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While evidence supports the feasibility of online mindfulness training (MT), the effect of
this approach on cognition remains unclear. The present study investigated changes in
cognition following a newly developed 6-week videoconference-delivered MT program
on cognitive function in two groups. The first group (n = 17) had two baseline
assessments prior to MT [3 weeks after group two (n = 15)] to allow for evaluation of
practice and learning effects. Four participants from each group were excluded from the
final analysis due to missing data. Following MT, there was an improvement in switching
of attention, working memory, executive function, and social cognition, but some of
these effects were not easily accounted for by learning or practice effects. No significant
changes were found on tasks measuring sustained attention, cognitive flexibility and
inhibition, information processing, and sensory-motor function. Our findings suggest
that domain-specific cognition might be enhanced by a brief videoconference-delivered
MT, and larger, controlled studies to delineate the effects of online MT on subdomains
of cognition are needed.

Keywords: mindfulness, cognitive function, e-therapy, webinar, attention

INTRODUCTION

Extensive evidence supports that mindfulness training (MT) improves both mental health and
cognitive performance (Gu et al., 2015; Morrison and Jha, 2015). The mechanisms underlying the
therapeutic effects of MT on psychological outcomes are primarily correlated with development
of insight and non-reactive acceptance of one’s moment-to-moment experience (Kabat-Zinn,
2013). Over the last decades, communication technology has increasingly been applied to deliver
mindfulness interventions or support mindfulness practice, ranging from phone-delivered sessions
and mobile applications, to online websites or a combination of a virtual online classroom and
website (Wahbeh et al., 2014; Gu et al., 2018). Given improved digital accessibility, online MT
is considered a more convenient and cost-effective strategy, compared to traditional face-to-face
interventions (Jayawardene et al., 2017). Furthermore, the recent COVID-19 pandemic has caused
a revolutionary uptake in the use of telehealth in mental health care delivery. This need for flexible
healthcare delivery formats is projected to remain after the pandemic has ended (Pierce et al., 2021).
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A meta-analysis showed the comparable positive effects of online
MT on stress, depression, anxiety, and wellbeing results to
traditional interventions (Spijkerman et al., 2016).

While evidence supports the benefit and feasibility of
online MT, the effect of online MT on cognition appears
unclear. Some reported cognitive improvements associated
with online MT, such as attention (Spadaro and Hunker, 2016;
Bennike et al., 2017; Polsinelli et al., 2020) and socioemotional
regulation (Davis and Zautra, 2013), while others found
no online MT-related improvements in executive function
and critical thinking (Noone and Hogan, 2018). The MT
included in these studies were predominantly delivered through
either websites or a smartphone application, and inconsistent
findings might be related to unskilled practice due to a
lack of guided practice of mindfulness meditation (Noone
and Hogan, 2018). It is unrealistic to expect individuals
to learn how to practice mindfulness just by using a
smartphone application and without teachers involvement
(Crane et al., 2012). It has been suggested that the use of
technologies can support and improve the connectedness
between individuals, groups, and organizations, and promote
positive functioning, but the design needs to be guided by the
scientific and applied approach, i.e., positive psychology,
for users’ experiences (Riva et al., 2012). For example,
improvement in positive emotional states is significantly
correlated to the users’ sense of presence during media exposure
(i.e., video, audio, and virtual reality) (Villani et al., 2007;
Navarro-Haro et al., 2017).

As an alternative to moving to an entirely technology-
delivered format, various blended approaches have been
proposed (Montero-Marin et al., 2018). These combine
traditional face-to-face and online delivery of mindfulness
interventions and could be perceived as a compromise that
does not pose such a stark contrast to conventional face-
to-face delivery and enhances acceptability for people who
may still feel uncomfortable engaging in fully online group
programs. For others who are happy with online formats,
some may additionally appreciate having met the facilitator
in person before continuing with the program online. For
example, the face-to-face interaction could help to increase
participants’ engagement in the training, and allow participants
to talk about their concerns with the trainer and get the
answers to their questions in real-time, which might lead to
better outcome of MT.

As part of a larger study investigating the relationships
between mindfulness, psychological well-being with brain and
immune function (Wang et al., 2017; Doborjeh et al., 2019, 2020),
we have recently shown that a 6-week MT delivered via a blended
online setting – face-to face and video-conference – improves
mindfulness, mood (depression, anxiety), and emotional bias
(negative bias, dysfunctional attitude, poor self-compassion,
and poor compassion for others), supporting this method as
viable alternative format to standard mindfulness programs
(Krägeloh et al., 2018). The first session of our MT program
was delivered by the facilitator in person to ensure good rapport
between facilitator and participants. Following this, the facilitator
delivered the group MT remotely from the second session

onward. In terms of content and structure, the intervention
can be considered equivalent to standard mindfulness-based
interventions where a range of mindfulness skills are taught
(Krägeloh et al., 2019).

The present study investigated the short-term effect
of this newly developed MT on cognitive function in
healthy participants. The Liverpool Mindfulness Model
(Malinowski, 2013) suggests that a simple form of MT
could increase the efficiency of attentional functions and
the behavioral improvements as well as changes in neural
activity and underlying neural architecture subsequently
lead to positive effects in various situations, and for
various conditions. Thus, it was hypothesized that the
participants would exhibit improved cognitive performance
following MT, particularly on tasks related to attention
control. We also expected to find improved memory and
executive function which are often reported to be enhanced
following the traditional face-to-face MT, i.e., (Jha et al., 2007;
Morrison and Jha, 2015).

MATERIALS AND METHODS

Participants
Participants were recruited via the university through various
advertisements on posters, at lectures, websites, and student
services. People with a self-reported history of traumatic brain
injury, alcohol or substance abuse, epilepsy, psychotic disorders,
and those on medications for acute mental illnesses (e.g.,
major depressive disorder, anxiety disorder, and schizophrenic
disorder) were excluded. Moreover, to avoid potential conflicts
of interest or dual roles, students of research team members were
also excluded. During the recruitment, a total of 204 individuals
expressed their interest in participating in the research, of
which three did not meet the inclusion criteria of absence of
psychological condition requiring ongoing medication, absence
of epilepsy or brain injury, and no alcohol of substance abuse. Of
those remaining, 42 initially confirmed their participation in the
study, but a further ten were subsequently not able to continue.
Thus, the final sample size in the present study was 32 (n = 21
women) participants, 18–58 years (mean age = 30.06, SD = 11.27).
The participants were then randomly allocated to either the group
one (n = 15) or the group two (n = 17). The ethnic makeup
was diverse, including New Zealand European (n = 14; 44%),
Asian (n = 6; 19%), Indian (n = 3; 9%), Mâori (n = 1; 3%),
Pacific Islander (n = 1; 3%), and others or not specified (n = 7;
22%). There were no significant differences between groups in
the demographic profiles, including age, gender, and ethnicity
(p > 0.05).

Based on previous research that has demonstrated significant
changes in attention following an online MT with an effect size
ranging from 0.30 to 0.70 (Spadaro and Hunker, 2016; Polsinelli
et al., 2020), it was calculated using G∗Power 3.1 (Faul et al., 2009)
that a minimum sample size of 12 participants per group would
have 80% power to detect an expected effect size of d = 0.40 with
a two-tailed α of 0.05 for a 1 (group) by 3 (time) mixed repeated-
measures ANOVA within factors (primary outcome: attention).
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Mindfulness Training
The MT was led by an experienced facilitator, who has been
practicing mindfulness for 20 years and is considered one of
the leading mindfulness practitioners in New Zealand.1 The
facilitator was blinded to the study hypothesis and was not
involved in study design. The duration of the training was 6 weeks
with a weekly session that ran for between 90 and 110 min.
Adverse effects were monitored by a clinical psychologist who
also participated in the exercises but identified herself as staff
who was able to help if any of the students were experiencing any
psychological distress during and after sessions.

The facilitator conducted the first session face-to-face in a
quiet university room. Subsequent sessions were conducted in the
same room with participants present in a group and the facilitator
present via a live Internet-based video conference webinar.
The first session included an introduction exercise, explanations
of the basic principles of mindfulness and the purpose of
the course, and a guided meditation for 10 min. Session 2
and beyond was presented via a webinar using GoToMeeting
(commercially available videoconferencing software). Session 2
comprised of approximately 10–15 min of physical exercise
comparable to Taijichuan, breathing meditation exercises, and
a PowerPoint presentation on the brain and mindfulness. The
session concluded with a brief guided meditation exercise and a
mindful eating exercise. Session 3 composed of the same guided
breathing meditation and light physical exercise, together with
the presentation on the types of awareness, negative bias, and
advantages of walking meditation. Session 4 included physical
breathing exercises, breathing meditation, and a brief discussion
on the fundamentals of mindfulness and emotion. Parallel to
session 3, this session similarly concluded with a meditation
exercise, particularly focusing on observing sound, body, and
emotion. Session 5 comprised of physical movement exercise,
concentration meditation, and a discussion on accepting and
regulating emotions. Session 6 involved meditation practice,
physical movement and breathing exercises, and a discussion
on the four foundations of mindfulness and their purpose. All
sessions finished with an opportunity for participants to ask the
facilitator questions. The exercises were either covered in the
course or demonstrated in an online video with a hyperlink
sent to participants following each session. Participants were
encouraged to practice for at least 15 min per day. Exercises to
be practiced were either those covered in class or those shown
by following a link to audio or video file sent to the participants
after each session. A reminder email as well as a link to an
online questionnaire inquiring about their home practice during
that week were sent to participants a day before the start of
the next session.

Assessment of Cognitive Function
A computerized neuropsychological test battery – IntegNeuro
(Brain Resource Company, Australia), was used to assess
cognitive function across different time points of MT. This
test battery has sound convergent and divergent validity as
shown by strong associations with corresponding standard

1https://mindfulnesseducation.nz/about-us/

paper-and-pencil batteries (Paul et al., 2005). The reliability
coefficient across all tests and measures ranges from medium
to high (Williams et al., 2005). In the current study, 14 tasks
were used to evaluate: sensory-motor function, information
processing, attention, memory, language, executive function,
cognitive inhibition, and social cognition (Table 1). Further
details of each of the tests in this battery can be found in Wang
et al. (2014). The tasks we used were expected to be sensitive
to the effects of a brief MT which have been shown in previous
studies (Moore and Malinowski, 2009; Zeidan et al., 2010), and
also allow some latitude for exploration of MT-related cognitive
effects that are still less-investigated and remain largely unclear,
e.g., sensor-motor function, language, and social cognition.

Procedure
Ethics approval was granted by the authors’ institutional Ethics
Committee (Reference Number16/147). Written consent was
obtained from each participant prior to data collection. The
first group had an initial baseline followed by a 3-week lead-
in, a second baseline assessment (Pre-MT), and MT follow-up
assessment (post-MT, within 1 week following final MT session).
The second group started the 6-week mindfulness program
3 weeks prior to the first group. The second group had a single
baseline assessment, followed immediately by commencement of
MT, an initial follow-up (post-MT, within 1 week following final
MT session) and a second (3 weeks follow-up) post-intervention
assessment. This design allowed us to explore history and
learning effects as well as allowing a longer-term follow-up. It also
allowed the wait-listed participants an opportunity to obtain the
MT at a later date. However, there were differences in the time
span between the assessments of cognitive tasks in two groups
due to the nature of tertiary education year, such as mid-term
breaks and exam periods. The actual day and time were arranged
according to the participants’ availability. The MT sessions for
the two groups followed the same outline. Participants were
given a $20 gift voucher each time they were tested. The same
procedures and order of cognitive subtests were followed for each
testing session.

Data Analysis
The population was presumed to be non-normally distributed
due to small sample size (Shapiro–Wilk test, s-w = 0.43–0.76,
p < 0.01), thus, MT-related cognitive changes across time in
each group were examined, respectively, using a Friedman test,
respectively. Given that multiple comparisons were involved,
a Benjamini–Hochberg procedure was applied for adjusting
the false discovery rate (p-value ≤ 0.02). Benjamini–Hochberg
procedures is considered a powerful method of controlling
the false discovery rate which involves sorting the p-values
in order from small to large and rejecting the proportion of
significant results that are considered false positives (Benjamini
and Hochberg, 1995; Glen, 2015; Chen et al., 2017). The
chosen false discovery rate was 0.20, with 80% chance to
detect significant differences after correction. When there was a
significant time effect in the Friedman test, changes in cognitive
performance at each time point were assessed using a Mann–
Whitney Wilcoxon test.
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TABLE 1 | Description of neuropsychological measures.

Cognitive domains IntegNeuro test Equivalent to traditional tasks Time to complete

Attention Time estimation 2 min

Continuous performance Test of variables of attention (399) and conners continuous performance task
(400)

6 min

Switching of attention Trail making test Part A & B (Reitan, 1958) 4 min

Cognitive flexibility Verbal interference Stroop task (Stroop, 1935) 3 min

Cognitive inhibition Go-NoGo 6 min

Executive function Maze Austine maze (Walsh, 1985) 8 min

Information processing Choice reaction time Corsi blocks test (Milner, 1971) 3 min

Language Spot the real word National adult reading test (Nelson and Willison, 1991) and spot the real word
intelligence test (Baddeley et al., 1993)

2 min

Word generation Controlled oral word test (Benton et al., 1994) 6 min

Memory Span of visual memory Corsi blocks test (Milner, 1971). 5 min

Digit span Weschler adult intelligence scale (WAIS)-III digit span test (Weschler, 1997) 5 min

Memory recall and recognition Rey auditory verbal learning test (Rey, 1941) and the California learning and
verbal memory (Delis et al., 1987)

7 min

Sensori-motor Motor tapping Finger tapping test (Wertham, 1929) 2 min

Social cognition Emotion recognition Penn emotion recognition test (Kohler et al., 2003) 10 min

To test the possible group∗time interaction, we further
conducted linear mix-effect models with the combination of
the two groups for cognitive domains that showed significant
changes following the MT, based on the results of Mann–Whitney
Wilcoxon test. Due to differences in time span of testing sessions
between groups, we only included cognitive test scores assessed
at baseline and post MT. In each model, time was included as
a fixed effect and Group as a covariate in order to detect the
MT effect on cognition, controlling for possible group allocation
effect. We also conducted additional models to test whether
group allocation (i.e., the first group had a 3-week lead-in
prior to receive MT) interacted with MT to influence cognitive
functioning. The group∗time interactions were non-significant
(p > 0.05). As noted above, the first group also received the
intervention, although delayed. The lack of interaction therefore
does not indicate a lack of an intervention effect but lack of
order effect that may be related to group allocation. All analyses
were two-tailed, and the probability level of p < 0.05 indicated
statistical significance. Analyses were performed using IBM SPSS
Statistics (version 22).

RESULTS

A summary of participants’ cognitive performance for the
two groups is reported in the Supplementary Material. No
significant group differences in any of the cognitive tests were
found at baseline.

Group One (Baseline vs. Pre-MT vs.
Post-MT)
Of the 17 participants, four did not complete post-MT testing. Of
the remaining participants (n = 13), 12 completed at least four
MT sessions and one person completed three sessions.

Friedamn’s tests showed that there were significant change
in task performance over time in tasks measuring immediate

memory recall (χ2 = 8.21, p = 0.02), executive function (Maze
error: χ2 = 16.67, p < 0.001), and language (Word generation:
χ2 = 17.17, p < 0.001). Post hoc tests using a Wilcoxon signed-
rank test suggested some practice/learning effects were present
prior to the MT as better performance was seen at the pre-MT in
immediate recall (z = −2.71, p = 0.007), executive function (Maze
error: z = −2.32, p = 0.02) and language (z = −3.07, p = 0.002)
compared to baseline (Table 2). Nevertheless, improvement in
executive function and language remained following the MT
suggested by the participants’ superior performance post-MT
relative to either pre-MT or at baseline.

Group Two (Baseline vs. Post-MT vs.
Follow-Up)
Among 15 participants, one person missed baseline cognitive
testing, and three people missed post-MT testing. These people
were excluded from final analysis. Of the remaining 11
participants, all attended at least four session of MT apart from
one who attended only three.

Friedamn’s tests showed that there were significant changes in
cognitive performance over time on several domains, including
attention (Switch of attention: χ2 = 16.7, p < 0.001), memory
(Immediate recall: χ2 = 11.82, p = 0.003), executive function
(Maze completion time: χ2 = 7.94, p = 0.02; Maze error: χ2 = 7.60,
p = 0.02) and Social cognition (Fear reaction time: χ2 = 10.5,
p = 0.005). Nevertheless, there were no other significant effects
associated with MT in the experimental group for the remaining
cognitive tasks.

Post hoc tests showed that the performance of immediate
recall was significantly improved post-MT (z = −2.55, p = 0.01)
and at 3 week follow-up (z = −2.36, p = 0.02) relative to the
baseline, suggesting the potential positive effect of MT in memory
(Table 3). In terms of attention, less time was taken to complete
the Switch of attention task following MT compared to the
baseline, but the change was not significant (z = −1.48, p = 0.14);
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TABLE 2 | A summary of post hoc test results for group one.

Cognitive domain Test Pre-MT vs. baseline Post-MT vs. pre-MT Post-MT vs. baseline Mean rank

z p z p z p

Memory Immediate memory recall −2.71 0.007 −1.07 0.28 −2.56 0.01 Baseline < Pre-MT

Pre-MT = Post-MT

Baseline < Post-MT

Executive function Maze: error −2.32 0.02 −1.96 0.05 −3.06 0.002 Baseline < Pre-MT

Pre-MT < Post-MT

Baseline < Post-MT

Language Word generation −3.07 0.002 −2.44 0.02 −2.94 0.003 Baseline < Pre-MT

Pre-MT < Post-MT

Baseline < Post-MT

< refers to improved performance; = refers to no significant difference in performance; Bold indicates significant results.

TABLE 3 | A summary of post hoc test results for group two.

Cognitive domain Test Post-MT vs. baseline Follow-up vs. post-MT Follow-up vs. baseline Mean rank

z p z p z p

Memory Immediate memory recall −2.55 0.01 −1.42 0.16 −2.36 0.02 Baseline < Post-MT

Baseline < Follow-up

Follow-up = Post-MT

Attention Switch of attention −1.48 0.14 −2.67 0.008 −2.67 0.008 Baseline = Post-MT

Baseline < Follow-up

Post-MT < Follow-up

Executive function Maze: errors −2.10 0.04 −1.42 0.15 −2.38 0.02 Baseline < Post-MT

Baseline < Follow-up

Post-MT = Follow-up

Social cognition Fear reaction time −1.24 0.21 −2.50 0.01 −2.31 0.02 Baseline = Post-MT

Baseline < Follow-up

Post-MT < Follow-up

< refers to improved performance; = refers to no significant difference in performance; Bold indicates significant results.

however, the improved performance reached significant at the 3-
week Follow-up (z = −2.67, p = 0.008). In the maze task, fewer
errors were made at post-MT (z = −2.10, p = 0.04) and at 3-weeks
follow-up (z = −2.38, p = 0.02), relative to baseline, suggesting
consistent improvement in executive function. Furthermore,
significantly reduced Fear reaction time was found at 3-week
follow-up compared to both baseline (z = −2.31, p = 0.02) and
the post-MT (z = −2.50, p = 0.01), although no significant
difference was seen between baseline and the post-MT (z = −1.24,
p = 0.21).

Group Differences: Fixed-Effect
Contributions
Controlling for the group effect, there were significant effect
of time on switching of attention (Estimate = 5040.99, Std.
Error = 2354.6, t = 2.14, and p = 0.04), memory (Estimate = 4.54,
Std. Error = 0.90, t = 5.01, and p < 0.001), and executive function
(Estimate = 54204.5, Std. Error = 2542, t = 2.13, and P = 0.04),
suggesting improved cognitive performance regardless group
allocations, e.g., receiving MT 3 weeks late in the first group.

DISCUSSION

Previous studies have found significant improved attention,
executive function, and memory recall associated with MT
(Chambers et al., 2008; Jha et al., 2010; Zeidan et al., 2010;
Mrazek et al., 2013), suggesting the cognitive enhancement
associated with MT. However, the effect of online MT on
cognitive function appears unclear. The aim of this study was to
investigate the effect of a newly developed blended MT program
on a wide range of cognitive domains. Our results showed
that there were significant improvements in attention switching,
executive function, memory recall, language, and social cognition
following MT. Some of these improvements, i.e., Maze and
executive function, even remained 3 weeks after the MT. These
findings are in agreement with previous studies which have
also found significant improved attention, executive function,
memory recall, language, and social cognition associated with MT
(Chambers et al., 2008; Jha et al., 2010; Zeidan et al., 2010; Mrazek
et al., 2013), suggesting the cognitive enhancement associated
with MT. Importantly, the observed changes in attention,
memory, and executive function were unlikely to be due to
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type-1 error given alpha adjustment and observed significance
in these domains from the linear mixed-effect modes. However,
it is worth nothing that the practice/learning effects might
also be involved in the observed positive results, in particular
for memory, language, and executive function. Additionally,
there were variations in MT-related cognitive effects for groups.
For example, the second group did not exhibit significant
changes in the attention and social cognition tasks compared
to the first group following MT, although their performance
appeared to improve over the study period (Tables 2, 3). This
might suggest that implementing time-variable training affects
treatment outcome on cognition. Health research suggests that
waiting time effects may exceed treatment effects (Minder et al.,
2018) and a moderate decline in patient outcomes 12 months
after treatment acceptance for additional days of waiting has
been reported (Reichert and Jacobs, 2018). Furthermore, there are
potential effects of the time in which the tests were administered
to the participants on observation of task performance change.
For example, in the present study, comparing post-MT with
baseline cognitive measures was completely different from
comparing post-MT with follow-up.

Contrary to previous aforementioned research (Jha et al.,
2007; Heeren et al., 2009; Zanesco et al., 2013), we did
not find significant changes in cognitive flexibility/inhibition,
information processing, and sensory-motor function following
MT, suggesting a lack of short-term effects of MT on these
particular domains in the current samples. As a core component
of mindfulness is related to inhibitory control, the absence of a
positive effect on cognitive flexibility/inhibition was unexpected.
Nevertheless, no significant changes in cognitive flexibility and
information processing following MT have also been reported
by others, e.g., (Wahbeh et al., 2016; Oken et al., 2017). It was
suggested that the absence of MT-related effects on some of the
cognitive domains may be related to the small sample size and a
short training period (Wahbeh et al., 2016), or the ceiling effect
related to cognitive performance at baseline (Oken et al., 2017).

In general, cognition requires the interplay of anatomically
separated and interconnected local networks (Dajani and Uddin,
2015). Thus, observed improvement in specific domain may
reflect a better interaction between cognitive networks. For
example, executive function is a collection of cognitive processes
which includes, but are not limited to, working memory,
attention, cognitive flexibility, and impulse control (Logue and
Gould, 2014). Evidence suggests that MT increases the capacity
for effective emotion regulation such as openness and sensitivity
to subtle changes in affective states, and these subtle changes in
affective states fosters better executive control (Teper et al., 2013).

The Liverpool Model proposes a central role of attentional
control in the development of mindfulness skills, and suggests
that simple meditation practice, such as mindfully focusing
on the somatosensory experiences of breathing, exerts a
positive influence on attentional functions by improving
resource allocation processes (Malinowski, 2013). Furthermore,
improved positive subjective affect associated with MT could
also influence how individuals process information and
allocate attention. Evidence suggests that positive emotions
encourage adaptive responses to environment and feeling

good facilitates creativity, broadening of attentional scopes
(Shiota et al., 2017). Thus, observed cognitive improvements
are more likely to be found in the domains that are closely
related to attentional control. Consistent with this notion,
improvements in switching of attention, memory, and executive
function following MT were found in the present study.
In contrast, cognition underlying information processing,
social cognition, and sensory-motor function may be less
engaged or harder to be modified during a short MT. Further
neuroimaging research with consideration of the effect of
positive emotions, as well as the as sense of presence is required
to clarify this.

Interestingly, we noticed that there was an increased reaction
time on the Go-NoGo task following MT (Tables 2, 3). Although
the changes did not reach statistical significance, it suggests a
trend of slower reaction to the “go” signal. A study by van
den Hurk et al. (2010) also found that mindfulness meditators
exhibited slower motor response than their matched controls.
It has been argued that such “slowness” is an intrinsic trait in
a meditator who has high decision boundary, favoring accuracy
and taking greater time to accumulate evidence before deciding
(van Vugt and Jha, 2011). Given that our participants were not
considered to be experienced mediators, it might be possible
that our participants simply took more time to respond for
improved accuracy.

It is also important to highlight that interventions appeared
to be effective in improving psychological well-being might not
always lead to observable cognitive enhancement. Our previous
study have shown enhanced psychology well-being following this
blended approach of combining face-to-face and online delivery
of MT (Krägeloh et al., 2018), however, significant improvements
were only found in some cognitive domains with this treatment.

There are limitations in our study and the present findings
need to be interpreted with caution. Our study was limited
by its sample size, a relatively short training timeframe
(6 weeks), and participants’ adherence. Although we have
made an effort to measure participants’ home practice, due
to the low response rate and limited range of variability
in scores, frequency and length of home practice could not
be used in the present study as a co-variate. Furthermore,
differences in the time span between the assessments of cognitive
tasks in our groups might compromise the reliability of
group comparison findings. The blended model for delivering
the MT is also relatively new and a lack of real-time
interaction during webinar sessions may compromise the
actual effect of MT on cognition. Nevertheless, our findings
demonstrate the potential of using the videoconference-delivered
group format in MT.

CONCLUSION

In conclusion, our findings indicate that MT could lead to
improved cognitive functions over a brief 6-week course,
and this effect is more apparent in some cognitive domains
than others; specifically, attention switching, working memory,
executive function, language, and social cognition. To date, the
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development of online interventions is still in its infancy and
the question concerning whether the delivery methods diminish
impact remains. Despite the study limitations, our findings
highlight the subtle link between online MT and cognition
which contributes to further understanding and application of
MT in various formats. Given the potential value and increased
acceptability of online MT for clinical practice, further research
related to moderators of treatment effectiveness is warranted.

DATA AVAILABILITY STATEMENT

Raw data of this study are available from the corresponding
author on request.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by AUT Ethics Committee. The patients/participants
provided their written informed consent to participate in this
study.

AUTHOR CONTRIBUTIONS

RS led the funding application for this project. AS, CK, GW,
and RS planned and designed the study. TT coordinated the
recruitment and data collection. GW and CL analyzed the data.
GW drafted the manuscript. All authors contributed to the
manuscript and approved the final version.

FUNDING

This research has been funded by Strategic Research Investment
Fund of Auckland University of Technology – New Zealand.
The funding source had no role in the collection, analysis, or
interpretation of the data or submission.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2021.701459/full#supplementary-material

REFERENCES
Baddeley, A., Emslie, H., and Nimmo-Smith, I. (1993). The Spot-the-Word test:

a robust estimate of verbal intelligence based on lexical decision. Br. J. Clin.
Psychol. 32, 55–65. doi: 10.1111/j.2044-8260.1993.tb01027.x

Benjamini, Y., and Hochberg, Y. (1995). Controlling the false discovery rate:
a practical and powerful approach to multiple testing. J. R. Stat. Soc. B
(Methodological) 57, 289–300. doi: 10.1111/j.2517-6161.1995.tb02031.x

Bennike, I. H., Wieghorst, A., and Kirk, U. (2017). Online-based mindfulness
training reduces behavioral markers of mind wandering. J. Cogn. Enhance. 1,
172–181. doi: 10.1007/s41465-017-0020-9

Benton, A. L., de Hamsher, S. K., and Sivan, A. B. (1994). Multilingual Aphasia
Examination, 3rd Edn. Lutz, FL: Psychological Assessment Resources, Inc.

Chambers, R., Lo, B. C. Y., and Allen, N. B. (2008). The impact of intensive
mindfulness training on attentional control, cognitive style, and affect. Cogn.
Ther. Res. 32, 303–322. doi: 10.1007/s10608-007-9119-0

Chen, S.-Y., Feng, Z., and Yi, X. (2017). A general introduction to adjustment for
multiple comparisons. J. Thorac. Dis. 9, 1725–1729. doi: 10.21037/jtd.2017.05.
34

Crane, R. S., Kuyken, W., Williams, J. M. G., Hastings, R. P., Cooper, L., and
Fennell, M. J. V. (2012). Competence in teaching mindfulness-based courses:
concepts, development and assessment. Mindfulness 3, 76–84. doi: 10.1007/
s12671-011-0073-2

Dajani, D. R., and Uddin, L. Q. (2015). Demystifying cognitive flexibility:
implications for clinical and developmental neuroscience. Trends Neurosci. 38,
571–578. doi: 10.1016/j.tins.2015.07.003

Davis, M. C., and Zautra, A. J. (2013). An online mindfulness intervention targeting
socioemotional regulation in fibromyalgia: results of a randomized controlled
trial. Ann. Behav. Med. 46, 273–284. doi: 10.1007/s12160-013-9513-7

Delis, D., Kramer, J., Kaplan, E., and Ober, B. (eds.) (1987). California Verbal
Learning Test: Manual. San Diego, CA: Harcourt Brace Jovanovich.

Doborjeh, Z., Doborjeh, M., Crook-Rumsey, M., Taylor, T., Wang, G. Y., Moreau,
D., et al. (2020). Interpretability of spatiotemporal dynamics of the brain
processes followed by mindfulness intervention in a brain-inspired spiking
neural network architecture. Sensors (Basel) 20:7354. doi: 10.3390/s2024
7354

Doborjeh, Z., Doborjeh, M., Taylor, T., Kasabov, N., Wang, G. Y., Siegert, R., et al.
(2019). Spiking neural network modelling approach reveals how mindfulness
training rewires the brain. Sci. Rep. 9:6367.

Faul, F., Erdfelder, E., Buchner, A., and Lang, A.-G. (2009). Statistical power
analyses using G∗Power 3.1: tests for correlation and regression analyses. Behav.
Res. Methods 41, 1149–1160. doi: 10.3758/brm.41.4.1149

Glen, S. (2015). Benjamini-Hochberg Procedure. StatisticsHowTo.com: Elementary
Statistics for the rest of us!. Available online at: https://www.statisticshowto.
com/benjamini-hochberg-procedure/ (accessed July 30, 2020)

Gu, J., Cavanagh, K., and Strauss, C. (2018). Investigating the specific effects of
an online mindfulness-based self-help intervention on stress and underlying
mechanisms. Mindfulness 9, 1245–1257. doi: 10.1007/s12671-017-0867-y

Gu, J., Strauss, C., Bond, R., and Cavanagh, K. (2015). How do mindfulness-based
cognitive therapy and mindfulness-based stress reduction improve mental
health and wellbeing? A systematic review and meta-analysis of mediation
studies. Clin. Psychol. Rev. 37, 1–12. doi: 10.1016/j.cpr.2015.01.006

Heeren, A., Van Broeck, N., and Philippot, P. (2009). The effects of mindfulness on
executive processes and autobiographical memory specificity. Behav. Res. Ther.
47, 403–409. doi: 10.1016/j.brat.2009.01.017

Jayawardene, W. P., Lohrmann, D. K., Erbe, R. G., and Torabi, M. R. (2017). Effects
of preventive online mindfulness interventions on stress and mindfulness: a
meta-analysis of randomized controlled trials. Prevent. Med. Rep. 5, 150–159.
doi: 10.1016/j.pmedr.2016.11.013

Jha, A. P., Krompinger, J., and Baime, M. J. (2007). Mindfulness training modifies
subsystems of attention. Cogn. Affect. Behav. Neurosci. 7, 109–119. doi: 10.3758/
cabn.7.2.109

Jha, A. P., Stanley, E. A., Kiyonaga, A., Wong, L., and Gelfand, L. (2010). Examining
the protective effects of mindfulness training on working memory capacity and
affective experience. Emotion 10, 54–64. doi: 10.1037/a0018438

Kabat-Zinn, J. (2013). Full Catastrophe Living (Revised Edition): Using The Wisdom
of Your Body and Mind to Face Stress, Pain, and Illness. New York, NY: Bantam
Books.

Kohler, C., Turner, T., Bilker, W., Brensinger, C., Siegel, S., Kanes, S., et al. (2003).
Facial emotion recognition in schizophrenia: intensity effects and error pattern.
Am. J. Psychiatry 160, 1768–1774. doi: 10.1176/appi.ajp.160.10.1768

Krägeloh, C. U., Henning, M. A., Medvedev, O. N., Feng, X. J., Moir, F., Billington,
R., et al. (2019). Mindfulness-Based Intervention Research: Characteristics,
Approaches, and Developments. London: Routledge.

Krägeloh, C. U., Medvedev, O. N., Taylor, T., Wrapson, W., Rix, G., Sumich,
A., et al. (2018). A pilot randomized controlled trial for a videoconference-
delivered mindfulness-based group intervention in a nonclinical setting.
Mindfulness 10, 700–711. doi: 10.1007/s12671-018-1024-y

Frontiers in Psychology | www.frontiersin.org 7 July 2021 | Volume 12 | Article 701459

https://www.frontiersin.org/articles/10.3389/fpsyg.2021.701459/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.701459/full#supplementary-material
https://doi.org/10.1111/j.2044-8260.1993.tb01027.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1007/s41465-017-0020-9
https://doi.org/10.1007/s10608-007-9119-0
https://doi.org/10.21037/jtd.2017.05.34
https://doi.org/10.21037/jtd.2017.05.34
https://doi.org/10.1007/s12671-011-0073-2
https://doi.org/10.1007/s12671-011-0073-2
https://doi.org/10.1016/j.tins.2015.07.003
https://doi.org/10.1007/s12160-013-9513-7
https://doi.org/10.3390/s20247354
https://doi.org/10.3390/s20247354
https://doi.org/10.3758/brm.41.4.1149
https://www.statisticshowto.com/benjamini-hochberg-procedure/
https://www.statisticshowto.com/benjamini-hochberg-procedure/
https://doi.org/10.1007/s12671-017-0867-y
https://doi.org/10.1016/j.cpr.2015.01.006
https://doi.org/10.1016/j.brat.2009.01.017
https://doi.org/10.1016/j.pmedr.2016.11.013
https://doi.org/10.3758/cabn.7.2.109
https://doi.org/10.3758/cabn.7.2.109
https://doi.org/10.1037/a0018438
https://doi.org/10.1176/appi.ajp.160.10.1768
https://doi.org/10.1007/s12671-018-1024-y
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-701459 July 26, 2021 Time: 18:5 # 8

Wang et al. Cognition and Mindfulness

Logue, S. F., and Gould, T. J. (2014). The neural and genetic basis of executive
function: attention, cognitive flexibility, and response inhibition. Pharmacol.
Biochem. Behav. 123, 45–54. doi: 10.1016/j.pbb.2013.08.007

Malinowski, P. (2013). Neural mechanisms of attentional control in mindfulness
meditation. Front. Neurosci. 7:8.

Milner, B. (1971). Interhemispheric differences in the localization of psychological
processes in man. Br. Med. Bull. 27, 272–277. doi: 10.1093/oxfordjournals.bmb.
a070866

Minder, F., Zuberer, A., Brandeis, D., and Drechsler, R. (2018). Informant-
related effects of neurofeedback and cognitive training in children with ADHD
including a waiting control phase: a randomized-controlled trial. Eur. Child
Adolesc. Psychiatry 27, 1055–1066. doi: 10.1007/s00787-018-1116-1

Montero-Marin, J., Gaete, J., Araya, R., Demarzo, M., Manzanera, R., Álvarez de
Mon, M., et al. (2018). Impact of a blended web-based mindfulness programme
for general practitioners: a pilot study. Mindfulness 9, 129–139. doi: 10.1007/
s12671-017-0752-8

Moore, A., and Malinowski, P. (2009). Meditation, mindfulness and cognitive
flexibility. Conscious. Cogn. 18, 176–186. doi: 10.1016/j.concog.2008.12.008

Morrison, A. B., and Jha, A. P. (2015). “Mindfulness, attention, and working
memory,” in Handbook of Mindfulness and Self-Regulation, eds B. D. Ostafin,
M. D. Robinson, and B. P. Meier (New York, NY: Springer), 33–45. doi: 10.
1007/978-1-4939-2263-5_4

Mrazek, M. D., Franklin, M. S., Phillips, D. T., Baird, B., and Schooler, J. W.
(2013). Mindfulness training improves working memory capacity and GRE
performance while reducing mind wandering. Psychol. Sci. 24, 776–781. doi:
10.1177/0956797612459659

Navarro-Haro, M. V., López-del-Hoyo, Y., Campos, D., Linehan, M. M., Hoffman,
H. G., García-Palacios, A., et al. (2017). Meditation experts try virtual reality
mindfulness: a pilot study evaluation of the feasibility and acceptability
of virtual reality to facilitate mindfulness practice in people attending a
Mindfulness conference. PLoS One 12:e0187777. doi: 10.1371/journal.pone.
0187777

Nelson, H. E., and Willison, J. R. (1991). The Revised National Adult Reading
Test–Test manual. Windsor: NFER-Nelson.

Noone, C., and Hogan, M. J. (2018). A randomised active-controlled trial to
examine the effects of an online mindfulness intervention on executive control,
critical thinking and key thinking dispositions in a university student sample.
BMC Psychol. 6:13.

Oken, B., Wahbeh, H., Goodrich, E., Klee, D., Memmott, T., Miller, M., et al.
(2017). Meditation in stressed older adults: improvements in self-rated mental
health not paralleled by improvements in cognitive function or physiological
measures. Mindfulness 8, 627–638. doi: 10.1007/s12671-016-0640-7

Paul, R. H., Lawrence, J., Williams, L. M., Gordon, E., Richard, C. C., and
Cooper, N. (2005). Preliminary validity of "integneuroTM": a new computerized
battery of neurocognitive tests. Int. J. Neurosci. 115, 1549–1567. doi: 10.1080/
00207450590957890

Pierce, B. S., Perrin, P. B., Tyler, C. M., McKee, G. B., and Watson, J. D. (2021).
The COVID-19 telepsychology revolution: a national study of pandemic-based
changes in U.S. mental health care delivery. Am. Psychol. 76, 14–25. doi:
10.1037/amp0000722

Polsinelli, A. J., Kaszniak, A. W., Glisky, E. L., and Ashish, D. (2020). Effects of
a brief, online, focused attention mindfulness training on cognition in older
adults: a randomized controlled trial. Mindfulness 11, 1182–1193. doi: 10.1007/
s12671-020-01329-2

Reichert, A., and Jacobs, R. (2018). The impact of waiting time on patient outcomes:
evidence from early intervention in psychosis services in England. Health Econ.
27, 1772–1787. doi: 10.1002/hec.3800

Reitan, R. (1958). Validity of the trail making test as an indicator of organic brain
damage. Percept. Mot. Skills 8, 271–276. doi: 10.2466/pms.8.7.271-276

Rey, A. (1941). L’examen psychologique dans les cas d’encephalopathsie
traumatique. Arch. Psychol. 28, 286–340.

Riva, G., Baños, R. M., Botella, C., Wiederhold, B. K., and Gaggioli, A.
(2012). Positive technology: using interactive technologies to promote positive
functioning. Cyberpsychol. Behav. Soc. Network. 15, 69–77. doi: 10.1089/cyber.
2011.0139

Shiota, M. N., Campos, B., Oveis, C., Hertenstein, M. J., Simon-Thomas, E., and
Keltner, D. (2017). Beyond happiness: building a science of discrete positive
emotions. Am. Psychol. 72, 617–643. doi: 10.1037/a0040456

Spadaro, K. C., and Hunker, D. F. (2016). Exploring the effects of an online
asynchronous mindfulness meditation intervention with nursing students on
stress, mood, and cognition: a descriptive study. Nurse Educ. Today 39, 163–
169. doi: 10.1016/j.nedt.2016.02.006

Spijkerman, M. P., Pots, W. T., and Bohlmeijer, E. T. (2016). Effectiveness of online
mindfulness-based interventions in improving mental health: a review and
meta-analysis of randomised controlled trials. Clin. Psychol. Rev. 45, 102–114.
doi: 10.1016/j.cpr.2016.03.009

Stroop, J. (1935). Studies of interference in serial verbal reactions. J. Exp. Psychol.
18, 643–662. doi: 10.1037/h0054651

Teper, R., Segal, Z. V., and Inzlicht, M. (2013). Inside the mindful mind: how
mindfulness enhances emotion regulation through improvements in executive
control. Curr. Direct. Psychol. Sci. 22, 449–454. doi: 10.1177/0963721413495869

van den Hurk, P. A. M., Giommi, F., Gielen, S. C., Speckens, A. E. M., and
Barendregt, H. P. (2010). Greater efficiency in attentional processing related to
mindfulness meditation. Quart. J. Exp. Psychol. 63, 1168–1180. doi: 10.1080/
17470210903249365

van Vugt, M. K., and Jha, A. P. (2011). Investigating the impact of mindfulness
meditation training on working memory: a mathematical modeling approach.
Cogn. Affect. Behav. Neurosci. 11, 344–353. doi: 10.3758/s13415-011-0048-8

Villani, D., Riva, F., and Riva, G. (2007). New technologies for relaxation: the role
of presence. Int. J. Stress Manage. 14, 260–274. doi: 10.1037/1072-5245.14.3.260

Wahbeh, H., Goodrich, E., and Oken, B. S. (2016). Internet-based mindfulness
meditation for cognition and mood in older adults: a pilot study. Altern. Ther.
Health Med. 22, 44–53.

Wahbeh, H., Svalina, M. N., and Oken, B. S. (2014). Group, one-on-one, or
Internet? Preferences for mindfulness meditation delivery format and their
predictors. Open Med. J. 1, 66–74. doi: 10.2174/1874220301401010066

Walsh, K. W. (ed.) (1985). Understanding Brain Damage: A Primer of
Neuropsychological Evaluation. London: Churchill Livingstone.

Wang, G. Y., Taylor, T., Sumich, A., Merien, F., Borotkanics, R., Wrapson, W.,
et al. (2017). Associations between immunological function and memory recall
in healthy adults. Brain Cogn. 119, 39–44. doi: 10.1016/j.bandc.2017.10.002

Wang, G. Y., Wouldes, T. A., Kydd, R., Jensen, M., and Russell, B. R.
(2014). Neuropsychological performance of methadone-maintained opiate
users. J. Psychopharmacol. 28, 789–799. doi: 10.1177/0269881114538541

Wertham, F. (1929). A new sign of cerebellar diseases. J. Nerv. Ment. Dis. 69,
486–493. doi: 10.1097/00005053-192905000-00002

Weschler, D. (1997). Wechsler Memory Scale, 3rd Edn. San Antonio, TX: The
Psychological Corporation.

Williams, L. M., Simms, E., Clark, C. R., Paul, R. H., Rowe, D., and Gordon,
E. (2005). The test-retest reliability of a standardized neurocognitive and
neurophysiological test battery: "NeuroMaker". Int. J. Neurosci. 115, 1605–1630.
doi: 10.1080/00207450590958475

Zanesco, A. P., King, B. G., Saron, C. D., and MacLean, K. A. (2013). Executive
control and felt concentrative engagement following intensive meditation
training. Front. Hum. Neurosci. 7:566.

Zeidan, F., Johnson, S. K., Diamond, B. J., David, Z., and Goolkasian, P. (2010).
Mindfulness meditation improves cognition: evidence of brief mental training.
Conscious. Cogn. 19, 597–605. doi: 10.1016/j.concog.2010.03.014

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Wang, Taylor, Sumich, Krägeloh, Lee and Siegert. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Psychology | www.frontiersin.org 8 July 2021 | Volume 12 | Article 701459

https://doi.org/10.1016/j.pbb.2013.08.007
https://doi.org/10.1093/oxfordjournals.bmb.a070866
https://doi.org/10.1093/oxfordjournals.bmb.a070866
https://doi.org/10.1007/s00787-018-1116-1
https://doi.org/10.1007/s12671-017-0752-8
https://doi.org/10.1007/s12671-017-0752-8
https://doi.org/10.1016/j.concog.2008.12.008
https://doi.org/10.1007/978-1-4939-2263-5_4
https://doi.org/10.1007/978-1-4939-2263-5_4
https://doi.org/10.1177/0956797612459659
https://doi.org/10.1177/0956797612459659
https://doi.org/10.1371/journal.pone.0187777
https://doi.org/10.1371/journal.pone.0187777
https://doi.org/10.1007/s12671-016-0640-7
https://doi.org/10.1080/00207450590957890
https://doi.org/10.1080/00207450590957890
https://doi.org/10.1037/amp0000722
https://doi.org/10.1037/amp0000722
https://doi.org/10.1007/s12671-020-01329-2
https://doi.org/10.1007/s12671-020-01329-2
https://doi.org/10.1002/hec.3800
https://doi.org/10.2466/pms.8.7.271-276
https://doi.org/10.1089/cyber.2011.0139
https://doi.org/10.1089/cyber.2011.0139
https://doi.org/10.1037/a0040456
https://doi.org/10.1016/j.nedt.2016.02.006
https://doi.org/10.1016/j.cpr.2016.03.009
https://doi.org/10.1037/h0054651
https://doi.org/10.1177/0963721413495869
https://doi.org/10.1080/17470210903249365
https://doi.org/10.1080/17470210903249365
https://doi.org/10.3758/s13415-011-0048-8
https://doi.org/10.1037/1072-5245.14.3.260
https://doi.org/10.2174/1874220301401010066
https://doi.org/10.1016/j.bandc.2017.10.002
https://doi.org/10.1177/0269881114538541
https://doi.org/10.1097/00005053-192905000-00002
https://doi.org/10.1080/00207450590958475
https://doi.org/10.1016/j.concog.2010.03.014
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Cognitive Effect Following a Blended (Face to Face and Videoconference-Delivered) Format Mindfulness Training
	Introduction
	Materials and Methods
	Participants
	Mindfulness Training
	Assessment of Cognitive Function
	Procedure
	Data Analysis

	Results
	Group One (Baseline vs. Pre-MT vs. Post-MT)
	Group Two (Baseline vs. Post-MT vs. Follow-Up)
	Group Differences: Fixed-Effect Contributions

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


