study, based on the aforementioned research, we investigated whether trait mindfulness alters
emotional false memory. If the effect of mindfulness on the false memory of valenced words was similar to its
effect on the true memory of valenced words (Alberts & Thewissen, 2011; Roberts-Wolfe et al., 2012), then we
would expect to observe that trait mindfulness was either positively associated with the false recognition of
positive CLs, negatively associated with the false recognition of negative CLs, or both. Therefore, the valence
effect (i.e., the difference between false recognition of positive and negative CLs) would be lower for
participants with higher trait mindfulness.

Another purpose of this study was to examine whether the same effect would be true in L2 and
cross-language contexts (i.e., difference in language context between study and test).The major difference
between L1 and L2 contexts is that bilinguals usually feel less emotionally charged in their L2 (Anooshian &
Hertel, 1994; Aragno & Schlachet, 1996; Movahedi, 1996; Pavlenko, 2005); therefore, false recognition of
valenced CLs in L2 may be less influenced by the emotionality in the gist trace. In this case, the valence effect
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would be less prominent in the L2 context and not influenced by the participant’s level of trait mindfulness.
Regarding cross-language conditions, we expected to observe a moderate relationship between trait mindfulness
and the false recognition of positive and negative CLs that was less prominent in L1 than in L2 conditions.

2. Research method

2.1 Participants

A total of 95 students from the Department of Applied Linguistics and Language Studies at the authors'
university were recruited. Participants completed a language history questionnaire (LHQ); Li, Zhang, Tsai, & Puls,
2014). All participants were born and raised in Chinese-speaking communities. To ensure similar language
history among participants, those who had lived in an English-speaking environment more than 1 year were
excluded. 72 participants' data were used for analyses. Participants’ self-reported age of acquisition for speaking,
listening and writing for and proficiencies in four language skills are summarized in Table 1. The paired
comparison indicates that the participants start to acquire Chinese earlier (#(71) = —10.7, p < .01) and have a
higher proficiency in Chinese, measured by a summed rating of four language skills (#(71) = 12.8.0, p < .01).

Table 1
Participants' language background (N=72)
Language Chinese English
Age of Acquisition (year)
Speaking 1.8 7.5
Reading 4.5 7.7
Writing 5.5 8.0
Average Self-Report Proficiency'

Reading 6.4 5.0
Writing 6.0 4.7
Speaking 6.6 4.6
Listening 6.8 5.0

Note. 'On a scale of 1-7.

2.2 Materials

Word recognition task - We extracted eight positive and eight negative emotional item lists from the
Cornell/Cortland Emotion Lists (Brainerd et al., 2010). The CLs comprised eight high-valence, high-arousal and
eight low-valence, high-arousal words. Each item list comprised 15 words. To ensure all the English words were
familiar to the participants, 47 other students of English as a foreign language with a similar language
background translated all 15 words from each list from English to Chinese. Within each valance category, two
lists were excluded from this study phase, because they were used as new words during the test phase. For the
remaining 12 lists, only the 10 more frequently correctly translated English words in each list were used in the
study phase (the average correct translation rate was 97.3%).

The final item lists in the study phase were in English and Chinese and comprised six positive and six
negative emotional item lists with 10 words in each list. For valence, the average values for the CLs were 6.2 and
3.2 for positive and negative words, respectively. For arousal, the average values for CLs were 5.0 and 4.6 for
the positive and negative words, respectively. The word stimuli in the test phase consisted of 72 words in three
types in each language. The list items comprised 36 studied words extracted from the first, fifth, and eighth items
in the 12-word list. The CLs comprised 12 CLs semantically associated with each word list. The unlist items
comprised 24 unstudied words evenly extracted from four word lists (i.e., two positive and negative word lists,
respectively).

Chinese Mindful Attention Awareness Scale - The MAAS (Mindful Attention Awareness Scale) measures
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the natural propensity to be attentive to present moments in daily life (Brown & Ryan, 2003).It is a
unidimensional scale with 15 items. In this study, the Chinese version of the MAAS (CMAAS) was utilized to
measure trait mindfulness. The internal consistency of the CMASS is .88, and 8-week test-retest reliability is .75
(Chang, Lin, & Huang, 2011).

2.3 Procedure

The DRM word recognition task was programmed using E-prime 2.0 software (Psychology Software Tools,
Pittsburgh, PA, USA). Each participant was tested individually. They were informed there werel2 lists of 10
words and that half of the lists were in either Chinese or English. The participants were asked to read the lists
and remember as many words as possible for the follow-up recognition test.

The words in the study phase were presented orthographically. For each list, participants first viewed “get
ready for list A” on a screen, where A corresponds to the list number (1 to 12). Each word appeared for 2 seconds.
After viewing the final word list, the participants were presented with 72 test words, one at a time.
Approximately 50% of the participants (N=35) were presented with the English words, and the other half (N=36)
were presented with the Chinese words. The participants were asked to press 1 if a test word was presented in the
study phase in the same language, press 2 if a test word was presented in the study phase in the other language,
and press 3 if the test word was not presented in the study phase. The classification criteria from
Kawasaki-Miyaji, Inoue, and Yama (2003) were adopted, in which 1 and 2 are considered "old" responses and 3
is the "new" response.

3. Result

Table 2 presents the acceptance rates of the list items, CLs, and new items in all conditions. To reduce
baseline differences, we calculated the adjusted acceptance rates for CLs by subtracting the number of
recognized new items from that of CLs. In the within-language condition, a 2 (valence: positive and negative) x
2 (language: Chinese—Chinese and English-English) mixed-design ANOVA was performed. The dependent
variable was the adjusted old response to the CLs. This analysis yielded a significant main effect of the valence
(F(1,70) = 6.5, p < .05, partial n° = .09). Participants responded “old” to the negative CLs more often than they
did to the positive CLs (.41 vs. .30, 95% CI for difference = [.02, .20]). The main effect of the language also
reached significance (F(1,70) = 13.1, p < .01, partial n* = .16), indicating that the participants demonstrated more
false recognition of CLs in the Chinese context than they did in the English context (.46 vs. .25, 95% CI for
difference = [.1, .33]). Both main effects are consistent with those reported in related studies.

Although the interaction of valence and language only reached marginal significance (F(1,70) = 3.1, p = .08,
partial n> = .04), the descriptive data strongly suggest that the valence effect only occurred in English and not in
Chinese. Therefore, pair-wise comparisons were conducted to test our observation. The results indicated that,
when conducted in English, the adjusted false recognition of negative CLs was significantly greater than that of
positive CLs (.34 vs. .16, p < .01, 95% CI for difference = [.06, .31]). By contrast, when conducted in Chinese,
the values for the adjusted false recognition of negative and positive CLs were statistically equivalent (.48
vs. .45). Therefore, the valence effect reported by Brainer et al. (2008; 2010) was not replicated in our Chinese
samples, some possible explanations for which are offered in the discussion. The same two-way (valence X
language) ANOVA was employed in the cross-language condition. Only the main effect of valence achieved
marginal significance (F(1, 70) = 3.43, p = .068, partial n>=.05), indicating a trend that more “old” responses
were provided for negative CLs than for positive CLs (.54 vs. .46).

To examine whether trait mindfulness was related to the recognition performance of participants, we first
computed the Pearson correlations between CMAAS scores [mean = 59, standard deviation (SD) = 9.8] and
adjusted recognition rates for CLs, and then for list items and valence effects (calculated by subtracting the
adjusted recognition rates of positive words from those of negative words) in all study-test-language conditions
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(Table 3). For false recognition, the results revealed that trait mindfulness was positively correlated with positive
CLs (r = .49, p < .01), uncorrelated with negative CLs (r = .1), and was negatively correlated with the valence
effect (r = —.32, p = .05) when the test was conducted in Chinese. This indicated that individuals with high trait
mindfulness were more likely to generate more false recognition for positive CLs and, therefore, attenuate the
valence effect. For true recognition, trait mindfulness was positively associated with list items (r = .38, p < .05),
and no other correlations reached statistical significance.

Table 2
Mean and SD of acceptance rates in study-test language conditions
Items Chinese—Chinese English-English
List item
Positive .80 (.22) .82 (.16)
Negative .82 (.20) .90 (.12)
Critical lure
Positive .56 (.32) .30 (.31)
Negative .60 (.35) .50 (.32)
English—Chinese Chinese—English
List item
Positive 75 (.18) .66 (.19)
Negative .76 (.16) .66 (.20)
Critical lure
Positive .58 (.39) .60 (.34)
Negative .68 (.34) .68 (.25)
—Chinese —English
New item
Positive A1(13) 14 (.15)
Negative 12 (17) .15 (.15)
Table 3
The correlations between CMAAS and adjusted acceptance rates in study-test language conditions
Items Chinese—Chinese English-English Chinese—English English—Chinese
List item
Positive 38% -.08 -.06 -.02
Negative 25 .03 .04 .08
Valence effect -12 A1 .07 .08
Critical lure
Positive 49%* .01 -.10 -.20
Negative .10 A1 -.10 -.20
Valence effect -.32% .08 .03 .03

Note. *p < .05, **p < .01.

4. Discussions

This study examined whether the asymmetry between the false recognition of positive and negative CLs is
influenced by trait mindfulness in within-language and cross-language conditions. The following discussion first
addresses the results for the within-language condition followed by the results for the cross-language condition.
The false recognition of negative CLs was higher than that of positive CLs, replicating the valence effect
reported by Brainer et al. (2008) and Brainer et al. (2010). However, this valence effect was primarily observed
in the results for the English condition, and not in those for the Chinese condition. Two possibilities related to the
test materials are proposed regarding this result. First, in this study, the list items and CLs were extracted from
the study of Brainer et al. (2010) and translated into Chinese; however, these Chinese translations may not have
expressed the equivalent emotionality (either valence or arousal) that was present in the original English versions.
The recognition of list items seems to provide supportive evidence of this explanation. Although the adjusted
acceptance rates for positive and negative Chinese list items were equivalent (.69), the adjusted acceptance rate
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of negative English list items was higher than that of positive ones (.75 vs. .68). Second, Chinese is a
logographic language in which words are composed of characters that are often designed to represent meanings;
therefore, sometimes words conveying similar emotions or meanings use the same characters. For example, in
one list, the list items ‘“JF#X” (rage) and “[E%X” (mad) share the same character “#X,” which, on its own, means
anger. Similarly, in another list, the list items “[[| > (hill), “([[&” (valley), “[LIl&” (peak), and “[L|5=” (goat)
share the character “[[],” which means mountain. Moreover, in one list, the CL “3%%” (music) and its list items
“ERF’ (note), “BFS” (sound), and “UZ 4% (radio) all share the same character “%,” which also, on its own,
means sound. We suspect that the repetition of characters may have generally influenced false recognition and

reduced the salience of the valence effect in the Chinese condition.

The correlational data indicated that trait mindfulness was associated with both true and false recognition of
positive words. These findings not only replicate but also extend those published by Roberts-Wolfe et al. (2012)
regarding false memory. Additionally, the false recognition of negative CLs was not influenced by trait
mindfulness; therefore, the valence effect was reduced as the trait mindfulness of participants increased. As a
consequence of these findings, we questioned whether the valence effect would emerge for participants with low
trait mindfulness in the Chinese condition. To test this inquiry, participants were divided into two groups at the
point of the median score for trait mindfulness, and a two-way (valence and trait mindfulness) repeated ANOVA
was conducted with the adjusted false recognition of negative CLs as the dependent variable. A trend of
interaction was discerned (F(1, 35) = 3.7, p = .06, partial n2 = .1) in that the false recognition of positive CLs
was lower than that of negative CLs under conditions of high trait mindfulness (.30 vs. .44). Conversely, for
participants with high trait mindfulness, the false recognition of positive CLs was higher than that of negative
CLs (.61 vs. .53). One possible mechanism underlying these findings is that attention to present experiences is
associated with positive affects (Schroevers & Brandsma, 2010); therefore, participants with higher trait
mindfulness may have a more focused awareness of positive items. Additionally, because low false memory of
positive CLs is the result of less weighted gist traces than it is of verbatim traces in the memory process
(Brainerd et al., 2008), people with high trait mindfulness, through heightened awareness of the pleasant
experience, may assign more weight to gist traces in the memory process and, therefore, generate more false
recognitions of positive CLs. The other possibility is that because practicing mindfulness increases participants’
semantic fluency (Heeren et al., 2009; Newberg et al., 2010), greater attention to list items leads to a more
retrieves of positive list items as well as CLs through the highly active and interconnected semantic network. In
summary, our findings also imply that the bias of memory for positive experiences could be one of the reasons
why people with high trait mindfulness are less prone to depressive symptoms (Neelarambam, 2015) and stress
(Senders, Bourdette, Hanes, Yadav, & Shinto, 2014), and more prone to enhanced well-being (Brown & Ryan,
2003).

Furthermore, although we did not discover an association between reduced negative false recognition and
trait mindfulness in the current study, it cannot be ruled out as a possibility. As previously mentioned, changes in
nonjudgmental attitude were negatively correlated with changes in negative effects (Schroevers & Brandsma,
2010). Because only CMASS (a measurement that is related to awareness of the present moment) was used to
measure trait mindfulness, it is reasonable to assume that positive CLs are only influenced by trait mindfulness.
Further studies are required to provide a more in-depth investigation of this topic; for example, multidimensional
questionnaires (e.g., the Five Facet Mindfulness Questionnaire; Baer et al., 2006) should be used to examine
whether other components (e.g., acting with awareness and not reacting) alter emotional false memory.

Moreover, at the time of writing this manuscript, a study conducted by my colleague and I revealed reduced
negative false memory after MBT (Lu, 2017). Aggressive false memory is predictive of both the cyberbullying
and traditional bullying of teenagers (Vannucci, Nocentini, Mazzonic, & Menesini, 2012). Because MBT eases
aggressive behavior (Heppner et al., 2008; Yusainy & Lawrence, 2014), Lu (2017) considered whether MBT can
also reduce aggressive false memory. In their study, juvenile delinquents who had committed violent crimes
attended 8-week MBT, and their false memory of neutral and aggressive words was measured before and after
the training. For all participants (i.e., experimental and control groups), the false memory of aggressive CLs was
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higher than that of neutral CLs, replicating the valence effect. However, compared with the control group, those
who received MBT demonstrated a less notable valence effect in the posttest because of the decreased retrieval
of aggressive CLs.

In the English context, higher and lower false recognition of negative and positive CLs echoed the findings
of Brainer et al. (2010). However, these results differed from the results for the Chinese context regarding two
aspects. First, the valence effect in the English context was more prominent than it was in the Chinese context.
Second, the valence effect did not diminish as trait mindfulness increased. The finding that the false recognition
of CLs was moderated by valence corresponds with a study on bilingual emotional true memory in which the
memory of taboo words and reprimands was more prominent than that of neutral words after an emotional rating
task (Aycicegi-Dinn & Caldwell-Harris, 2009). However, the differences in recall between taboo and neutral
words and between reprimands and neutral words were more significant in the L1 context than in the L2 context
in their study. Therefore, the stronger valence effect in the English context in our study suggests that the effect of
emotionality is even stronger in the L2 context than in the L1 context. Nevertheless, this inference is invalid
because although our participants had studied English for more than 10 years, they self-rated as being more
proficient in Chinese.

If the aforementioned speculative scenario is the case, we must question why the participants exhibited a
strong valence effect and why the valence effect was not associated with trait mindfulness in the English (L.2)
context. The exact reasons for these unexpected findings are unknown, so a potential explanation is proposed.
Chinese—English (L1-L2) bilinguals from Hong Kong who rated the valence and arousal of positive, neutral, and
negative words presented in both languages demonstrated both a more positive reaction to positive words and a
more negative reaction to negative words in English than in Chinese; however, for the arousal rating, the
negative words in Chinese were rated as having a greater arousal effect than were the negative words in English
(Ong, Hussain, Chow, & Thompson, 2017). These results suggest that the valence and arousal ratings of
bilinguals can be decoupled, at least with regard to negative words. Because the bilingual participants in the this
study were living in a similar language environment than were the participants in the study conducted by Ong et
al. (2017), they potentially felt less arousal from negative words in English but remained sensitive to valence. In
terms of arousal, a psychophysiological study indicated that negative high-arousal pictures elicited higher late
positive potential (LPP) responses than did negative low-arousal pictures, and trait mindfulness was associated
with decreased LPP responses elicited by negative high-arousal pictures but not by negative low-arousal pictures
(Lin, Fisher, Roberts, & Moser, 2016).

Based on the aforementioned studies, the possible explanation for the findings presented in this study
regarding the English condition is that although our bilingual participants may have experienced less arousal on
emotional items, they remained sensitive to valence. Moreover, the neutralization of mindfulness primarily
affects arousal; therefore, even though a difference was observed in bilingual participants pertaining to the false
recognition of positive and negative CLs, their false recognition did not correspond to trait mindfulness.
Although this interpretation is intriguing, it fails to provide any direct supporting evidence. Therefore, future
research is required to investigate whether mindfulness alters the valence effect when words exhibit low arousal
but significant differences in valence. In the cross-language condition, only a marginal difference was observed
between the false recognition of positive and negative CLs, suggesting a trend of valence effect caused by the
mix of two languages; moreover, similar to the results in English condition, the false recognition of CLs was not
associated with trait mindfulness.

Furthermore, we compared the results in the present study with those of another previous study (Yeh & Lu,
2017); a similarity was observed in that both assessed the relationship between trait mindfulness and DRM false
memory for Chinese—English bilinguals. However, the negative correlation of trait mindfulness with false
memory under within-language conditions and positive correlation with false memory in cross-language
conditions were results that were not replicated in the present study. Instead, a positive correlation between trait
mindfulness and false recognition of positive CLs was only observed under the Chinese condition, and not under
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the English or cross-language conditions. One possible reason for this discrepancy is the difference between
these two studies regarding source-monitoring requirements at retrieval. In a study conducted by Yeh and Lu
(2017), participants were asked to form “old” decisions based on language-specific measurements (i.e., being
instructed to only respond “yes” if a word appeared in the same language); therefore, the verbatim trace was
essential for establishing a distinction between old and new words. In this study, however, language-specific
recognition was encouraged in participants, but if they could not retrieve the vivid verbatim trace then they were
permitted to select one option from the two “old” decisions (i.e., respond “1” if a test word was presented in the
same language in the study or “2” if a test word was presented in a different language in the study). Therefore,
the source-monitoring requirement at retrieval may have altered the correlation between trait mindfulness and
false memory.

5. Conclusion: Contribution, limitation and practical advices

According to our review of relevant literature, this study is the first to demonstrate that the asymmetry in the
false recognition of positive and negative CLs is modified by trait mindfulness. The major contribution of this
study is to deepen our understanding of the mechanism of emotional regulation of mindfulness. Firstly, we have
demonstrated that high trait mindfulness is associated with higher positive, but not negative, false memory.
These findings are important because they provide a possible reason why mindfulness practice can be applied to
improve emotional regulation. Mindfulness practice may help individuals more easily modify their memory of
emotional episodes and with more retrieval of positive episodes, whether real or illusional, they become happier.
Secondly, the lack of significant association between emotional false memory and trait mindfulness in the second
language (i.e. English) suggests that valence aspect alone is unrelated with trait mindfulness and trait
mindfulness selectively associates with the retrievals of positive words only if they are also highly arousal.

In terms of limitation, this study was primarily explorative; although the DRM paradigm and CMASS are
both widely used to measure false memory and trait mindfulness respectively in numerous studies, it is not
unknown whether the relationships between mindfulness and emotional false memory would be reliably held in
other experiment paradigms or measures. Currently, there is no universal definition of mindfulness. In this study,
only the present awareness aspect of trait mindfulness was measured. It is possible that other aspects of
mindfulness may have different relationships with false memory. Moreover, false memory can be measured by
different paradigms, for example, the misleading information paradigm. It is possible that trait mindfulness may
not be related with false memory measured by other paradigms. Therefore, more future studies are needed to
investigate the relationship between mindfulness and emotional memory.

Although this study is theoretical-orientated, two practical advices are provided, one for mindfulness
practice and one for second language learning. Firstly, mindfulness practice has been found to increase one's trait
mindfulness (Shahar, Britton, Sbarra, Figueredo, & Bootzin, 2010). Therefore, even though the effect of
mindfulness practice on emotional false memory was not directly examined, our study findings would encourage
people to practice mindfulness to retrieve more happy memories, but at the same time, warn them that these
enjoyable memories may not be as precise as they believe. Secondly, in addition to learning a L2 in classroom
settings, emerging in a natural L2 environment could be important for L2 learners to develop more native-like
arousal response toward emotional verbal stimuli.
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