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Abstract

Mindfulness attracted increased research interests in the last decade, reporting an overall beneficial effect of this practice
on cognitive performances. Nevertheless, recently a possible detrimental impact of mindfulness has been underlined. While
the effect of mindfulness on memory remains under-explored, recent studies have observed an increased false-memory
susceptibility after mindfulness practice. A possible explanatory mechanism has been suggested, related to the nature of the
studied material. For semantically related information, mindfulness would increase false memories; however, the addition of
rich perceptual information could prevent this detrimental effect. The present study aimed to verify this hypothesis by test-
ing the impact of state mindfulness induced by a short meditation session, and dispositional mindfulness on the production
of false memory for pictorial material presented in a complex virtual environment. We employed a virtual reality version
of the Deese—Roediger—-McDermott paradigm (DRM), a classical protocol to induce false memories. Contrary to previous
studies, we did not observe any effect of mindfulness on false or correct memories (free recall and recognition) after a short
mindfulness practice session compared to a control condition. Nonetheless, we found a beneficial effect of mindfulness
practice on memory sensitivity. Additionally, we reported a positive and negative effect of dispositional mindfulness on
memory outcomes. While the Non-Reactivity facet was associated with overall better memory performances, we observed
an association between the Acting with Awareness facet and an increased recollection of lures. We discuss these findings in
line with a recent proposal on the link between mindfulness and episodic memory.

Introduction highlighted the benefits of this practice on psychological

well-being and cognitive performances, particularly on

Since its introduction in medical practice by the pioneer-
ing work of Kabat-Zinn, mindfulness has received increas-
ing attention from the scientific community. Several results
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attentional and executive functions (Chiesa et al., 2011).
Nevertheless, recent studies reported some unexpected side-
effects, observing an increase of false memories after mind-
fulness practice (Rosenstreich, 2016; Wilson et al., 2015).
More generally, the impact of mindfulness on memory
processes has received few attentions, and results remain
controversial.

Defined as “paying attention in a particular way: on pur-
pose, in the present moment, and non-judgmentally” (Kabat-
Zinn, 1994, p. 4), mindfulness is a specific mental state, cul-
tivated by the practice of meditation but also considered as a
personality-like trait beyond any meditation training (Baer
et al., 2006). Therefore, we will employ mindfulness medita-
tion and dispositional mindfulness to indicate the former and
the latter. Several cognitive models have described mindful-
ness principally as an attentional control training (Lutz et al.,
2008; Tang et al., 2015). Indeed, a wide range of studies
have pointed out the effect of short- and long-term practice
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on different attentional components (Jha et al., 2007; Scho-
field et al., 2015; Tang et al., 2007). Given the established
link between attention and memory (e.g., Naveh-Benjamin
et al., 2000; Sperduti et al., 2017a), one should expect a
beneficial effect of such practice on memory processes. Fur-
thermore, memory is a central concept within the traditional
Buddhist conception of mindfulness. One of the meanings
of the word “sati” (the original pali world translated with
mindfulness) is “mindful and able to recollect and remem-
ber what has been done or said long ago” (Analayo, 2016,
p- 3). Surprisingly the effect of mindfulness meditation on
memory has received little attention until recently.

Mindfulness and memory

Growing scientific evidence casts a new light on the com-
plicated relationship between mindfulness and different
memory systems (Levi & Rosenstreich, 2019). For example,
a study comparing long-term mindfulness practitioners to
demographically matched controls reported better perfor-
mances for short- and long-term memories for the mind-
fulness practitioners (Lykins et al., 2012). Nevertheless,
the results reported by studies investigating the impact of
short meditation practices and dispositional mindfulness on
autobiographical and episodic memory reveal a more con-
trasting picture. For instance, different studies reported a
reduction of autobiographical memories over-generalization,
a tendency usually observed in clinical depression (Hermans
et al., 2008), after a mindfulness intervention in both clinical
(Hargus et al., 2010) and non-clinical populations (Heeren
et al., 2009; Williams et al., 2000). On the contrary, Crawley
(2015) observed the opposite effect for dispositional mind-
fulness, with a decreased autobiographical memory speci-
ficity. The investigations of episodic memory have reported
an overall positive effect of mindfulness, but mixed find-
ings on the process responsible for this outcome. Indeed,
Brown et al. (2016) observed an enhancement of memory
performance in recognition and free-recall tasks after 10 min
of meditation practice before the encoding and the testing
phases compared to participants listening white-noise or
waiting without any specific instructions. On the other hand,
Lloyd et al. (2016) reported lower false-recognition rates
following 3 min of meditation practice than after listening
to a story. However, this positive effect of mindfulness was
observed only when mindfulness practice occurred before
recognition but not before encoding.

Concerning dispositional mindfulness, Rosenstreich and
Ruderman (2016) found a negative correlation between
response bias and the facet “Non-judging” (e.g., adopt-
ing a neutral attitude toward one’s thoughts and actions),
assessed with a short form of the Five Facet Mindfulness
Questionnaire (FFMQ); Baer et al., 2006). These results sug-
gest that dispositional mindfulness would modulate decision
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criterion rather than encoding processes. Thus, while the
overall effect of mindfulness meditation on memory seems
to be positive, the precise mechanism leading to enhanced
memory performances is still unclear. Some studies suggest
an improvement of encoding (Brown et al., 2016; Lykins
et al., 2012), and others of retrieval processes (Hargus et al.,
2010; Lloyd et al., 2016; Rosenstreich & Ruderman, 2016;
Williams et al., 2000).

False memories

The picture is made even less clear by more recent find-
ings showing increased false-memory susceptibility follow-
ing mindfulness meditation. Interestingly, false-memory
production is not necessarily related to memory impaire-
ments but could reflect a healthy and normal functioning
of memory processes as illustrated by Budson et al. (2000)
who observed a lower level of false memories production in
Alzheimer patients.

Different types of false memories exist and have been the
topic of flourishing literature (Langevin et al., 2009). To our
knowledge, the investigations concerning the effect of mind-
fulness on false memories have only used the well-known
Deese—Roediger—-McDermott (DRM) paradigm (Deese,
1959; Roediger & McDermott, 1995), probably the most
employed experimental protocol to induce false memory in
a laboratory setting. In this experimental manipulation, par-
ticipants study lists of words semantically related, where the
most "stereotypical” item of each list, the "critical item", is
voluntarily omitted. The critical item can be either the most
representative item for categorical lists (e.g., car for vehi-
cles) or characterize by its semantic associative strength with
other items (e.g., cold for winter, ice, snow, freeze, frost).
This procedure usually generates a high rate (about 50%)
of false recall or recognition of the critical items (Langevin
et al., 2009).

According to the Activation Monitoring Theory (AMT;
Gallo & Roediger, 2002), two mechanisms could be respon-
sible for producing false memories. First, during the encod-
ing process, the study of semantically related words would
activate the critical item due to its association with the stud-
ied material. Second, during the retrieval phase, a failure of
monitoring processes would prevent the correct rejection
of the critical lure (Gallo, 2010). The Fuzzy-Trace Theory
(FTT) suggests another explanation (Brainerd & Reyna,
2002). According to the FTT, two types of memory traces
could coexist: the gist, build from the conceptual and seman-
tic information, and the verbatim, related to specific details
(perceptual and contextual). Consequently, false memo-
ries would result from the reliance on shared gist informa-
tion between critical and studied items and the failure to
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discriminate between studied and unstudied items due to
the inability to retrieve the verbatim, considered more labile.

In line with the FTT predictions, the increase of salient
perceptual information or item distinctiveness can reduce
false memories in the context of DRM due to their strength-
ening of the verbatim trace (for a review see, Huff et al.,
2015). Item distinctiveness can be manipulated, for exam-
ple, by varying the font of each studied word (e.g., Arndt,
2006) or using pictorial material (e.g., Abichou et al., 2020;
Foley & Foy, 2008; Israel & Schacter, 1997; Olszewska &
Ulatowska, 2019; Abichou et al., 2021): when verbatim
information is available, false memories decrease. Although
it is not always the case, as suggested by the observations
made by Drowos et al. (2010), with patients presenting pos-
terior parietal cortex (PPC) damages. Interestingly, while
the patients presented a lower rate of false recognition com-
pared to a control group for auditory material, the addition of
perceptual information did not improve their performances,
leading to a higher rate of false recognition compared to
healthy individuals. According to Drowos et al. (2010), these
results could reflect an incapacity to use verbatim informa-
tion during retrieval processes rather than a failure to encode
this information.

Mindfulness and false memories

Wilson et al. (2015) conducted one of the first studies
investigating the impact of mindfulness meditation on false
memory. Using 15 min of meditation practice compared
to mind-wandering instructions before the encoding, they
observed an increase of false recall and false recognition
after meditation practice. Additionally, in this study, mind-
fulness fails to improve correct free-recall and recognition
contrary to previous observations (Brown et al., 2016). To
explain such results, Wilson et al. (2015) proposed that
mindfulness induced a failure of the cognitive control dur-
ing the retrieval processes due to the adoption of a more
liberal response bias, leading to consider erroneously critical
items as studied.

Similarly, Rosenstreich and Ruderman (2017) suggested
that mindfulness could increase retrieval based on semantic
processes or familiarity rather than perceptual sources or
recollection processes, which would impair monitoring pro-
cesses in the specific case of DRM. Sustaining this hypoth-
esis, Rosenstreich (2016) reported two studies observing an
increase of false recognition following one to five sessions
of 30 min of mindfulness practice, compared to a waitlist
or a mind-wandering control condition. Nevertheless, and
contrary to Wilson et al. (2015), Rosenstreich (2016) also
reported an increase in correct recognition following mind-
fulness practice. The allocation of attentional resources dur-
ing the encoding phase could explain these seemingly coun-
terintuitive results. Indeed, reducing attentional resources

during encoding could diminish the rate of false recogni-
tion by preventing the critical item’s activation (Knott &
Dewhurst, 2007). Therefore, by enhancing the availability
of attentional resources, mindfulness meditation facilitates
semantic activation, thus increasing the rate of false memo-
ries and correct recognition.

However, recent studies failed to replicate these findings.
Comparing the effect of 15 min of mindfulness practice to
either mind-wandering instructions or an alternative control
group (word search puzzles), Baranski and Was (2017) did
not observe any effect on correct or false recognition related
to the mindfulness condition. Nevertheless, these experi-
mental manipulations also included a “warning conditions”,
where participants were alerted of the potential presence of
lures, suggesting a more substantial effect of this alert than
the mindfulness induction.

On the other hand, comparing mindfulness induction to
a control group not receiving meditation instructions, Cal-
villo et al. (2018) observed a positive effect of meditation
on response bias (e.g., more conservative) when mindful-
ness induction took place after the encoding. Similarly to
Baranski and Was (2017), Sherman and Grange (2020) did
not observe any effect either on correct or false recognitions
of a 15-min mindfulness meditation practice compared to
a mind-wandering induction or a join-the-dots task taking
place before the encoding. To explain these inconsistencies,
Sherman and Grange (2020) suggest that mind-wandering
might not be an optimal control condition, despite its wide-
spread use in studies investigating the impact of a single
mindfulness meditation session. They observed that par-
ticipants from mindfulness and control conditions reported
similar mental states between the two inductions on the State
Mindfulness Scale (Tanay & Bernstein, 2013) and the Ret-
rospective Mind-wandering Scale from the Dundee Stress
State Questionnaire (Matthews et al., 1999). These results
are consistent with recent critics of mindfulness research,
arguing that mind-wandering could induce a similar cogni-
tive state as mindfulness in participants naive to meditation
practice (Davidson & Kaszniak, 2015).

To our knowledge, only one study investigated the impact
of dispositional mindfulness on false memory in the DRM
context (Yeh & Lu, 2017). In this study, a set of Chinese and
English words were used in the encoding and the retrieval
phase, either in congruent (e.g., English at encoding and
retrieval) or incongruent (e.g., Chinese at encoding and Eng-
lish at retrieval) conditions. While the authors observed a
positive correlation between dispositional mindfulness and
memory sensitivity in the congruent condition, they reported
an opposite pattern when the languages at encoding and rec-
ognition were different. According to Yeh and Lu (2017),
dispositional mindfulness could impact false memories
formation by two different processes. When both verbatim
and gist information is available, such as in the congruent
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condition, mindfulness will decrease false-recognition
rates by enhancing verbatim information availability. On
the contrary, in the incongruent condition, when only gist
information is available, participants with high dispositional
mindfulness, via an increased activation in the semantic net-
work, would rely on a more strongly activated gist trace and
incorrectly accept critical items. Altogether, these results
suggest that the impact of mindfulness on false memories
would depend on the distinctiveness of the studied mate-
rial. This assumption is in line with the systematic analy-
sis conducted by Konjedi and Maleeh (2020), suggesting
a positive correlation between dispositional mindfulness
and perceptual acuity, enhancing the quality and accuracy
of encoded information. Thus, by promoting the encoding
of perceptual features, mindfulness could improve source-
monitoring and memory sensitivity.

Current investigation

The present study aims to fulfil several goals. First, we
wanted to replicate and generalize the effect of mindful-
ness on producing false memories to visual material. As
suggested by previous studies, the nature of the encoded
material must be considered when assessing the impact
of mindfulness on false-memory generation. According
to the aforementioned studies, our main hypothesis was
that employing visual material, contrary to verbal mate-
rial, should decrease false-memory rate, particularly after a
short induction of meditation, as suggested by Konjedi and
Maleeh (2020). In that respect, if mindfulness elicits encod-
ing processes based on external processing or verbatim, the
presence of perceptual cues should improve the ability to
discriminate studied items from critical items. Second, pre-
vious studies investigating the link between mindfulness and
false memory have not systematically considered the role
of dispositional mindfulness. Only the study from Yeh and
Lu (2017) questioned this link in the DRM context. Never-
theless, they employed the Mindful Attention Awareness
Scale (MAAS; Brown, & Ryan, 2003), measuring only one
aspect of dispositional mindfulness, namely, ones’ moment-
to-moment receptive attention in daily life. However, more
recent conceptualizations consider mindfulness as a multi-
dimensional construct (Baer et al., 2006). In the context of
studied items possessing higher distinctiveness, we expect to
observe a positive correlation between dispositional mind-
fulness and memory sensitivity, but a negative correlation
with response bias, as suggested by Yeh and Lu (2017)
observations.

To test these hypotheses, we employed the FalseMem task
(Abichou et al., 2020; Abichou et al., 2021), a virtual real-
ity adaptation of the DRM paradigm. Immersed in a virtual
environment, participants had to walk among 3D rendered
DRM lists materialized as retail shops. Participants were
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explicitly asked to pay attention to the presented items and
voluntary memorize them. Before the encoding in virtual
reality, participants listened to either a short mindfulness
induction or a control condition (listening to a story). We
selected this control condition following the recent critics
targeting the problematic uses of mind-wandering as a con-
trol condition for mindfulness researches (Girardeau et al.,
2020; Sherman & Grange, 2020). This alternative control
condition has already been successfully used in several stud-
ies (Kramer et al., 2013; Lloyd et al., 2016; Zeidan et al.,
2010). Finally, we used the Five Facets Mindfulness Ques-
tionnaire (Baer et al., 2006) to assess dispositional mindful-
ness. To our knowledge, this is the first study investigating
the impact of mindfulness on false-memory production for
complex visual material and memory performances in con-
ditions closer to real life.

Materials and methods
Participants

Participants were recruited at the Institute of Psychology at
the University of Paris Descartes and received credits for
their participation. To be eligible, participants should: (1) be
aged between 18 and 30 years; (2) without any neurological
or psychiatric history; (3) without any auditory or visual
troubles preventing the use of virtual reality; (4) without
any substances addictions; (5) not practicing meditation, and
(6) be native French speakers. We recruited 44 participants,
randomly assigned to mindfulness (N=22, 16 females, age
21.20 £2.26 years) or a control (N=22, 19 females, age
21.88 +3.15 years) condition (listening to a story). Partici-
pants in the two groups were matched on several cognitive
and emotional variables (see Table 1). We also verified that
participants in the two groups did not differ in their level of
dispositional mindfulness (see Table 2).

The study used a double-blind protocol. We recruited par-
ticipants through an advertisement about the effect of

Table 1 Descriptive statistics and between groups comparison of the
cognitive and emotional assessments

Mindfulness  Story p value
Age 21.20 2.26) 21.88(3.15) 0.41
Mood—arousal 5.77 (1.45) 5.32(1.96) 0.39
Mood—valence 6.23 (2.14) 6.32(1.64) 0.88
BDI 5.27 (5.12) 6.41 (4.77) 045
Trail Making Test (TMT) 0.36 (0.98) 0.21(0.73) 0.57
Digit span 17.13 (3.04) 16.91 (3.61) 0.82

Between parentheses is reported the standard deviation

BDI beck depression inventory
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Table 2 Descriptive statistics and between groups comparison of the
FFMQ scores

Mindfulness Story p value
Acting with Awareness 3.28 (0.69) 3.18 (0.69) 0.65
Describing 3.47 (0.64) 3.16 (0.75) 0.14
Observing 3.41 (0.58) 3.14 (0.77) 0.20
Non-judging 2.97 (0.89) 2.95(0.73) 0.93
Non-Reactivity 2.98 (0.66) 3.02 (0.76) 0.86

Between parentheses is reported the standard deviation

relaxation on cognitive performances. The experimenters
were blind about the condition assigned to each participant.
The protocol was carried out under the local ethical stand-
ards. Participants were informed of the academic nature of
the study and accepted that their data would be processed
anonymously. After a full explanation of the procedure,
all participants gave written informed consent before car-
rying out the study.

Questionnaires and neuropsychological assessment

To ensure the matching between our two experimen-
tal groups, we assessed participants’ mood and cognitive
functions.

Questionnaires

To assess dispositional mindfulness, we used the Five Facet
Mindfulness Questionnaire (FFMQ; Baer et al., 2006;
French adaptation Heeren et al., 2011). Composed of 39
items (5-point Likert scales), the FFMQ evaluates five sub-
components associated with mindfulness: (1) Observing
(tendency to pay attention to feelings and surroundings),
(2) Describing (ability to describe feelings), (3) Act-
ing with Awareness (degree of attention toward what one
does), (4) Non-judging (adopt a neutral attitude toward one’s
thoughts and actions), (5) Non-Reactivity (tendency to not
react to thoughts and feelings). Besides, the level of depres-
sion, known to affect memory performances, was assessed
by the short version of the Beck Depression Inventory (BDI;
Collet & Cottraux, 1986). Finally, the participants’ mood
arousal and valence were assessed before and after the medi-
tation induction and the control conditions using a matrix
inspired by Colzato et al. (2012).

Neuropsychological assessment

The Trail Making Test part A and B (TMT; Lezak et al.,
2004) was employed to assess cognitive flexibility. The digit
span, backward and forward, from the MEM-III (Wechsler,

2001) was employed to assess working memory capacity and
attentional resources.

Inductions

We created two audio-tracks lasting 15 min for our experi-
mental conditions, recorded by the same male voice.
Both audio-tracks are available online (https://bit.ly/2Jins
av and https://bit.ly/2kxVmtU). During the mindfulness ses-
sion, participants were instructed to focus on their breathing
and notice when their mind wandered from the chosen object
of attention. At this moment, they were encouraged to redi-
rect their attention to their breathing. The same mindfulness
induction was already employed by Girardeau et al. (2020).
The control condition consisted of a philosophical tale where
participants were instructed to listen and pay attention to the
narrative. The randomization was performed automatically
by the Neuropsydia software (Makowski & Dutriaux, 2017).

Manipulation checks

After listening to the audio-tracks, a series of six visual
analogical scales (ranging from O to 100) was completed
by participants to evaluate their cognitive state during the
induction. Participants were asked to report their level of
sleepiness (“I felt sleepy”’), mind-wandering (“My thoughts
freely wander, without control”), focused attention (“I was
focused on a specific idea, sensation or perception), inter-
nal absorption (“My attention was caught by events that I
imagined or remembered”), body-awareness [“My attention
was focused on my body sensations (e.g., breathe, heart-
beat)”], and external absorption [“My attention was caught
by what was happening around me (e.g., sounds, voices)”].
The items presented in this study were the same as those
used by Girardeau et al. (2020).

Memory task in virtual reality: FalseMem Task

For the memory test, we employed the FalseMem task
(Abichou et al., 2020; Abichou et al., 2021), which allows a
naturalistic assessment of true and false memory both in free
recall and recognition. The encoding phase of the FalseMem
task was implemented in a 3-D realistic environment build
with the Unity 3D software in the Memory, Brain and Cog-
nition lab. A sample of the environment is available online:
https://osf.io/4znwb/?view_only=34476£5c600346798676
3a9¢b8e03881.

Participants navigated, using a gamepad, through a vir-
tual city presented on a computer laptop (Asus, Republic of
Gamers, 17 inches screen). Before starting the experimental
session, participants completed a series of tasks in a virtual
training space to ensure their ability to navigate a 3-D envi-
ronment using the gamepad. For the encoding phase, we
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provided precise instructions indicating to participants to
pay attention to the stalls identified by a red signal on the
floor. Besides, we warned participants that a memory test
would proceed afterwards. The stalls corresponded to seven
categorial DRM lists: animals, fruits, vegetables, musical
instruments, furniture, clothes, and tools. Each list was com-
posed of ten items, except for the category “animals” that,
for technical reasons, comprised only nine items. The time
required to complete the journey across the different stalls
was recorded for each participant to control the exposure to
the environment. After the encoding phase, we conducted
a free recall of the items composing the DRM lists. Dur-
ing this session, participants had 10 min to recall as many
items as presented in the stalls. Immediately after the free
recall, participants performed the FalseMem recognition
task where 157 items were presented using Neuropsydia
software (Makowski & Dutriaux, 2017): 69 targets items
presented in the virtual environment; 7 critical items (one
for each DRM list), corresponding to the most representative
item of the categorical list; 28 semantically related items; 28
perceptually associated items; and 25 neutral items. Items
were randomly presented, self-paced by participants and
delivered on a computer screen with a black background.
For each item, participants had to determine if it was pre-
sented or not in the virtual environment. When participants
considered an item as previously studied, they were required
to precise the nature of the state of consciousness associated
with the recognition using the R/K/G paradigm (Gardiner
et al., 1998).

Before the recognition task, we instructed participants to
respond, “I remember” (R), only for a vivid reminiscence of
items associated with contextual information. The answer
“I know” (K) was associated with a feeling of familiarity,
without a recollection of perceptual information. Finally, we
instructed participants to answer, “I guess” (G) when they
were not sure about their answer, reflecting a lower degree of
certainty related to inferential rather than memory processes.

Procedure

We conducted each session individually. After explaining
the experimental procedure, we asked participants to sign an
agreement to participate in the study. The protocol started
with the self-report questionnaires and the neuropsychologi-
cal assessments in the following order: the matrix to col-
lect their current mood, the FFMQ, the BDI, the TMT and
the digit span. After this first phase, participants discovered
the virtual training environment and executed several timed
tasks to familiarize themselves with the gamepad. Following
this, we introduced the instructions for the encoding task.
After that, the induction phase started with a short anam-
nesis, including questions about age, sex, education level,
and check if our participants had any previous meditation
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practice. After, participants were randomly assigned by the
software to the mindfulness or the story induction. Partici-
pants were equipped with an audio headset and left alone,
in front of the computer screen during the induction. At the
end of the audio-track, participants completed the manipu-
lation check items that were automatically displayed. Then,
we used the same matrix as the beginning of the experi-
mentation to assess participants’ mood to test potential
changes after the induction. After a short reminder of the
navigation instructions, participants started their walk in the
virtual environment corresponding to the encoding phase.
Immediately after, we proceed to the free-recall task and the
recognition task. Finally, we conducted a short debriefing
to provide details and information about the procedure to
our participants. The overall duration of the experimental
protocol was about 1 h and 30 min.

Data analyses

We checked the effect of our experimental manipulations in
several ways. First, we run two separate 2 X 2 mixed ANOVA
with the time of measure (before and after the induction) and
induction (mindfulness and story) as factors on participants’
mood valence and arousal. Second, we compared the score
on each question of the manipulation check questionnaire
administered immediately after the induction between our
two experimental conditions with independent sample #-tests
(two-tailed). Then, we also checked the impact of the induc-
tion on the navigation time. Since we found a significant
difference, with #(42)=2.16, p<0.05,95% CI [5.11; 152.44]
between the two groups, with participants in the mindfulness
group having a longer navigation time (578.59 +135.41 s)
than those in the control group (499.82 +104.23 s), we
added this variable as a covariate in all subsequent analyses.

For the free recall, we calculate the correct recall rate and
false recall rate for each participant by dividing the number
of correct recall items by the total number of items presented
(69) and by dividing the number of false recalls by the total
number of critical items (7), respectively.

For the recognition, we computed several scores: (1) the
hit rate, obtained by dividing the total number of correct
recognitions by the total number of target items (69); (2)
a false-recognition rate per items category, calculated by
dividing the number of false recognitions by the number of
lures presented during the recognition task. Thus, the num-
ber of false recognitions was divided by 25 for neutral, 28 for
perceptual and semantic, and 7 for critical items.

For the Signal Detection Theory (SDT) indexes, we used
the non-parametric indexes of response bias (bppd) and dis-
crimination (A’), which have a lower sensitivity to extreme
values and do not make assumptions on the signal or noise
distributions (Pallier, 2002). We applied Pallier’s (2002)
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formula to compute global A" and bppd scores and calcu-
lated these scores for each type of items per participant. We
computed A’ and bddp scores based on hit rate and false-
recognition rate per items category, likewise for false-rec-
ognition rates (see previous paragraph). In memory process
studies, the A’ score translated the capacity to discriminate
old from new items. A’ scores close to 0.5 indicate chance
level of discrimination, while higher scores correspond to
better discrimination abilities. Bppd scores indicated the ten-
dency of the participants to adopt a liberal or conservative
decision criterion. A positive score reveals a conservative
decision criterion (tendency to answer no), and a negative
score is related to a liberal decision criterion (tendency to
answer yes).

Finally, using the formulas suggested by Rosentreich and
Ruderman (2017), we transformed the R/K/G responses in
a recollection and a familiarity score to capture our par-
ticipants’ mental operations during the recognition phase
(Yonelinas & Jacoby, 2012). A summary of the descriptive
statistics of all memory scores is provided in Table 3.

We ran an ANCOVA analysis for the hit rate, with the
induction (mindfulness and story) as a between-subject
factor. For the false-recognition rate, the SDT indexes (A,
bppd), and the familiarity and recollection scores, we used a
mixed ANCOVA with the induction (mindfulness and story)
as a between-subject factor and the type of lure (neutral,
semantic, perceptual, and critical) as a within-subject factor.
For all post hoc comparisons, we used the Holm correction
for multiple comparisons.

Finally, we conducted separate stepwise multiple
regressions to predict each of our dependent variables
with the 5 FFMQ subscales. All statistical analyses were
conducted using R software (3.4.4 version). The R scripts
used for data analyses and the complete dataset are avail-
able on the Open Science Framework repository (https://
osf.io/2yj9n/).

Table 3 Descriptive statistics of the memory measures

Mindfulness Story p value
Correct recall 0.32 (0.14) 0.28 (0.11) 0.86
False recall 0.09 (0.12) 0.09 (0.10) 0.84
Hit recognition 0.54 (0.16) 0.51 (0.14) 0.56
False recognition 0.16 (0.08) 0.19 (0.09) 0.24
A’ 0.76 (0.11) 0.73 (0.13) 0.02*
Bddp 0.54 (0.43) 0.53 (0.44) 0.95
Recollection hit 0.40 (0.14) 0.33 (0.14) 0.07
Recollection false 0.07 (0.09) 0.05 (0.08) 0.30
Familiarity hit 0.17 (0.13) 0.18 (0.13) 0.87
Familiarity false 0.06 (0.09) 0.07 (0.11) 0.97

Between parentheses is reported the standard deviation

Results
Manipulation checks

First, concerning participants’ mood, we did not
observe any effect of the induction for the valence with
F(1,84)=0.00, p=1.00, ;72 <0.01; neither a main effect
of time, with F(1,84)=1.22, p=0.27, 172= 0.01. Moreover,
the interaction between those factors was not significant
with F(1,84)=0.05, p=0.83, > <0.01.

For the arousal, we observed a main effect of time,
F(1,84)=13.98, p<0.01, ;12 =0.14, overall participants
reported lower level of arousal after the two inductions
(4.05 +2.06), compared to their level of arousal before
(5.55+1.72). The main effect of the induction was not
significant with F(1,84)=0.32, p=0.57, ;72 <0.01. The
interaction between the two factors was not significant,
with F(1,84)=2.89, p=0.09, n*=0.03.

Second, we checked the impact of the inductions on the
cognitive state of our participants. After the mindfulness
induction, participants displayed higher score on body-
awareness (63.26 +22.75), with #(42)=5.89, p<0.001,
95% CI [27.00; 55.15] than after the story induction
(22.18 +£25.50). Additionally, participants who had fol-
lowed the mindfulness induction reported higher scores
on the focused attention question (51.32 +28.41), with
1(42)=3.60, p<0.01, 95% CI [12.25; 43.59] than par-
ticipants listening the story audio-track (23.40 +22.71).
At last, the level of sleepiness was higher for the mind-
fulness induction (64.10+21.71), with #(42)=3.30,
p<0.01,95% CI [9.15; 37.92] than for the story induction
(40.56 +25.39). A lack of significant differences between
the two conditions was observed for the internal absorp-
tion with #(42)=0.89, p=0.38, 95% CI [1.00; 25.69] and
for mind-wandering with #(42)=1.10, p=0.28, 95% CI
[— 8.72; 29.70]. For full descriptive statistics, see Table 4
in Supplementary Material.

Free-recall

No significant difference was found between the mind-
fulness induction (0.32 +£0.14) and story (0.28 £0.11)
conditions for the ratio of correct recalled item with
F(1,41)=0.03, p=0.86, 772 <0.01, neither for the ratio of
false recall with F(1,41)=0.04, p=0.84, ;12 <0.01; mind-
fulness induction (0.09 +0.12) and story (0.09 +0.10).

Hit and false-recognition rates
For the correct recognition rate (hits), no significant dif-

ference was reported between mindfulness induction
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(0.54+0.16) and story (0.51 +0.14) with F(1,41)=0.34,
p=0.56,11><0.01. For the false-recognition rate, we found
a significant main effect of the type of items on false rec-
ognition with F(3,167)=35.51, p<0.001, n2 =0.37. The
post hoc analyses revealed that false-recognition rate of
critical items (0.34 +0.20) was significantly higher than
semantic (0.18 +0.13, p <0.001), perceptual (0.21 +0.12,
p<0.001) and neutral items (0.06 +0.06, p <0.001). More-
over, false-recognition rates of neutral items were signifi-
cantly lower (all p <0.001) than perceptual and semantic
items (see Fig. la and Supplementary material). The dif-
ference between perceptual and semantic items was not
significant (p =0.30). The main effect of the induction was
not significant with mindfulness induction (0.19 +0.16) and
story (0.21 +0.18) with F(1,167)=1.79, p=0.18, * <0.01.
At last, the interaction between the induction and the type
of items was not significant with F(3,167)=0.29 p=0.83,
7> <0.01.

SDT indexes

For the discrimination index (A’), a main effect of the
induction was observed with F(1,167)=5.88, p=0.02,
n%<0.01, indicating a significant difference between mind-
fulness induction (0.77+0.11) and story (0.73 +£0.13).
The main effect of the type of items was also significant
with F(3,167)=31.73, p<0.001, n?=0.33. The post hoc
analyses revealed that discrimination index was signifi-
cantly lower for critical items (0.65 £+ 0.15) compared to
semantic (0.76 £0.11, p<0.001), perceptual (0.75 +0.06,
p<0.001), and neutral items (0.85+0.06, p <0.001).
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Fig.1 Box plot of memory performances by types of lures and type
of induction. a False recognition rate. b Discrimination index (A’)
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Moreover, discrimination index was significantly higher for
neutral items, compared to perceptual and semantic items
(all p<0.001). The difference between perceptual and
semantic items was not significant (p =0.80). See Fig. 1b
and see Supplementary material. A lack of significant inter-
action between the induction and the type of items was also
reported with F(3,167)=0.29, p=0.83, 772 <0.01.

For the response bias, we found a significant main effect
of the type of items with F(3,167)=20.50, p <0.001,
1#*=0.26. The post hoc analyses revealed a significant lower
score for critical items (0.24 +0.50) compared to semantic
(0.58 +£0.37, p<0.001), perceptual (0.47+0.39, p=0.01)
and neutral items (0.85+0.18, p <0.001). Moreover, the
score was higher for neutral items, compared to perceptual
and semantic items (all p <0.001). The difference between
perceptual and semantic items was not significant (p =0.18),
see Supplementary material. We did not find any signifi-
cant effect of the induction with F(1,167)<0.01, p=0.95,
;72 <0.01, and no significant interaction with F(3,167)=0.20,
»=0.90, n*<0.01.

Recollection and familiarity

For the correct recognitions, we found a trend effect
of the induction on the recollection scores with F(1;
41)=3.54, p=0.07, 172 =0 0.03, with mindfulness induction
(0.40 +0.14) having a higher score than story (0.33 +0.14).
For the familiarity scores, we did not find any effect of the
induction with F(1; 41)=0.03, p=0.87, 5*<0.01.

For the false recognition, we found a significant main
effect of the type of items on the recollection scores,
with F(3; 167)=13.50, p<0.001, ;12=0.19. The post hoc
analyses revealed a greater recollection score for critical
items (0.10+0.14), compared to semantic (0.04 +0.05,
p <0.01), perceptual (0.09 +0.05, p=0.01), and neutral
items (0.01 +0.02, p <0.001). Moreover, neutral items
were associated with a lower recollection score compared to
perceptual items (p <0.001) and semantic items (p =0.05).
The difference between perceptual and semantic items was
not significant (p =0.18), see Supplementary material. The
main effect of the induction with F(1; 167)=1.08, p=0.30,
;12 <0.01, and the interaction with F(3; 167)=1.06, p=0.37,
> <0.05 were not significant.

For the familiarity scores, we found a main effect of
type of items, with F(3; 167)=9.67, p<0.001, n>=0.14.
The post hoc analyses revealed greater scores for criti-
cal (0.16 £0.12) compared to semantic (0.06 +0.07,
p=0.02), perceptual (0.06 +0.06, p=0.05), and neutral
items (0.01 +0.03, p <0.001). Scores of familiarity were
also significantly lower for neutral compared to perceptual
(p=0.05) and semantic items (p =0.05) items. The differ-
ence between perceptual and semantic items was not signifi-
cant (p =1.00), see Supplementary material. The main effect
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of the induction with F(1; 167)<0.01, p=0.97, nz <0.01
and the interaction with F(3; 167)=0.16, p=0.92, 172 <0.01
were not significant.

Dispositional mindfulness

For the free recall, the facet Non-Reactivity significantly
predicted correct recall rate with 5=0.06, p=0.02, ;12 =0.12.
The global model was significant with F(1; 42)=5.78,
p=0.02, adjusted R>=0.10 (see Fig. 2). None of the facets
significantly predicted the false recall rate, with the global
model being non-significant with F(1; 42)=2.99, p=0.09,
adjusted R>=0.04.
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0.2
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FFMQ - Non-Reactivity

0.6

04

0.2

Recollection of correct recognition

2 3 4
FFMQ - Non-Reactivity

Fig.2 Regression lines between FFMQ facets and memory perfor-
mances. a Relationship between the Non-Reactivity facet of mindful-
ness and total recall rate. b Relationship between the Non-Reactivity
facet of mindfulness and A’ index. ¢ Relationship between the Non-
Reactivity facet of mindfulness and recollection of correct recogni-

For the correct recognition rate, we did not observe any
effect of the facets, with F(1; 42)=2.88, p=0.10, adjusted
R*=0.04. The same results were reported for the false-
recognition rate, with F(3; 40)=2.00, p =0.13, adjusted
R*=0.07.

For the SDT indexes, the facet Non-Reactivity posi-
tively predicted to the A’, with »=0.04, p=0.02, 712 =0.14,
with the global model being significant with F(1;
42)=5.86, p=0.02, adjusted R>=0.10 (see Fig. 2). None
of the facets significantly predicted the response bias with
F(2;41)=1.74, p=0.19, adjusted R>=0.03.

For the recollection score, a positive effect was observed
for the facet Non-Reactivity for the correct recognition,

3
FFMQ - Non-Reactivity

0.15

0.10- °

Recollection for false recognition

0.00 °
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FFMQ - Acting with Awareness

tion. d Relationship between the Acting with Awareness facet of
mindfulness and recollection of false recognition. Solid lines repre-
sent regression lines and transparent grey areas represent 95% confi-
dence interval
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with »=0.06, p=0.05, n>=0.08, with the global model
being significant and F(2; 41)=4.11, p=0.05, adjusted
R*=0.07 (see Fig. 2). We also found that the facet Acting
with Awareness positively predicted the recollection score
for the false recognition with b=0.02, p =0.03, n2 <0.01,
with the global model being significant F(1; 42)=5.07,
p=0.03 and adjusted R?>=0.09 (see Fig. 2). For the famili-
arity score, none of the facets significantly predicted the
familiarity score for the correct recognitions, with F(1;
42)=2.5, p=0.12 and adjusted R*=0.03, neither for
the false recognitions, with F(5; 38)=0.93, p=0.47 and
adjusted R*>=— 0.01.

Discussion

False memories have been extensively studied either in false
recall and false-recognition tasks to investigate the memory
process occurring during encoding and retrieval phases,
highlighting healthy and pathological functions. The present
study aimed to investigate the impact of state and disposi-
tional mindfulness on false memories production using an
adaptation of the classical DRM task into virtual reality. Our
main results were that mindfulness induction did not affect
the rate of false recall or false recognition. Nevertheless,
the mindfulness induction significantly improved memory
sensitivity as witnessed by higher discrimination, measured
with the A’, than following the control induction. Moreo-
ver, we found a positive and negative effect of dispositional
mindfulness on memory performances. Indeed, the facet
Non-Reactivity positively predicted the total recall of items,
the recollection score of studied items and the discrimina-
tion index. Overall, we found a positive association between
state and dispositional mindfulness with memory capacities
by improving recall, recollection and memory sensitivity.
Although, a potential side-effect of the facet Acting with
Awareness was also observed, with a positive correlation
with the recollection score of items incorrectly recognized
as old.

Our null findings on the impact of mindfulness medita-
tion on false memories productions is in contradiction with
previous studies reporting either an increased susceptibility
(Rosentreich, 2016; Rosentreich & Ruderman, 2017; Wilson
et al., 2015) or a reduction in false recalls or recognitions
(Baranski & Was, 2017; Calvillo et al., 2018).

A failure of our experimental manipulation cannot eas-
ily explain these null findings. Indeed, participants reported
being more aware of their body sensations and having a
more stable attentional focus after a short meditation induc-
tion than listening to a short story. Thus, the cognitive state
reported by our participants after the mindfulness induction
was in the expected direction. Moreover, participants in the
mindfulness induction reported being sleepier. Consistent
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with the proposal that participants naive to meditation can
find the exercise more effortful and thus feel more fatigue
and sleep propensity (Britton et al., 2014), previous stud-
ies have already reported increased sleepiness after a brief
mindfulness induction (Lin et al., 2020). Besides, our results
are in line with other studies failing to report any significant
effect of a short mindfulness induction on false memories
(Baranski & Was, 2017; Sherman & Grange, 2020). Never-
theless, a direct comparison with the aforementioned studies
is not straightforward due to methodological differences. In
that respect, Wilson et al. (2015) and Rosentreich (2016)
have used the ‘classical’ DRM paradigm, with a mindful-
ness induction before the encoding compared to a mind-
wandering control condition. Baranski and Was (2017) used
a similar procedure but, in one experiment, warned partici-
pants about the presence of potential lures, while Calvillo
et al. (2018) delivered the induction after the encoding. More
recently, Sherman and Grange (2020) used puzzle-solving
instead of mind-wandering as a control condition. One likely
explanation for these heterogeneous results is that the effect
of mindfulness meditation on false memory is not robust
and generalizable to all conditions. As a matter of facts, the
present study employed pictorial instead of verbal material.
As mentioned in the introduction, such material usually
improves memory performances due to the availability of
perceptual information, allowing the discrimination of stud-
ied item from lures. In that respect, our translation from a
classical DRM material to a 3-D realistic environment could
explain the lack of reproducibility of previous studies due
to the addition of perceptual cues. The material used in this
study could also explain why we reported that participants
in the mindfulness meditation condition had higher memory
sensitivity than the control group. This latter finding echoes
those reported on the effect of brief mindfulness medita-
tion on episodic memory (Brown et al., 2016) and extend it
to visual material encoded in a complex environment. We
also reported a trend toward a higher score of recollection
for correct recognition after the mindfulness induction. This
finding is again in line with Brown et al. (2016) reporting
that mindfulness was linked only to higher memory sensitiv-
ity for ‘remember’, but not for ‘know’, responses. Moreo-
ver, contrary to Rosentreich and Ruderman (2017), we did
not find a significant effect of mindfulness meditation on
response bias. Altogether, our results seem to contradict Levi
and Rosentreich (2019) recent proposition that mindfulness
would affect memory performances mostly by changes in
decision-making processes.

Nevertheless, we did not observe a significant effect of
mindfulness on correct recall or recognition despite better
memory accuracy scores. Thereupon, the DRM transla-
tion into a virtual environment generated an overall decrease
in memory performances compared to a classical verbal
material with around 30% of correct recall and 50% correct
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recognition. In that respect, the media richness of virtual
reality could have led to a higher cognitive load in perceptual
information to encode, since DRM lists and other irrelevant
items composed our environment (e.g., virtual avatars, road
traffic, buildings). According to Schrader and Bastiaens
(2012), virtual environments could lower memory perfor-
mances partly because of the cognitive load induced by the
sense of presence, characterized by feeling immersed in the
3-D environment and react as if it was real. Nevertheless,
more than being a limitation, this seems to mirror memory
performances for real-life events. Indeed, Misra et al. (2018)
observed that participants did not retain much of the details
of their everyday life experiences. These findings stress the
limitations of classical investigation of memory processes
using laboratory material (e.g., words or pictures lists). In
line with this assumption, La Corte et al. (2019) pointed out
that virtual reality could provide a greater ecological valid-
ity to investigate memory processes and tackle these current
methodological limitations.

Concerning dispositional mindfulness, we found that
different facets could lead to opposite effects on memory
performances. On the one hand, the facet Non-Reactivity
positively predicted the correct recall ratio, the recollection
score of studied items and the discrimination index (A').
Thus, this facet globally predicted better memory perfor-
mances. On the other hand, the facet Acting with Awareness
increased the recollection score associated with lures false
recognition. Some studies suggest that Non-Reactivity is
associated with cognitive control (Anicha et al., 2012; Seli
et al., 2015). These observations seem to fit nicely with the
reported positive association between Non-Reactivity and
memory performances, given the link between cognitive
control and memory encoding (Chiu et al., 2015a; b; Krebs
et al., 2013; Rosner et al., 2015; Sperduti et al., 2017b). The
explanation of the association between Acting with Aware-
ness and the recollection score associated with lures false
recognition is less straightforward. Brown et al. (2016) did
not report any association between this facet and memory
performances, but they did not investigate false memory. Our
result is partially coherent with Yeh and Lu (2017) report-
ing a positive correlation between dispositional mindfulness
as measured by the MASS and the number of recognized
critical lures. Even if we employed a different dispositional
mindfulness measure, the Acting with Awareness subscale
of the FFMQ and the MASS are similar constructs. Indeed,
five out of the eight items measuring Acting with Awareness
belong to the MASS, and basically, they both assess the
tendency to be attentive to the present moment experience.
Nevertheless, Yeh and Lu (2017) found this positive associa-
tion when the items distinctiveness was low, while we found
it in a highly distinctive setting. Though, as mentioned ear-
lier, using a virtual environment could lead to cognitive load,
impairing encoding processes, it remains to explain why

Acting with Awareness should increase false-memory for-
mation. Using verbal material, Dorjee et al. (2015) reported
that participants with high, compared to low, trait mindful-
ness displayed less “semantic cost” (e.g., the difference in
the judgement accuracy between unrelated and related pairs)
when judging the semantic association of pairs of related
and unrelated words. Thus, one hypothesis is that disposi-
tional mindfulness would enhance semantic processes and
facilitate the spread of activation in the semantic network
during encoding, leading to an increased false-memory for-
mation. We suggest that in a 3-D virtual environment, such
semantic propagation still occurs and, despite additional per-
ceptual cues, could lead to phantom recollection, character-
ized by a recollection of lures due to the strong activation
of semantic information during encoding (Brainerd et al.,
2003). Nevertheless, the present study does not allow us to
bring more evidence to defend this explanation, and further
investigations are required to support this statement. Our
results on the link between dispositional mindfulness and
memory also have methodological implications. They high-
light that dispositional mindfulness is a multi-dimensional
concept rather than a monolithic process. Moreover, since
dispositional mindfulness impacts memory performances,
this should systematically be assessed in studies investigat-
ing the impact of mindfulness meditation on memory.

Conclusion

To conclude, our results do not support the claim that
mindfulness is associated with an increase in false mem-
ory. Indeed, we found that a short mindfulness induction
improved memory sensitivity and recollective processes
without affecting false-memory rates. Similarly, dispo-
sitional mindfulness was mainly associated with better
memory performances, except for the Acting with Aware-
ness subscale predicting higher recollection score associated
with lures false recognition. The present findings nuance
the proposal that mindfulness would affect memory, mostly
changing decision-making processes (Levi & Rosentreich,
2019), suggesting a possible effect on both encoding and
retrieval processes. Undoubtedly, our study is not conclusive
on this question since it is hard to disentangle encoding and
retrieval processes only with behavioral measures. Future
studies employing neuroimaging techniques (e.g., EEG,
fMRI) should shed light on this issue.

The present study presents several limitations. First of
all, our sample size is relatively small compared to previous
studies. Therefore, a replication of the present study with
larger sample size is warranted. Second, we only employed
visual material, so we could not directly test the differential
impact of mindfulness depending on the studied material on
the same participants.
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Besides, using a 3-D environment could have induced
cognitive load, potentially explaining our failure to replicate
previous observations. We are already running a follow-up
study to investigate these issues. Finally, a limitation shared
with most of the studies on the impact of mindfulness medi-
tation on memory is that we employed a short meditation
session (15 min). Thus, it could be that this short dura-
tion is not enough to produce a measurable effect on false
memory. Accordingly, some previous studies also did not
find any effect on cognition after a short meditation ses-
sion (Droit-Volet et al., 2015; Girardeau et al., 2020; John-
son et al., 2015; Larson et al., 2013). Nevertheless, we did
find an effect on memory sensitivity, and the cognitive state
reported by our participants after the mindfulness induction
was in the expected direction. Thus, it is not likely that our
results are due to a lack of effectiveness of our experimental
manipulation. Another limitation is that the manipulation
check was executed after the induction and based only on
self-report. Further studies employing more extensive medi-
tation practice and other mindfulness state assessments are
required, as suggested by recent critics targeting the research
field of mindfulness (Davidson & Kaszniak, 2015).

To our knowledge, this is the first study investigating the
impact of mindfulness on memory formation in a complex
environment closer to real-life. Our results show that state
and dispositional mindfulness could have an overall benefi-
cial effect on memory and encourage employing these prac-
tices as a stimulation or remediation tool against memory
impairments.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00426-021-01504-7.

Acknowledgements The authors would like to thank the following
master students that helped to collect data: Tom Fromentin, Lorina
Coudin, Floriane Dupré, and Bénedicte Thibault. We also want to thank
Dominique Makowski, Philippe Blondé, and Jean-Charles Girardeau
for their insights and constructive comments along the project. At last,
we would like to express our gratefulness to Mark Crook-Rumsey for
his help in proof-reading.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional research committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long

@ Springer

as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abichou, K., La Corte, V., Nicolas, S., & Piolino, P. (2020). False
memory in normal ageing: empirical data from the DRM para-
digm and theoretical perspectives. Geriatrie et Psychologie Neu-
ropsychiatrie du Vieillissement, 18(1), 65-75. https://doi.org/10.
1684/pnv.2020.0862

Abichou, K., La Corte, V., Sperduti, M., Gaston-Bellegarde, A, Nico-
las, S., Piolino, P. (2021). The production of false recognition and
the associated state of consciousness following encoding in a nat-
uralistic context in aging. Consciousness and Cognition, in press

Analayo, B. (2016). Early Buddhist mindfulness and memory, the
body, and pain. Mindfulness, 7(6), 1271-1280.

Anicha, C. L., Ode, S., Moeller, S. K., & Robinson, M. D. (2012).
Toward a cognitive view of trait mindfulness: distinct cognitive
skills predict its observing and nonreactivity facets. Journal of
personality, 80(2), 255-285.

Arndt, J. (2006). Distinctive information and false recognition: the
contribution of encoding and retrieval factors. Journal of Mem-
ory and Language, 54(1), 113-130.

Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., & Toney, L.
(2006). Using self-report assessment methods to explore facets
of mindfulness. Assessment, 13(1), 27-45.

Baranski, M., & Was, C. A. (2017). Mindfulness meditation may
not increase false-memory and may instead protect from false-
memory susceptibility. Mindfulness, 8(6), 1569-1579.

Brainerd, C. J., Payne, D. G., Wright, R., & Reyna, V. F. (2003).
Phantom recall. Journal of Memory and Language, 48(3),
445-467.

Brainerd, C. J., & Reyna, V. F. (2002). Fuzzy-trace theory and false
memory. Current Directions in Psychological Science, 11(5),
164-169.

Britton, W. B., Lindahl, J. R., Cahn, B. R., Davis, J. H., & Goldman, R.
E. (2014). Awakening is not a metaphor: the effects of Buddhist
meditation practices on basic wakefulness. Annals of the New York
Academy of Sciences, 1307, 64.

Brown, K. W., Goodman, R. J., Ryan, R. M., & Analayo, B. (2016).
Mindfulness enhances episodic memory performance: evidence
from a multimethod investigation. PLoS ONE, 11(4), e0153309.

Brown, K. W., & Ryan, R. M. (2003). The benefits of being present:
mindfulness and its role in psychological well-being. Journal of
Personality and Social Psychology, 84(4), 822.

Budson, A. E., Daffner, K. R., Desikan, R., & Schacter, D. L. (2000).
When false recognition is unopposed by true recognition: Gist-
based memory distortion in Alzheimer’s disease. Neuropsychol-
ogy, 14(2), 2717.

Calvillo, D. P., Flores, A. N., & Gonzales, L. C. (2018). A brief mind-
fulness induction after encoding decreases false recognition in the
Deese-Roediger-McDermott paradigm. Psychology of Conscious-
ness: Theory, Research, and Practice, 5(2), 131.

Chiesa, A., Calati, R., & Serretti, A. (2011). Does mindfulness
training improve cognitive abilities? A systematic review of


https://doi.org/10.1007/s00426-021-01504-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1684/pnv.2020.0862
https://doi.org/10.1684/pnv.2020.0862

Psychological Research

neuropsychological findings. Clinical Psychology Review, 31(3),
449-464.

Chiu, Y. C., & Egner, T. (2015a). Inhibition-induced forgetting when
more control leads to less memory. Psychological Science, 26(1),
27-38.

Chiu, Y. C., & Egner, T. (2015b). Inhibition-induced forgetting results
from resource competition between response inhibition and
memory encoding processes. Journal of Neuroscience, 35(34),
11936-11945.

Collet, L., & Cottraux, J. (1986). The shortened Beck depression
inventory (13 items). Study of the concurrent validity with the
Hamilton scale and Widlocher’s retardation scale. L’Encephale,
12(2), 77-179.

Colzato, L. S., Ozturk, A., & Hommel, B. (2012). Meditate to create:
the impact of focused- attention and open-monitoring training
on convergent and divergent thinking. Frontiers in Psychology, 3

Crawley, R. (2015). Trait mindfulness and autobiographical memory
specificity. Cognitive Processing, 16(1), 79-86.

Davidson, R. J., & Kaszniak, A. W. (2015). Conceptual and methodo-
logical issues in research on mindfulness and meditation. Ameri-
can Psychologist, 70(7), 581.

Deese, J. (1959). On the prediction of occurrence of particular verbal
intrusions in immediate recall. Journal of Experimental Psychol-
ogy, 58(1), 17-22. https://doi.org/10.1037/h0046671

Dorjee, D., Lally, N., Darrall-Rew, J., & Thierry, G. (2015). Disposi-
tional mindfulness and semantic integration of emotional words:
evidence from event-related brain potentials. Neuroscience
Research, 97, 45-51.

Droit-Volet, S., Fanget, M., & Dambrun, M. (2015). Mindfulness
meditation and relaxation training increases time sensitivity. Con-
sciousness and Cognition, 31, 86-97.

Drowos, D. B., Berryhill, M., André, J. M., & Olson, L. R. (2010). True
memory, false memory, and subjective recollection deficits after
focal parietal lobe lesions. Neuropsychology, 24(4), 465.

Foley, M. A., & Foy, J. (2008). Pictorial encoding effects and memory
confusions in the Deese—Roediger—-McDermott paradigm: evi-
dence for the activation of spontaneous imagery. Memory, 16(7),
712-7217.

Gallo, D. A. (2010). False memories and fantastic beliefs: 15 years of
the DRM illusion. Memory & Cognition, 38(7), 833—-848.

Gallo, D. A., & Roediger, H. L., III. (2002). Variability among word
lists in eliciting memory illusions: evidence for associative acti-
vation and monitoring. Journal of Memory and Language, 47(3),
469-497.

Gardiner, J. M., Ramponi, C., & Richardson-Klavehn, A. (1998). Expe-
riences of remembering, knowing, and guessing. Consciousness
and Cognition, 7(1), 1-26.

Girardeau, J. C., Blondé, P., Makowski, D., Abram, M., Piolino, P., &
Sperduti, M. (2020). The impact of state and dispositional mind-
fulness on prospective memory: a virtual reality study. Conscious-
ness and Cognition, 81, 102920.

Hargus, E., Crane, C., Barnhofer, T., & Williams, J. M. G. (2010).
Effects of mindfulness on meta-awareness and specificity of
describing prodromal symptoms in suicidal depression. Emotion,
10(1), 34.

Heeren, A., Douilliez, C., Peschard, V., Debrauwere, L., & Philippot, P.
(2011). Cross-cultural validity of the five facets mindfulness ques-
tionnaire: adaptation and validation in a French-speaking sample.
Revue Européenne de Psychologie Appliquée/European Review
of Applied Psychology, 61(3), 147-151.

Heeren, A., Van Broeck, N., & Philippot, P. (2009). The effects of
mindfulness on executive processes and autobiographical memory
specificity. Behaviour Research and Therapy, 47(5), 403—409.

Hermans, D., Vandromme, H., Debeer, E., Raes, F., Demyttenaere,
K., Brunfaut, E., & Williams, J. M. G. (2008). Overgeneral

autobiographical memory predicts diagnostic status in depression.
Behaviour Research and Therapy, 46(5), 668—6717.

Huff, M. J., Bodner, G. E., & Fawcett, J. M. (2015). Effects of distinc-
tive encoding on correct and false memory: a meta-analytic review
of costs and benefits and their origins in the DRM paradigm. Psy-
chonomic Bulletin & Review, 22(2), 349-365.

Israel, L., & Schacter, D. L. (1997). Pictorial encoding reduces false
recognition of semantic associates. Psychonomic Bulletin &
Review, 4(4), 577-581.

Jha, A. P., Krompinger, J., & Baime, M. J. (2007). Mindfulness training
modifies subsystems of attention. Cognitive, Affective, & Behav-
ioral Neuroscience, 7(2), 109-119.

Johnson, S., Gur, R. M., David, Z., & Currier, E. (2015). One-session
mindfulness meditation: a randomized controlled study of effects
on cognition and mood. Mindfulness, 6(1), 88-98.

Kabat-Zinn, J. (1994). Wherever you go, there you are: mindfulness
meditation in everyday life. Hyperion.

Knott, L. M., & Dewhurst, S. A. (2007). The effects of divided atten-
tion at study and test on false recognition: a comparison of DRM
and categorized lists. Memory & Cognition, 35(8), 1954—-1965.

Konjedi, S., & Maleeh, R. (2020). Sleep and mindfulness meditation
as they relate to false memory. Psychological Research Psycholo-
gische Forschung, 84(4), 1084-1111.

Kramer, R. S., Weger, U. W., & Sharma, D. (2013). The effect of mind-
fulness meditation on time perception. Consciousness and Cogni-
tion, 22(3), 846-852.

Krebs, R. M., Boehler, C. N., De Belder, M., & Egner, T. (2013).
Neural conflict— control mechanisms improve memory for target
stimuli. Cerebral Cortex, 25(3), 833-843.

La Corte, V., Sperduti, M., Abichou, K., & Piolino, P. (2019). Episodic
memory assessment and remediation in normal and pathological
aging using virtual reality: a mini review. Frontiers in Psychol-
ogy, 10, 173.

Langevin, S., Sauzéon, H., Taconnat, L., & Bernard, N. (2009). Les
fausses reconnaissances induites par les paradigmes DRM, MI et
taches dérivées. L’Année Psychologique, 109(04), 699.

Larson, M. J., Steffen, P. R., & Pimosch, M. (2013). The impact of a
brief mindfulness meditation intervention on cognitive control
and error-related performance monitoring. Frontiers in Human
Neuroscience, 7

Levi, U., & Rosenstreich, E. (2019). Mindfulness and memory: a
review of findings and a potential model. Journal of Cognitive
Enhancement, 3(3), 302-314.

Lezak, M. D., Howieson, D. B., Loring, D. W., & Fischer, J. S. (2004).
Neuropsychological assessment. Oxford University Press.

Lin, Y., Gloe, L. M., Louis, C. C., Eckerle, W. D., Fisher, M. E., &
Moser, J. S. (2020). An electrophysiological investigation on the
emotion regulatory mechanisms of brief open monitoring medita-
tion in novice non-meditators. Scientific Reports, 10(1), 1-20.

Lloyd, M., Szani, A., Rubenstein, K., Colgary, C., & Pereira-Pasarin,
L. (2016). A brief mindfulness exercise before retrieval reduces
recognition memory false alarms. Mindfulness, 7(3), 606-613.

Lutz, A., Slagter, H. A., Dunne, J. D., & Davidson, R. J. (2008). Atten-
tion regulation and monitoring in meditation. Trends in Cognitive
Sciences, 12(4), 163-169.

Lykins, E. L., Baer, R. A., & Gottlob, L. R. (2012). Performance-based
tests of attention and memory in long-term mindfulness medi-
tators and demographically matched nonmeditators. Cognitive
Therapy and Research, 36(1), 103—114.

Makowski, D., & Dutriaux, L. (2017). Neuropsydia. py: a python mod-
ule for creating experiments, tasks and questionnaires. Journal of
Open Source Software

Matthews, G., Joyner, L., Gilliland, K., Campbell, S., Falconer, S., &
Huggins, J. (1999). Validation of a comprehensive stress state

@ Springer


https://doi.org/10.1037/h0046671

Psychological Research

questionnaire: towards a state big three. Personality Psychology
in Europe, 7, 335-350.

Misra, P., Marconi, A., Peterson, M., & Kreiman, G. (2018). Mini-
mal memory for details in real life events. Scientific reports, 8(1),
1-11.

Naveh-Benjamin, M., Craik, F. I., Gavrilescu, D., & Anderson, N. D.
(2000). Asymmetry between encoding and retrieval processes:
evidence from divided attention and a calibration analysis. Mem-
ory & Cognition, 28(6), 965-976.

Olszewska, J., & Ulatowska, J. (2019). The effect of presentation
format and encoding strategy on associative memory distortion.
European Review of Applied Psychology, 69(2), 65-72.

Pallier, C. (2002). Computing discriminability and bias with the R
software. http://www.pallier.org/ressources/aprime/aprime.pdf

Roediger, H. L., & McDermott, K. B. (1995). Creating false memories:
remembering words not presented in lists. Journal of Experimen-
tal Psychology: Learning, Memory, and Cognition, 21, 803-814.

Rosenstreich, E. (2016). Mindfulness and false-memories: the impact
of mindfulness practice on the DRM paradigm. The Journal of
Psychology, 150(1), 58-71.

Rosenstreich, E., & Ruderman, L. (2016). Not sensitive, yet less biased:
a signal detection theory perspective on mindfulness, attention,
and recognition memory. Consciousness and Cognition, 43,
48-56.

Rosenstreich, E., & Ruderman, L. (2017). A dual-process perspective
on mindfulness, memory, and consciousness. Mindfulness, 8(2),
505-516.

Rosner, T. M., D’Angelo, M. C., MacLellan, E., & Milliken, B. (2015).
Selective attention and recognition: effects of congruency on
episodic learning. Psychological Research Psychologische
Forschung, 79(3), 411-424.

Schofield, T. P., Creswell, J. D., & Denson, T. F. (2015). Brief mindful-
ness induction reduces inattentional blindness. Consciousness and
Cognition, 37, 63-70.

Schrader, C., & Bastiaens, T. J. (2012). The influence of virtual pres-
ence: effects on experienced cognitive load and learning outcomes
in educational computer games. Computers in Human Behavior,
28(2), 648-658.

Seli, P., Carriere, J. S., & Smilek, D. (2015). Not all mind wandering
is created equal: Dissociating deliberate from spontaneous mind
wandering. Psychological Research Psychologische Forschung,
79(5), 750-758.

Sherman, S., & Grange, J. A. (2020). Exploring the impact of mindful-
ness on false-memory susceptibility. Psychological Science

@ Springer

Sperduti, M., Armougum, A., Makowski, D., Blondé, P., & Piolino,
P. (2017a). Interaction between attentional systems and episodic
memory encoding: the impact of conflict on binding of informa-
tion. Experimental Brain Research, 235(12), 3553-3560.

Sperduti, M., Makowski, D., Blondé, P., & Piolino, P. (2017b). Medi-
tation and successful aging: can meditative practices counteract
age-related cognitive decline? Geriatrie et Psychologie Neuropsy-
chiatrie du Vieillissement, 15(2), 205-213.

Tanay, G., & Bernstein, A. (2013). State mindfulness scale (SMS):
development and initial validation. Psychological assessment,
25(4), 1286.

Tang, Y.-Y., Holzel, B. K., & Posner, M. L. (2015). The neuroscience
of mindfulness meditation. Nature Reviews Neuroscience, 16(4),
213-225.

Tang, Y.-Y., Ma, Y., Wang, J., Fan, Y., Feng, S., Lu, Q., et al. (2007).
Short-term meditation training improves attention and self-regu-
lation. Proceedings of the National Academy of Sciences, 104(43),
17152-17156.

Wechsler, D. (2001). Wechsler Test of Adult Reading: WTAR. Psy-
chological Corporation

Williams, J. M. G., Teasdale, J. D., Segal, Z. V., & Soulsby, J. (2000).
Mindfulness-based cognitive therapy reduces overgeneral auto-
biographical memory in formerly depressed patients. Journal of
abnormal psychology, 109(1), 150.

Wilson, B. M., Mickes, L., Stolarz-Fantino, S., Evrard, M., & Fantino,
E. (2015). Increased false-memory susceptibility after mindful-
ness meditation. Psychological Science, 26(10), 1567-1573.

Yeh, L. H., & Lu, A. Y. C. (2017). Relationship between trait mindful-
ness and false memory: a bilingual Deese—Roediger—-McDermott
paradigm. Universal Journal of Psychology, 5(3), 105-113.

Yonelinas, A. P., & Jacoby, L. L. (2012). The process-dissociation
approach two decades later: convergence, boundary conditions,
and new directions. Memory & Cognition, 40(5), 663—680.

Zeidan, F., Johnson, S. K., Diamond, B. J., David, Z., & Goolkasian,
P. (2010). Mindfulness meditation improves cognition: evidence
of brief mental training. Consciousness and Cognition, 19(2),
597-605.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://www.pallier.org/ressources/aprime/aprime.pdf

	Mindfulness and false memories: state and dispositional mindfulness does not increase false memories for naturalistic scenes presented in a virtual environment
	Abstract
	Introduction
	Mindfulness and memory
	False memories
	Mindfulness and false memories
	Current investigation

	Materials and methods
	Participants
	Questionnaires and neuropsychological assessment
	Questionnaires
	Neuropsychological assessment

	Inductions
	Manipulation checks
	Memory task in virtual reality: FalseMem Task
	Procedure

	Data analyses
	Results
	Manipulation checks
	Free-recall
	Hit and false-recognition rates
	SDT indexes
	Recollection and familiarity
	Dispositional mindfulness

	Discussion
	Conclusion
	Acknowledgements 
	References




