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The purpose of the present study was to investigate whether mindfulness and cognitive intrusions
predict recollection. Using electroencephalogram methodology, we investigated 31 participants
who performed a recognition task and reported situational mindfulness as well as task-irrelevant
(TII) and task-relevant intrusions (TRI). We used behavioral measures (response accuracy) to analyze performance effectiveness and event-related potentials (ERP) to measure processing efficiency (compensatory processes) associated with performance of the task. Results suggest that
being mindful during a task slightly improves recognition of old and new but not similar probes.
Although worrying about the outcomes (i.e., TRI) facilitates improvement in true recognition of
old probes, it also impairs correct rejection of new probes. Moreover, TRI predicted the strength
of ERP effects associated with compensatory processes involved in recollection. We conclude that
mindfulness slightly improves recognition without involvement of the compensatory effort and
worrying partly increases responding accuracy at the cost of diminished processing efficiency.

INTRODUCTION
Dual-process models of recognition distinguish two independent

would probably experience a strong familiarity effect, indicating that

mechanisms that guide our memory judgments: a vague, yet conscious

we know the person. However, familiarity does not provide any further

feeling of familiarity, unsubstantiated by any specific characteristics of

information that allows for identifying the source of this experience.

the past; and recollection of detailed, contextualized information about

If we searched our memory, we could retrieve more detailed and con-

the previous events (Yonelinas, 2002). A simple example can illustrate
the distinction between these two processes. Let us imagine that we
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textualized information sufficient to recall the source of the feeling of

mindfulness affects the processes of scanning and evaluating memory

knowing the person.

but not memory itself. They emphasized a need for further research on

Mindfulness and Episodic Memory

mindfulness and episodic memory.
In this context, the first aim of the present study was to verify Levi

Recollection is not always successful because it requires intentional and

and Rosenstreich`s (2018) suggestions and examine the relationship

conscious processing of limited information—cognitive resources. In

between mindfulness and recollection processes. We focused on act-

line with this claim, several studies found that recollection is strongly

ing with awareness (Brown & Ryan, 2003) as the mindfulness facet

related both to attentional resources (e.g., Knott & Dewhurst, 2007;

particularly important for recollection. Because previous studies found

Rosenstreich & Goshen-Gottstein, 2015) and to working memory

effects of dispositional mindfulness only on familiarity, but not on rec-

capacity (WMC; e.g., Elward, Evans, & Wilding, 2013). It seems rea-

ollection (Rosenstreich & Ruderman, 2016; 2017), and state mindful-

sonable to expect that factors enhancing the availability of attentional

ness was associated with remembering accuracy in at least one study

resources and WMC will also improve retrieving information from

(Brown et al., 2016), we decided to investigate the latter.

episodic memory. The natural candidate for such a variable is minda state of mind that “emerges through paying attention on purpose,

Cognitive Intrusions and Episodic
Memory

in the present moment, and nonjudgementally to the unfolding of

Some authors criticize investigations of mindfulness that use self-

experience moment by moment” (Kabat-Zinn, 2003, p.145). Although

report measures instead of inducing state mindfulness via meditation

mindfulness is often associated with meditation practice, it can be also

practice (e.g., Grossman, 2011). They argue that mindfulness defined

conceptualized as receptive and open attention and awareness directed

and measured as acting with awareness does not differ from other sim-

toward ongoing events; as such, it is a natural and spontaneous state of

ilar phenomena such as lapses in attention or mind-wandering. This

mind that fluctuates in time and can be experienced with no medita-

criticism should be taken seriously and tested empirically, particularly

tional practice (Brown & Ryan, 2003).

in cognitive tasks, because full attention allocation to the task require-

fulness (Jankowski & Holas, 2014; Levi & Rosenstreich, 2018), that is,

Several studies showed that mindfulness is associated with im-

ments (e.g., recalling detailed information) can be reduced due to

provement in cognitive functions (van Vugt, 2015), particularly with

cognitive intrusions that automatically arise in the participants’ minds.

the improved allocation of attentional resources (e.g., Norris, Creem,

Therefore, in the present study we tested the relationship between

Hendler, & Kobe, 2018) and increased WMC (e.g., Jha, Krompinger,

mindfulness and recollection under control of cognitive intrusions.

& Baime, 2007). Mindfulness was also found to predict more specific

Task-irrelevant intrusions (TII) are an example of mind-wandering

autobiographical memories, which suggests its positive association

during a task. These usually capture one’s attention and overload the

with improved recollection (e.g., Heeren, van Broeck, & Philippot,

WMC (Kane et al., 2007). In the case of a recognition task, this may

2009). Brown, Goodman, Ryan, and Anālayo (2016) found significant

lead to impaired recollecting of contextual information. Several stud-

correlations between state mindfulness and improved recognition in

ies have already confirmed this expectation: Maillet and Rajah (2013)

the remember/know task. Similarly, Lloyd, Szani, Rubenstein, Colgary,

found, for example, that mind-wandering negatively impacts memory

and Pereira-Pasarin (2016) showed that a brief mindfulness exercise

retrieval. Thomson, Smilek, and Besner (2014) showed that this effect

induced immediately before retrieval (but not encoding) decreased the

is particularly pronounced when comparing young and older partici-

false alarm rate in a recognition task (without affecting the hit rate).

pants, as well as under prior semantic encoding instructions compared

Despite the results mentioned above, the relationship between

to perceptual encoding instructions.

mindfulness and episodic memory is far from being clear. Alberts,

Task-relevant intrusions (TRI) are the second type of thoughts that

Otgaar, and Kalagi (2017), for example, found no evidence that the

can be experienced by a person during a recognition task. While TII

brief mindfulness exercise enhances memory performance. In an

occur in situations where the content of awareness is decoupled from

earlier study, Alberts and Thewissen (2011) found that mindfulness

the task, TRI concern situations when attention is directed toward

did not increase overall memory performance, but reduced recall of

task reappraisal (Smallwood et al., 2004). In other words, TRI occur

negative words. Moreover, several studies showed an adverse effect of

when information about task performance is processed offline; they

mindfulness on memory, suggesting that mindfulness increases false

represent self-evaluative thoughts (i.e., worries) which—according

memories and incorrect memory recall (e.g., Wilson, Mickes, Stolarz-

to cognitive interference theory (Sarason, Sararon, Keefe, Hayes, &

Fantino, Evrard, & Fantino, 2015).

Shearin, 1986)—are triggered by a performance-based anxiety or/and

Levi and Rosenstreich (2018) have made a comprehensive review
of findings and tried to explain the inconsistency in results on the

uncertainty. Thus, as an additional process using attentional resources,
TRI interfere with online processing of information about a task.

relationship between mindfulness and episodic memory. They pro-

However, in contrast to TII, TRI might have ambiguous effects on

posed a working model connecting three facets of mindfulness with

task performance. On the one hand, worrying overloads the attention

different systems of memory. According to this model, only one facet

resources at the early stage of recollection (Hayes, Hirsh, & Mathews,

of mindfulness, that is, acting with awareness, is hypothesized to influ-

2008). On the other, in high-demanding tasks, TRI can trigger com-

ence recollection directly. Levi and Rosenstreich also proposed that

pensatory strategies (e.g., effortful processing or increasing use of
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processing resources) at a later stage of processing to achieve task goals

event-related potentials technique (ERP; for a review, see, e.g., Wilding

(Eysenck, Derakshan, Santos, & Calvo, 2007; Eysenck & Derakshan,

& Ranganath, 2012). In studies using ERP, two components associated

2011). Thus, while TII are expected to reduce the correct response rate,

with recognition memory have been commonly observed. The first,

TRI are expected to increase the effort put into recollection. In terms

an early (300-500 ms from the stimulus onset) mid-frontal old/new

of Eysenck`s theory (Eysenck et al., 2007) TII impair performance ef-

effect has been linked with familiarity-based recognition (Curran,

fectiveness (i.e., accuracy rate) and TRI affect processing efficiency (i.e.,

2000; however, see Voss, Lucas, & Paller, 2012, for a view that this effect

amount of effort required to respond correctly).

reflects implicit priming rather than explicit familiarity). The second,

We found no studies that investigated the relationship between

a parietal late positive component (LPC), was observed in the 500-800

mindfulness and recollection (measured both in terms of performance

ms time window and has been associated with successful episodic re-

effectiveness and processing efficiency) in the context of cognitive

trieval, that is, recollection (Wilding & Rugg, 1996). We expected that

intrusions. Thus, the second aim of the present study was to dissoci-

mindfulness correlates positively and TII correlate negatively with the

ate mindfulness effects from mind-wandering effects in a recollection

LPC effect (at the first stage of recollection).

task. We focused on two problems that—according to our best knowl-

Although the mid-frontal old/new effect and LPC are the ERP

edge—have not been investigated up to now. The first refers to the rela-

components most commonly associated with retrieval processes, two

tionship between mindfulness, cognitive intrusions, and performance

late, post-retrieval potentials are also frequently reported in recogni-

effectiveness (accuracy rate). Contrary to Grossman (2011) but in line

tion studies. The right frontal old/new (RF) effect is usually observed in

with Brown, Ryan, Loverich, Biegel, and West (2011), we distinguish

the 800-1500 ms time window (e.g., Hayama, Johnson, & Rugg, 2008).

between acting with awareness and mind-wandering. However, we

Wilding and Ranganath (2012) proposed that this effect is related to

agree that these phenomena are correlated. Therefore, because mind-

generic monitoring processes activated when the outcome of retrieval

wandering undermines attentional control, we expected that TII re-

is evaluated relative to a goal (e.g., selecting the proper response); it

duce mindfulness during a task and hence diminish the retrieval of

has also been suggested that the RF effect reflects uncertainty about

contextual information.

retrieval result due to impoverished information (Hayama et al., 2008).

The second problem concerns the relationship between mindful-

The second post-retrieval component, the late posterior negativity

ness, cognitive intrusions, and performance efficiency (i.e., effort

(LPN), occurs in the same time window but has the opposite polar-

needed to perform a task correctly). Based on Eysenck and Darkshan’s

ity and a posterior distribution (Johansson & Mecklinger, 2003); it is

(2011) theory, we assume that detailed information may be retrieved

thought to be involved in compensatory processes and may reflect a

from memory in two stages. In the first stage, easily accessed, con-

search for additional information, for example, retrieval of attribute

textual information stored in memory is retrieved. If the quality of

conjunctions to support decisions about the source of retrieved infor-

information is high, the signal about the proper response is triggered.

mation (Johansson & Mecklinger, 2003). We assume that these two late

However, if the signal is weak due to uncertainty or impoverished

components resemble information processing on the second stage of

information, compensatory processes such as additional source moni-

recollection. Thus, we expected that both RF and LPN effects would be

toring are activated. Because mindfulness is related to improved atten-

positively predicted by the TRI (cf. Riby, Smallwood, & Gunn, 2008)

tional control, it is hypothesized to positively impact the retrieval of

but not by mindfulness.

contextual information in the first stage. In other words, because high

To sum up, we formulated the following hypotheses: (a) that state

mindfulness leads to less distraction in the first stage, there is less need

mindfulness would be negatively correlated to TII and TRI, (b) that

to compensate for attentional disturbance in the second stage. Thus,

mindfulness would predict an increase in performance effectiveness

mindfulness is hypothesized to facilitate processing efficiency (i.e.,

operationalized as an accuracy rate in the recollection task, (c) that

improve performance with no increase in effort). In contrast to mind-

mindfulness would be positively correlated to the LPC effect, and (d)

fulness, TII are expected to impair performance effectiveness because

that the opposite pattern of relationship between TII, performance

they distract attention in the first stage. However, TRI are supposed to

effectiveness, and the LPC effect would occur. In other words, we

enhance the motivation to compensate for any impairment caused by

expected that TII would negatively correlate with accuracy rate and

TII; thus, TRI are hypothesized to predict an equal or greater level of

strength of the LPC effect. Also, since TRI are supposed to enhance

task performance than can be expected with low TII. This effect can be

performance effectiveness at the cost of diminished processing effi-

achieved at the cost of diminished efficiency of recollection. In conclu-

ciency, (e) we expected positive correlations between TRI and accuracy

sion, TRI are assumed to improve effectiveness and diminish efficiency

rate as well as the two compensatory ERP effects, RF and LPN.

by increasing the effort put into the task performance.

Event-Related Potential
Components Related to Episodic
Memory
Dissociation of the processes involved in episodic memory can be
made by means of electrophysiological measures, particularly the
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versity; they received cinema vouchers in return for their participation.

the task seated in a dimly lit, electrically shielded chamber, seated 50

All participants had normal or corrected-to-normal vision (including

cm from the computer monitor used to display the stimuli. The task

normal color vision) and no history of neurological disorders. Data

was designed using E-Prime software.

from two participants were excluded from the analysis because of very
few artifact-free trials. All participants provided informed consent

Procedure

prior to the experiment and all procedures were approved by the Ethics

Participants completed the MAAS before being prepared for EEG re-

Committee of the Institute of Psychology at the John Paul II Catholic

cording and performing the recognition task. The procedure consisted

University of Lublin

of four study-test blocks (40 study trials and 60 test trials) separated by
a buffer task. Each study trial comprised displaying the central fixation

Materials

point (500 ms) followed by stimulus presentation (1000 ms), and then
displaying a blank screen (1000 ms). Between the study and test phases,

QUESTIONNAIRES

participants solved four multiple-choice (four responses) arithmetical

To measure mindfulness during task performance we used five

problems (e.g., ”90 − 64 + 76 = ?”). Each test trial began with displaying

items drawn from the Mindfulness Attention Awareness Scale (MAAS;

a fixation point (500 ms) followed by stimulus presentation. After 2.5

Brown & Ryan, 2003), in line with suggestions of the authors, and

s of displaying a word, a question mark appeared in the center of the

modified them to capture awareness of the present state and a level of

screen with two response choices indicated below (”YES” and ”NO”).

automaticity of task performance (e.g., ”I did the task automatically,

Participants were instructed to answer yes if they had seen the stimulus

without being aware of what I was doing”). Participants rated each of

during the preceding study phase or no if the stimulus had not been

the five items on a seven-point scale from 0 (not at all true for me) to

presented in the study phase or had been presented in a different

6 (very true for me); the item scores were reversed. The higher the total

color. Responses were indicated by pressing the appropriate button on

score, the higher the mindfulness during the task. In this study, the

the serial response box. Twenty out of 60 test stimuli were old (same

internal consistency for the MAAS state (measured as Cronbach’s α)

word present in the same color as in the study phase), 20 were similar

was .64.

(presented in the study phase, but in a different color) and 20 were

Two subscales of the Cognitive Interference Questionnaire (CIQ;

new items (not previously presented). The test trial ended when the

Sarason & Stoops, 1978) were used to measure a number of intrusive

participant pressed a button or after 2.5 s from the appearance of a

thoughts during the task. The Task-Related Interference subscale con-

question mark. Then the fixation point indicating the start of the next

sists of 10 items that capture task-related intrusions (e.g., ”I thought

trial immediately appeared on the screen. The order in which the four

about how to work more carefully”), while mind-wandering was

practice-test blocks were presented and the order of stimuli within the

measured using the Task-Irrelevant Interference subscale, also consist-

blocks were randomized. Assignment of the stimuli to the three probe

ing of 10 items (e.g., ”I thought about other activities”). Participants

types (old, similar, and new) was counterbalanced across participants.

responded by indicating how frequently each intrusive thought had oc-

Immediately after finishing the recognition memory task, partici-

curred during the task, using a five-point scale from 1 (never) to 5 (very

pants answered the questions (described above) from the MAAS and

frequently). Both subscales had satisfactory reliability in this study (α =

the CIQ, retrospectively assessing mindfulness and cognitive intru-

.85 and α = .89, respectively).

sions during the task. Participants were then debriefed. The whole
experimental procedure lasted about 1.5 h.

RECOGNITION MEMORY TASK
We used a recognition memory task similar to that used by Riby

EEG Recording and Analysis

et al. (2008), which was modified from the procedure described by

Continuous EEGs were recorded using a 64-channel Geodesic Sensor

Curran (2000). Curran used concrete English nouns and manipulated

Net (Tucker, 1993) connected to an AC-coupled, high-input imped-

plurality between practice and test trials to generate similar decoy

ance amplifier (200 MΩ, NetAmps, Electrical Geodesics, Inc.). Signals

items. We manipulated the color of the font in which the words were

were recorded against the vertex (Cz) electrode at a sampling rate of

presented to differentiate between old and new but similar items. We

250 Hz and were band-pass filtered (0.01-100 Hz). Impedance was

used two colors, green and red. The stimuli were a set of 270 Polish

maintained below 50 kΩ, an acceptable range with this system, because

concrete nouns varying from five to seven letters in length and from

of the high impedance of the amplifier. Offline, the signals were digi-

50 to 99 occurrences per million words in frequency (Kazojć, 2011).

tally filtered (0.1-40 Hz) and average-referenced.

The set of stimuli was divided into five lists: one 30-item list used in

Only EEG data from the test phases were analyzed. Artifacts were

the practice block and four 60-item lists used in the four experimental

manually filtered for noticeable, nonstereotyped artifacts on the basis

blocks. Lists were matched for word length and frequency, and equal

of careful visual inspection and then independent component analy-

numbers of words were presented in each color in each block. All

sis was used to reject well-characterized eye-blink, eye-movement,

stimuli were presented in bold, 32-point Courier New font on a silver

and muscle artifacts (Delorme, Sejnowski, & Makeig, 2007). The

background at the center of a 17 in. LCD display with a resolution of

EEG signals from each participant were first segmented into epochs

1024 × 1028 pixels and a refresh rate of 60 Hz. Participants performed

beginning 200 ms prior to stimulus onset (word presentation in the
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recognition task) and ending 1.5 s after stimulus offset. Epochs were

model for response accuracy in a particular trial (0 = incorrect, 1 = cor-

baseline-corrected relative to the mean amplitude during the prestimu-

rect) as the dependent variable. We chose multilevel modeling (MLM)

lus interval (−200 to 0 ms). Event-related potentials were computed for

to analyze our data because of several reasons. First, our data have a hi-

three response categories: correct recognition of old words, false recog-

erarchical structure, so MLM is a natural type of analysis for this kind

nition of similar words, and correct rejection of new words. The mean

(Nezlek, 2011). Second, MLM uses the full information present in data

number of artifact-free trials in each of the three response categories

and allows for more precise estimation of SEs, which reduces the risk of

was as follows: old = 44 (range: 17-63); similar, = 27 (range: 10-45);

the Type I error. Third, MLM used to analyze data from memory rec-

new, = 64 (range: 43-79). Mean ERP amplitudes were computed for

ognition tasks allows for obtaining results equivalent to signal detec-

two consecutive time windows (500-800 and 800-1500 ms) to capture

tion theory (SDT) parameters and also solves some problems present

LPC, RF, and LPN effects. Detailed description of ERP analyses and

in the traditional SDT approach (for a detailed explanation see Wright

results are presented in the supplemental material.

& London, 2009)1.

RESULTS

Level 2 were grand-mean centered and then entered into the equation

All self-report measures (situational mindfulness, TII, and TRI) on
as predictors of the response accuracy in each of the trials (Level 1). We

Descriptive Statistics and
Correlations Between Self-Report
Measures
Table 1 presents the ratio of correct responses for three stimulus types
as averaged across participants. The new probes were easiest to respond to, with the accuracy rate nearing 0.9. The old probes, compared
to similar probes, were more difficult to recognize and accuracy rate for
them was 0.09 above chance level.
Table 2 presents means, SDs, and correlations for the self-report
measures. As expected, all measures that referred to a temporary state
of mind during the task—state mindfulness, TII, and TRI—were moderately and significantly correlated with each other.

TABLE 1.
Average Proportions and SDs for Recognition Accuracy
Misses
.41 (.15)
False alarms
.36 (.13)
.11 (.12)

TABLE 2.
Descriptive Statistics and Correlations Between Self-Report
Measures
MAAS state
MAAS state
TRI
TII

−0.45*
−0.48**

TRI

0.50**

M
23.32
28.03
17.45

SD
4.29
7.36
7.11

Note. *p < .05; **p < .01; MAAS state = situational mindfulness; TRI = Task relevant intrusions; TIT = Task irrelevant intrusions.

19

minimize the risk of Type I error, we also entered probe-type slopes as
random effects varying across subjects. The p values were adjusted with
Tukey’s method for comparing simple effects. All statistical analyses
were performed using the R program with the lme4 package (Bates,
Maechler, Bolker, & Walker, 2015).
The whole model explained 25% of the variance of the accuracy
rate (with 20% of the variance explained only by fixed effects; see Table
3). The analysis revealed a significant interaction between probe type
and TRI, χ2(2) = 5.88, p < .05. Situational mindfulness interacted with

analysis with only TII and probe types as predictors and an interaction

indices of recollection. Firstly, we tested a general linear mixed-effects

Similar
New

tercepts independently for subjects and stimuli as random effects. To

the mediation of mindfulness and/or TRI, we carried out an additional

differently related to performance effectiveness, we used behavioral

Old

at Level 2 by both participants and stimuli, therefore, we entered in-

on accuracy rate. To check whether the effect of TII disappears due to

To verify the hypothesis that mindfulness and cognitive intrusions are

Hits
.59 (.15)
Correct rejections
.64 (.13)
.89 (.12)

report measures. Individual observations on Level 1 are cross-classified

the probe type marginally, χ2(2) = 5.0, p = .08, and TII had no effect

Behavioral Measures of
Effectiveness of Recollection
Process

Probe type

also included the interactions between probe type and each of the self-

2019 • volume 15(2) • 15-25

between them. We found no significant effects related to TII.
Although the interaction between situational mindfulness and the
probe type was only marginally significant, we decided to deconstruct
it because of its relevance to our hypothesis. The sign of simple effects
suggested, as predicted, that the higher the situational mindfulness,
the higher the probability of correct responses for old and new stimuli,
B = .19, SE = .14, p = .16, and B = .28, SE = .26, p = .27, respectively;
see Figure 1, Panel A). The level of situational mindfulness had no impact on the probability of correct responses for similar stimuli, B = .04,
SE = .14, p = .79. Because all these effects are nonsignificant, they
do not provide direct support for our hypothesis; however, marginal
interaction effect between mindfulness and probe type suggests that
mindfulness effects for old and new probes are slightly higher than for
similar probes.
Analyses of simple effects showed also that TRI negatively and marginally predicted the probability of correct responses for new stimuli,
B = −.46, SE = .27, p < .09, such that the higher the number of TRI, the
lower the probability of correct rejections of new stimuli. However, in
the case of old stimuli, the opposite, although nonsignificant effect was
observed–the higher the number of TRI, the higher the probability of
correct recognition of old stimuli, B = .19, SE = .14, p = .18; see Figure

http://www.ac-psych.org
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TABLE 3.
Fixed and Random Effects for the Model of Accuracy Rate
Fixed effects
(Intercept)
MAAS state
TII
TRI
Probe type
MAAS state × probe type
TII × probe type
TRI × probe type

χ2
144.8
1.21
0.37
2.93
247.5
5.0
1.4
5.88

df

p

1
1
1
1
2
2
2
2

.001
.27
.54
.09
.001
.08
.50
.05

Random effects
σ2
τ00 Word
τ00 Subject
τ11 Subject:similar
τ11 Subject:target
ICC Word
ICC Subject
Observations
Marginal R2 / Conditional R2

3.29
0.05
1.17
0.27
1.63
0.01
0.26
6925
0.20 / 0.25

Note. MAAS state = situational mindfulness; TRI = Task relevant intrusions; TII = Task irrelevant intrusions

1, Panel B). Task-relevant intrusions had no effect on the recognition

the models, as well as their interactions with probe type as fixed effects

of similar stimuli, B = −.05, SE = .14, p = .72. However, we observed

(see Table 5). The p values were adjusted with Tukey’s method for com-

significant difference between TRI slopes for new versus similar probes

paring simple effects.

(ΔB = −.41, SE = .17, p < .05) and marginal difference between TRI
slopes for new versus old probes (ΔB = −.65, SE = .31, p = .097). These
results suggest that TRI are related to the accuracy rate in new versus
old and similar probes in opposite direction.

Modulation of Event-Related
Potential Components by
Mindfulness and Cognitive
Intrusions

LATE PARIETAL COMPONENT AMPLITUDE
The whole model explained 80% of the LPC amplitude variance,
with 16% assigned only to fixed effects. There was only one significant
effect—a main effect of probe type, χ2(2) = 21.9, p < .001. We also
observed a marginal effect of mindfulness, χ2(1) = 3.68, p < .06. It
means that the higher the mindfulness during the task, the lower the
amplitude of ERP regardless of the probe type. No other significant
interaction effects were found.

Means and SDs for ERP amplitudes for each of the probe types are
presented in Table 4. To verify the hypothesis that mindfulness and

RIGHT FRONTAL AMPLITUDE

cognitive intrusions are related to ERP components, we tested linear

The whole model explained 59% of the variability in RF amplitude,

mixed-effects models with the amplitudes of three ERP components

with fixed effects explaining 32%. A significant interaction between

(LPC, RF, and LPN) averaged for each probe type (correct recognition

probe type and TRI was observed, χ2(2) = 10.46, p < .005: TRI posi-

of old stimuli, correct rejection of new stimuli, and false recognition

tively predicted RF amplitude only for correctly recognized old probes,

of similar stimuli) as dependent variables. With each of the models,

B = .76, SE = .21, p < .001, whereas for the correctly rejected new and

we allowed the intercept to vary across participants (random effect).

incorrectly recognized similar probes, the effect of TRI was negligible,

Parameters in the models were computed with the maximum likeli-

B = .009, SE = .21, p = .97 and B = .33, SE = .21, p = .13, respectively. In

hood estimator. We entered situational mindfulness, TII, and TRI into

other words, these results suggest that TRI are positively related to the

FIGURE 1.
Effect of mindfulness state (Panel A) and task relevant intrusions (TRI; Panel B) on correct response rate depending on the probe
type. Mindfulness and TRI scales are in SDs.
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FIGURE 2.
Grand-averaged ERPs from the recognition task for main electrodes in left-parietal (top), right-frontal (middle) and mid-parietal (bottom) regions. Grey rectangles indicate time windows with observed significant differences in amplitudes between probe types.

FIGURE 3.
Effects of task related intrusions on average amplitude of probe types regarding right frontal (RF, Panel A) and late posterior negativity
(LPN, Panel B) components. Task-relevant intrusion scale is in SDs.

strength of the RF effect (see Figure 3, Panel A). No significant effects

trusions predicted LPN amplitude for old probes, B = 1.18, SE = .29,

related to mindfulness were observed.

p < .001, and for similar probes, B = .71, SE = .29, p < .05, but not for

LATE POSTERIOR NEGATIVITY AMPLITUDE

positively associated with the strength of the LPN effect (see Figure 3,

new probes, B = .45, SE = .29, p = .13. This suggests that TRI are also
The model explained 67% of LPN amplitude variability (30% was

Panel B). No other effects were observed.

explained by fixed effects). We observed one significant interaction
between probe type and TRI, χ2(2) = 6.82, p < .03. Task-relevant in-

21

2019 • volume 15(2) • 15-25

http://www.ac-psych.org

ADVANCES IN COGNITIVE PSYCHOLOGY

RESEARCH ARTICLE

predicts success rather in recognition than in recollection. Moreover,

TABLE 4.
Means and SDs for Event-Related Potential Amplitudes Averaged Across Probe Types
Probe type
New
Similar
Old

LPC
M
−0.16
−0.1
0.43

RF
SD
0.99
1.09
1.53

M
0.82
1.17
1.6

we did not find evidence from ERP amplitude analyses that mindfulness improves the LPC effect associated with retrieving information
in the first stage of recollection. In fact, there was an overall, negative

LPN
SD
0.94
0.88
1.59

M
−0.89
−1.29
−1.75

and marginal effect of mindfulness on LPC amplitudes in all types of

SD
1.53
1.39
2

probes. This might indicate that mindfulness is not related to recollection (which is indexed by LPC) and that it does not enhance source
memory, but rather predicts better recognition memory performance
on the basis of familiarity, an automatic and nonspecific feeling of

Note. LPC = late parietal component; RF = right frontal component; LPN = late

memory that can also support retrieval. This is consistent with a recent

posterior negativity.

work by Rosenstreich & Ruderman (2017), who, in two studies, found

DISCUSSION

that mindfulness was associated with familiarity-based “know” responses in the remember/know procedure (Study 2) and that one facet

The main aim of the present study was to test several hypotheses con-

of mindfulness, i.e. observing, predicted rates of familiarity (Study 3).

cerning the relationships between mindfulness, cognitive intrusions,

Also, our behavioral data speak in favor of this interpretation, as mind-

performance effectiveness, and processing efficiency. As expected, all

fulness allowed for slightly higher accuracy for hits and new probes

self-report measures regarding mindfulness during task performance

(which can be guided by familiarity or lack of familiarity, respectively),

as well as TII and TRI were significantly correlated. Mindfulness, that

but not for similar probes (which can be more recollection-based as

is, acting with awareness, predicted both TII and TRI. However, we

rejecting a similar item might require recollecting details–font color–

cannot equate these phenomena because of a moderate magnitude of

associated with it).

the correlations. These simple results confirm the claim of Brown et al.

We found no evidence that TII predicts performance effectiveness.

(2011) that mindfulness cannot be reduced to attentional control (see

The effect of TII is not also explained by mindfulness and/or TRI. In

also Jankowski & Bąk, 2019). The question is, however, whether mind-

our study, mind-wandering did not distract participants enough to

fulness and cognitive intrusions play different roles in the effectiveness

significantly diminish their performance. Although the hypothesis was

and efficiency of task performance, as we hypothesized.

not confirmed, this result is not surprising. Because the task presented

Participants with high, as opposed to low task-related mindfulness

in the study was difficult, mind-wandering was probably reduced. This

had a slightly higher accuracy rate for old and new stimuli than partici-

effect has been observed in earlier studies (e.g., Teasdale et al., 1995).

pants with low task-related mindfulness. This effect was weak and non-

We suppose that TII could affect performance more in easier tasks

significant. Therefore, although it was in line with our expectation, it

(e.g., with fewer items to remember in a single block). In difficult tasks,

did not constitute a definite confirmation of the hypothesis. However,

we might expect intensifying TRI instead of TII, which was the case

because we observed a difference between mindfulness effects for

in our study.

similar versus old and new probes, the results suggest that mindfulness

TABLE 5.
Fixed and Random Effects for models of Event-Related Potential Components Associated With Recollection
Fixed effects
MAAS state
TII
TRI
Probe type
MAAS state × probe type
TII × probe type
TRI × probe type
Random effects
σ2
τ00 Subject
ICC Subject
Observations
Marginal R2 / Conditional R2

LPC
χ2
3.68
0.31
0.69
21.9
0.39
2.44
0.75

RF

LPN

p

p
p
χ2
χ2
0.06 1.46 0.23 0.70 0.40
0.58 0.76 0.38 0.008 0.93
0.41 0.002 0.97 2.39 0.12
0.001 20.67 0.001 18.73 0.001
0.82 0.32 0.85 4.38 0.11
0.30 3.43 0.18 0.63 0.73
0.69 10.46 0.005 6.82 0.03

0.34
1.05
0.76
87
0.16 / 0.80

0.54
0.37
0.41
87
0.32 / 0.59

0.79
0.91
0.54
87
0.30 / 0.67

Note. MAAS state = situational mindfulness; TRI = Task relevant intrusions; TII = Task irrelevant intrusions; LPC = late parietal component; RF = right frontal component; LPN =
late posterior negativity.
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The pattern of relationships between TRI and ERP components

Two main issues limit the generalizability of the presented results.

confirmed another hypothesis: TRI positively predicted the strength of

The first refers to the small sample we used in our study. Although

both RF and LPN effects. In other words, the more task-related worry-

small samples are frequently used in EEG studies, because we corre-

ing, the more effort is put into correct recollection, as manifested in RF

lated ERP effects with self-report measures, our findings can be treated

and LPN effects. In this aspect, our results were similar to those found

as preliminary and need replication in further research. The second

by Riby et al. (2008).

issue relates to the design of our study. We found theoretically sound

Although TRI facilitate compensatory processes, our results reveal

relationships between core variables, but we cannot determine whether

a complex picture of the relationship between TRI and quality of per-

mindfulness indeed influences recognition or whether possessing a

formance. We observed different effects of TRI on the accuracy rate for

good memory, and–in a broader view–efficient executive functions,

old and new probes: While TRI were correlated with an increase in ac-

improves the ability to be mindful. Future experimental research

curacy for old probes, they also predicted a decrease in the probability

should investigate this problem directly.

of correct rejections of new probes. We propose that the compensatory

Despite these limitations, important conclusions can be derived

processes associated with TRI have opposite effects in responding to

from our study. First, we replicated all three ERP effects associated with

new versus old probes. Correct rejections of new probes are relatively

the recollection process, which proves the validity of the study design.

easy and can be made automatically. This effect is related to the fact that

Second, we found a marginal but expected effect suggesting that state

for new probes, no information retrieved from memory needs to be

mindfulness, that is, acting with open awareness, predicts better per-

evaluated because, by definition, there is no information regarding the

formance in the recognition task. This result partly confirms the pre-

new probes encoded in the practice stage. A simple rejection in the case

dictions from the model by Levy and Rosenstreich (2018). Moreover,

of a lack of signal about the previous occurrence of a stimulus is the

mindfulness-related improvement was not associated with the higher

best response. However, compensatory strategies involving enhanced

effort due to compensatory processes. We also observed a significant

monitoring of contextual information can introduce some hesitation

relationship between TRI and late ERP effects, which directly confirms

in responding to each kind of probe. While this is beneficial for old

the attentional control theory (Eysenck et al., 2007): worrying about

probes because they could be evaluated more precisely, for new probes

task performance seems to trigger compensatory processes, as this

it is detrimental because automatic responding is inhibited, which can

theory predicts. The results suggest that mindfulness, understood as

cause errors in some cases. Although an alternative explanation is also

acting with awareness, contributes to item recognition independently

possible in light of the SDT (in terms of change in response bias; Miller

from mind-wandering and differently from worrying, which plays a

& Wolford, 1999) we agree with Roediger and McDermott (1999) that

motivational role. The effect of TRI is ambivalent, however. The results

this is rather improbable because of a lack of change in accuracy rate

suggest that increased TRI shift the focus of attention from detection

for similar probes.

of the familiarity effect to contextual information; this results in bet-

The results suggest that neither mindfulness nor TRI predicted ac-

ter recognition of old stimuli and a higher rate of false recognitions of

curacy for similar probes. We think that this result may be understood

new stimuli. Further research is needed to examine the role of other

if we take a more complex perspective on the processes involved in

facets of mindfulness, for example, a state of nonreactiveness, in better

the recognition task. While most researchers are interested only in

inhibition of false recalls of lures.

the manifestation of explicit memory (i.e., processes associated with
familiarity and recollection effects that can be consciously reported in
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implicit memory (i.e., semantic priming) is very strong and irresistible
even if participants are informed about it and warned to be mindful
(Gallo, Roberts, & Seamon, 1997). If our interpretation is true, mere

FOOTNOTES
1

Correlations between mindfulness, task-irrelevant intrusions,

state of mindfulness is not sufficient to protect against false memories

task-relevant intrusions, and signal detection theory parameters as well

based on implicit memory associated with similar probes (for com-

as regression analyses with overall sensitivity and bias parameters as

parable results, see also Rosenstreich, 2016, and Wilson et al., 2015).

dependent variables are presented in the supplemental material.

However, because several studies found that in specific conditions,
mindfulness reduces false memories (e.g., when induced after the en-
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