Open Access

OBM Integrative and *{(Ll DSEN

Complementary Medicine LIDSEN Publishing Inc.

Research Article

Psychophysiological Coherence in CommunitynBmicsc A
GComparative Analysibetween Meditation and Other Activities
Jeffery Jonathadoshug, * )Davis"", Florian Schiibeler Robert Kozmé®

1. The Embassy of Peace, Whitianga, New Zealag#/lails. joshua 888@yahoo.com
florian@theembassyofpeace.com

2. BINDS Lab, Dept. of Computer Science, University of Massachusetts Amherst, MA 01002, USA
E-Mail: rkozma@memphis.edu

3. CLION, Dept. Mathematical Sciences, Universitjeshphis, Memphis, TN. 38152, UEAMail:

rkozma@memphis.edu

* Correspondencel. JJoshuaDavis E-Mail: joshua_888@yahoo.com
Academic EditorPaul D. Loprinzi

Speciallssue Research of Exercise and Cognitive Function

OBM Integrative an€omplementary Medicine ReceivedNovember 26, 2018

2019, volume 4, issue 1 Accepted:February 8, 2019
d0i:10.21926/0bmicm.1901015 Published:March 04, 2019
Abstract:

Background Psychophysiologicatoherence has been widely studiexs abodily state
associated with generalell-being and cognitive clarity. Heart Rate Vaility (HRV) has
been shown to bea good biomarker to asse psychophysiological coherencé&his paper
presents the first general set of results concerning a sttidyt is part of a team effort
betweena body of researcheris 5 countries €d by the HeartMath Institute under the name,
International Heart Rate Variability Synchronizat{tiRVS)t8dy. This study focuses on the
effects that meditation has on both HRV and the Coherence Ratio. It is hypothesized that
meditationimproves coherence.

Methods Our research study was conducted at The Embassy of Peace in Whitianga, New
Zealandwith 22 participants, whosecardiac activitywas measurediaa FIRSTBEAT wireless
HRV recorderfor a period of 15 days, 2Bours per day,plus an hour break perday for
individual care of the body. In order to have an initial qualitative impression of the data, we
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developed a&Coherence Ratimovie, which allows us teisualize very clearly bothdividual
and collective HRV dynamiasdifferent timesduring variousactivities

Results We observe via the movie a clear differencebetween meditation and other
periods We qualitatively demonstrate an improvement in coherenesd we found,
amongst other things, thal type of meditation, the Paradise Landing MeditatiGALM)
conducted every day at 6:00 PM, showignificantly higher values faoherence.We
compaed quantitatively the PLM with other daily activities and show a significant
improvement in coherence when in meditative states.

ConclusionsWe infer that meditative statesmight be beneficiato cognition and general
well-being and proposehat the heart together with the brain and the respiratory system
are engaged in modulating cognitivelarity, something that we briefly explore and
recommend for furthernvestigation

Keywords
Psychophysiological coherence; synchronization; braart dynamics; heart rate variability
(HRY; cognition; intentionality; knowledge and meanirggiritual and behavioral values

1. Introduction

It is well knownfrom previous studiethat yoga,relaxationand meditationpracticesshowvery
particular brain waves (mainly Alphas well as higher coherence ratios and scpassmonitored
with the use of HRV measuremerjts5]. We haveobserved these kinds of resultgialitatively,
and here we willalso explore thisgeneralhypothesis gantitatively, only for coherence atios
derived from heart dynamics.

The International Heart Rate Variability SynchronizatiddRV¥ Studyand additional studies
we conducted at The Embassy of Peace in New Zealand were organized into a set of daily activities
that presumably would have different effects in bd#fRVand the Coherence Ratj6-8] for the 22
participants These participants were from different nationaliti€d from New Zealand4 from
Australia,3 from Israel andl each from Germany, China, USA, Switzerland, South Africa and UK)
and age groups ranging from 25 to,swhere 11 were female and 11 were mal& of them were
healthy, however 1 female participant was opostsurgery and rheumatoid arthritismedication
and another was taking psychopharmaceutical drugs.

These activities consisted of 3 types of meditation a day, starting at around 10:00 AMPN2:00
and 6:00 PMfor a 1-hour period each It is important to note that the HeartMath Institute also led
2 global meditations with participants from all groups in each of the different countries on 2
occasions. In addition to all of this, each participamttihe group at The Embassy of Peace
performed 4 individual meditations spread out over th&dayperiod, apart from the daily group
meditations. This amount and mixture of meditation periods and types presumably allows for a
good quantitative analysidt is also important to note thaB other types of activities were also
tested in this study, however, the analysis of these activities is outside the scope of this paper and
remains the topic for future studies.
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Our first particular hypothesisstates that meditation periods should show significantly higher
coherence ratios than baseline and any other daily activity, while serond particular
hypothesisstates that baseline periods are expected to shiower or similarcoherence ratios
than ary other dailyactivities.

Following we briefly introduce the reader to a broader understanding of the complexities
associated with cognitive clarity, psychophysiological coherence and inner peace, presumably
related to meditative states and the creatiai knowledge and meaning in the brain associated
with positive emotions.A good beginning is to remind the reader that cognitive clarity also
associated with cognitive performance pertainsniental procesgsand states in the acquisition
and applicationof knowledge with clarity (ease and fluidity) while being aware of thought,
experience and sensory information. When we refer to clarity we should also consider spiritual or
subjective states where the quality of being coherent and intelligible becosaéent, as for
example, when a human being displays clarity of purpose and intention or qualitatively the purity
of thoughts and relatedness when in appreciation of others. Sensory wise we can also add the
capacity of appreciating beautycolor and melody fo example where the scenery or the
environment becomes very salient, sharp and clear. It is with a combination of these subjective
and objective cognitive states where we can imagine and experience whath is a desirable
cognitive performance as whean artist plays on an open stage in nature and the moment
becomes vergnjoyable, beautiful and strikingly memorabBomething that we could relate to a
peak experience la Maslow [48].However, what in the world has that got to do with HRV,
psychophysiological coherence and inner peace? The answer to this question is extremely complex
and outside the scope of this study, yet we must say that psychophysiological coherence has been
assocated with cognitive performance and emotional stabilfl] and very well explained %2,

53]. Measures for psychophysiological coherence can be derived from HRV and they are
associated with stress reductiprsomething that could be intuitivelyand subgctively also
associated to some form of inner stability, accompanied with a sense of inner peace and harmony
an experience which is common to most humaagen if for brief moments in life

Based on the above, it seems to us that there are good groutasthink that
psychophysiological coherence is somehow associated with cognitive clarity, generatiegll
and inner peacelt has been proposed that brain, heart and respiration dynamics are highly
interdependent, particularly in mediating coherent statand also certain cognitive staf®3. Also,
these oscillatory systems could display some form of metastability as observed in brain dynamics
associated with different cognitive statg40-12]. As an integral part to a brief review and
comprehension ofperception, awareness and spiritual experiendss], we have turned our
consideration to the work of14] regarding the cooperation between the brain and the heart
which is mediated by respiration, keeping in mind the end gmado equity to the expansive
assemblage of ancient wisdom, philosophical thought and logical hypotheses which bolster the
GKS2NE (GKIFIG GKS GKSENIGE LI Feéa | sidimdkyigcGehd #heS LI
KFEFYyREAY3 27F aY2 bBmplcitidhg, 3ang Bféthe dindAréldked tiz feelings and
Universal Values, similar to Love and Compaqd4i6118].

In most recent years Kozma and Dayl®-22] have propelled the improvement of a
methodology to study brain dynamics inspired by the workAdlter Freeman and others. This
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methodology is intended to identify the points of interest, as well as the inconveniences of
applying spatigemporal analysis on brain signals towards the investigation of mind and
consciousnes$23], as manifested and diaguished in snapshots of synchronizations and de
synchronizations in neural dynamics crosswiser expansive cortical region$hese kinds of
brain dynamics are presumably identified with higher perception and the formatieation of
knowledge andmeaning[24, 25]and the advantages related to utilizing the procedures of EEG
measurements, as prescribed by Freeman and Quif@ga and studied by Davis, Kozma and
Freeman in collaboration with Lin and Gillg¥, 28]

Freeman and others have alreadyggested that meaning creation requires previous and new
knowledge and in turn the brain also needs to derive meaning from internal and external events in
order to create or produce new knowledd#9, 21, 22, 29]However, even with the advent of the
era d information technology, how the brain and now presumably the heart takes part in the
creation of our most intimate meanings or even the trivial ones still remains a mystery, and
perhaps the time has come to attempt genuine endeavors to explore more yiseph a mystery.

Be that as it may, this is out of the extent of this paper and we will concentrate in the near future
on the examination of the results obtained in thidRVStudy, in order to derive deeper insights
and understanding on the subject amabtentially encourage more investigation towards the
development of procedures and methodologies thabuld allow us to relate mindrain-heart
dynamicg[5]. With this in mind we aim at a deeper understanding of the role of the heart in the
embodiment ofSpiritual Values in intentional behavior.

This work will introduce several variables and parameters that were computed based on the
measurements of heart dynamics for each participant in order to look at daily activities in contrast
with meditation, presumably associated with different states of being. In order to facilitate a
standard language, peaceful or harmonious states of being will be referred to as analogous or
similar to psychophysiological coherence and used interchangeably. This is on one dé@mdeb
it simplifies a philosophical subject, which is outside the scope of the present study and on the
other hand because we are convinced that the term psychophysiological coherence describes
relatively well, in a scientific manner, a point of entryhigher cognitive meanings in the realms of
psyche, soul, spirit and bod¥5].

Our line of research carries the potential to advance the understanding of decis&ing in
the context of Universal Spiritual Values and the power associated to that, sorgetimat more
likely would lead to constructive intelligence and peaceful behaviors for the benefit and spiritual
development of future generationfl3]. A good start is in the understanding of the power of
meditation and other presumably beneficial actieg that may lead to stress reduction and
cognitive clarity.

2. Materials and Methods

Informed consent was obtained from all 22 participants who took part in this experiment here
at The Embassy of Peace in Whitianga, New Zealand.
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2.1 Description of the Experiments and Data Preprocessing for Interbeat Intervals (IBI)
and Scores

In order to obtain measurements from heart dynamics, we us€tRSTBEAT Bodyguard 2 HRV
recorderthat operates 24 hours a day and record&®fntervald30]. The device is attached to the
skin, after shaving when necessary, with two chest electrodes that once connected, start recording
data automatically. The main technical specifications of the device are as follows: (a) rechargeable
battery with a life of ~&lays; (b) 20 days storage capacity; (c) charging time ~1 hour; (d) weight 24
g; and (e) sampling frequency 1000 Hz.

The data was preprocessed and converted to text files by the team at the HeartMath Institute
and based on that dataset we performed thisfianalysis for 5 minute interval computations that
include:

1 Heart Rate (HR) measure.

1 Coherence Ratio as a function of Total Power (TP) and Low Frequency (LF).
1 Mean of RR intervals (time between heartbeats).

1 The standard deviation of-R intervals (SDNN).

As part of this initial visual inspection and basic statistical analysis, we developed a movie that
displays the behavior of the group (22 participants) simultaneously, in frames of 5 minutes each
while engaged in different daily activities and meditatiperiods[31].

The quantitative analysis is based on the 1Bl data from which we compute the Power Spectrum
Density (PSD) in order to derive an acceptable Coherence Ratio according to lit@hture

We performed graphical and statistical analysis of tl@heZence Ratio (CR) mean values,
where we computed confidence intervals for the CR mean values for every participant and all
conditions analyzed. We also performed a set of hypothesis tests to find out if the CR mean values
were equal or different for thelistinct conditions as means to test the hypothesis that meditation
periods will show higher values for the CR.

The environment in which we conducted the experiment was a rural, native bush kind of
environment in Whitianga, very pleasant and peaceful, @hd planned meditations were
conducted, for most of them, inside the house in a very spacious living room. Other meditation
periods were done outdoors. Here on site, the weathers warmhot, since Februarg Marchis
summer time in New Zealand.

We planneda set of investigations in light oféhdata we obtained, so as fwst understand the
behavior of: (1) the baseline or regular HRV of a participant (probably his or her typicalijkatye
day-by-day state of being) and (2) HRV during meditation dnydhmic breathing practices.

The baseline periods were as follows:

1 Randomly chose30-minute periods outside the daily planned actives, meditations and
sleep times,intended tocapture S OK A Y RA @A Rdzl -0-day atigifes, NI y R
which we congler appropriateas a baseline.

The daily planned meditations were as follows:

1 Heart Lockn Meditation as described by The HeartMath Institute (Meditation 1).

Tt NOAOALI yiQa YSRAGFGAZ2Y 2F OK2AO0OS o6aSRAGI

1 Paradise Landing Meditation: (a) listeninga@iece of poetry about Spiritual Values by
the nameof Paradise Landinig2], followed by (b) chanting the sounds of the associated
Hebrew letters to each Value atidlen 1 KS aeéftFofS WYhaQ o6aSRAUGI
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The global planned meditations with all groupsm all countries were as follows:
1 Heart Lockn Meditation (HLM) on 6 March, 2015 from 6:00 AM to 6:15 AM, New
Zealand time (Global HLM 1).
1 Heart Lockn Meditation on 12 March, 2015 from 6:30 AM to 7:00 AM, New Zealand time
(Global HLM 2).

The 4individual planned HLBfor all participants were at the time and date of their choice.

It is important to note thatcreating an arbitrary baseline activity is differéndm allowing each
individual to go about their day doing their own random activitiediich we consider more
appropriate for a baselineThis allows us to compare meditation periods with ordinary leisure
time that serves as a contrasting background activity, our baseline.

This first paper will cover the analysis of different activitidaseline or regular activities, the
daily planned meditations and the Global Hi.NHowever we will focus on the quantitative
analysis of the Coherence Ratios for: (1) Paradise Landing Meditation (PLM), (2) other daily
scheduled Group Activities (GA) a) Baseline.

3. Results and Analysis
3.1First General Analysis

In this section we introduce the reader to a set of general results and analysis concerning
individual and group HRV measures during different typesctities.

In Figure 1 we can observe 4 variables computed over consecutive periods of 5 minutes for the
20 participants recorded on sit€Note that in this particular analysis only the 20 participants
recorded on site were included for the final analysis becauseagisistencies in recording times.

This simplified the analysis without losit@p many points in sample sigelhe well known mean

of the RR intervals (IBI in milliseconds) together with the HR estimates (beats per midae4]

show very clearly the presence of daily cycles (24 hour cycles) where the periods of daily activity
(awake state) are characterized by different values than the hours of sleep. The CR also shows the
presence of the daily cycles as well as some interestuegts associated with meditation periods
where the CR seems to be significantly higher. Particularly, we observe peaks at similar hours
every day, indicating that meditation periods display values significantly larger for CR. Also as
expected, the CR sk a significant drop during sleep for all participants for all days. The
equation for the CR is as follows:

oY 6 "00 I 6 miufp 188
YO 0 0D P P
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Figure 1Evolution of HRV and Coherence measures over periods of 5 minutes per
participant over a period of 15 days. Top left: Coherence Ratio (a), Top right: Heart
Rate (b), Bottom left: IR intervals (c) and Bottom right: SDNN (d).

The formula that we use for hCR, for this initial analysis, is based on the power spectrum
calculated over each period of 5 minutes and is a function of Low Frequency Power (LFP) and Total
Power (TP), as described[®) 34-36].

In Figure 2, we observe the same behavior for thef@Rach day and now we can see the
pattern when we average the values of all participants per day. We clearly observe the difference
between awake and sleep states and we point to the fact that for every day there are 3 periods:
10:0011:00 AM, 2:08:00PM and 6:007:00 PM where we observe high peak values for the CR
and the highest, in particular being, between 6000 PM for all days.

It is important to note that these periods correspond with the 3 daily planned meditation
periods and that the last ancorresponds to the Paradise Landing Meditation period explained
above in the previous section. We can also observe significant fluctuations in other periods
associated with some of the other activities, however, these values seem significantly snaaller th
the meditation periods, at least so far at this level of visual analysis. We also observe that the
Global HLM on the 6th and the 12th of March, show a significantly high value at around 6:00 AM
(Figure 2: plots 8 and 14 towards the very far right).
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Figure 2Daily average for all participants of the evolution of the mean CR over periods

of 5 minutes per participant for each of the 15 measured days. First, top row from left

to right: Day 1, Day 2, Day 3 and Day 4. Second row: Day 5, Day 6, Day 7 &nd Day
Third row: Day 9, Day 10, Day 11 and Day 12. Finally, last row: Day 13, Day 14 and Day
15.

The next Figures, 3 and 4, give a very clear impression of the overall average daily dynamics. In
Figure 3 (CR values), we can point to very distinct behaviorthéomeditation periods when
compared with regular daily activity periods.

We can clearly point to very significant effects in the CR associated to the different activities
and meditations at different hours of the day as follows:

T

From 9:0010:00 AM, lowcoherence with a lower peak just before the Meditation 1 period
due to an hour disconnection period for daily care of the body and device battery recharge,
for around a third of the participants.

From 10:0011:00 AM, a dramatic increase in CR for the tfi80 minutes of meditation

with a drop towards the start of daily activities.

From 11:0012:00 AMPM, medium CR values during daily group activities.

From 12:0801:00 PM, a sudden drop due to the 1 hour disconnection period for around a
third of the partigpants.

From 01:0002:00 PM, low coherence with a lower peak just before the Meditation 2
period.

From 02:0003:00 PM, a dramatic increase in CR for the first 30 minutes of meditation
with a drop towards the start of the next activity

From 03:0004:00 PMmedium values for CR during other daily group activities.

From 04:0005:00 PM, a sudden drop due to the 1 hour disconnection period for another
third of the participants.
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1 From 05:0006:00 PM, low coherence with a lower peak just before the Meditation 3
period.

 From 06:0807:00 PM, a dramatic increase in CR for the first 30 minutes of meditation
with a drop towards the start of the next activity

1 From 07:0008:00 PM, medium CR values during other daily group activities.

1 From 08:0009:00 PM we observe a ap in coherence due to the 1 hour disconnection
period for the remaining 3 participants.

1 From 09:00 PM onwards, until the next morning, the CR gradually drops reaching the
lowest values.

90:221011121pm234567891011121am23456789

Hour of the day

Figure 3Daily overall averagir all participants showing the evolution of the mean CR
over periods of 5 minutes with 95% significance confidence intervals. Note that the
hours of the day (x axis) start at 9:22 AM and they move by steps of 1 hour to 10:22
AM, 11:22 AM and so on.

In Hgure 4 (a) we can observe that the lowest HR values are associated with the 3 meditation
periods 10:0611:00 AM, 02:0@3:00 PM and 06:307:00 PM. In Figure 4 (b), we point to the fact
that the SDNN together with the HRV drop significantly very closB0td2 AM, 02:22 PM and
06:22 PM for each of the 3 meditation periods respectively and precisely when the CR present the
highest values. It is also important to note that in both graphs we can clearly observe the 4 daily
disconnect periods associated witlgsificant drops in the variables HR and SDNN for periods of
around an hour. In general, similar conclusions as the ones already mentioned before can be
drawn from the graphs in Figure 4, something that should be expected since all of these variables
are dosely related.
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Figure 4Daily overall average for all participants shogvime evolution of HRa) and
SDNN(b) over periods of 5 minutes with 95% significance confidence intervals. Note
that the hours of the day (x axis) start at 9:22 AM and they move by steps of 1 hour to
10:22 AM, 11:22 AM and so on.

Finally in Picture 1, we introduce the reader to some of tfzanke sequences extracted from
the movie that we created to visualize the CR for group dynamics, for every 5 minutes of the day,
for the 15day experiment.

The movie revealed very similar, though more subtle, dynamics to the ones shown in the
previous figues, with the added value of the group dynamics displayed for every participant,
frame by frame over time, for the CR values for each 5 minute interval. Watching this movie
preceded other analyses and was very informative, and in some cases inspiratiocelitsi
stimulated the research group to the future more in depth exploration of group coherence
dynamics. Finally, this exploration also pointed to the kinds of figurds (le needed to present
to the reader.

We certainly recommend watching thmovie (https://thescienceofpeace.weebly.com/experim
ents-research.htmjto fully appreciate the complex daily dynamics of CR values acrosiffie
ent hours through all days and the effects of different daily activities and meditafgi]s
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Picture 1 Movie frames showing CR values at different times during the day for
different conditions from left to right for periods: Sleep tir(ee & f) Meditation 1(b &

0), 1 of 3 daily group activitiegc & h) Paradise Landing Meditatidd & i)and Baseline

(e & j) for Day 2 (ee) and Day Jf-j). 1 of the frames (b has been enlargednd
provides a detailed description of how to interpret each oéthO provided movie
frames. The first 22 blocks represehiof the participants, displaying their CR mean
value at the identified time. It is important to note that blocks-23 areinactive

3.2PL Meditation vs Other Daily Group Activity Analysis

From all types and periods of meditation we selected the Paradise Landing Meditation (PLM)
periods for the sake of simplifying the analysis and scope of this research. It is important to note
that qualitatively, the PLM shows higher CR mean values tharotther types of meditation,
something that should be reflected in our hypothesis testing. A more thorough analysis about the
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