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Introduction: There is no evidence supporting the importance of heart coherence in spiritual leadership (which
describes a transformation process increasing adaptability). The study aimed to evaluate heart coherence in
students studying craniosacral therapy. Heart coherence was used as an indicator of spiritual leadership and was
determined by an Inner Life and Coherent Interaction between its variables. Heart coherence denotes the degree
of order, harmony and stability in the numerous physiological rhythms within the human body.

Methods: A multilevel, quantitative, within-subjects, experimental research design was used in a convenience
sample of 11 cranosacral therapy students. Students had different levels of experience, low (group 1) and high
(group 2) . Spiritual leadership was measured using a questionnaire, while a heart sensor captured its coherence.

Results: Group 2 exhibited higher Spiritual Leadership (+18%) and higher outcomes for Spiritual Well-Being
(+9%), with similar scores for Coherent Interaction. At the personal level, participants from the same group
had higher Spiritual Leadership (+31%), higher Coherent Interaction (+14%), and higher Spiritual Well-Being
(+11%). Individual Inner Life was 5% higher for Group 1 participants. A repeated measure ANOVA on the pre
and post means did not produce any significant difference in heart coherence for both groups.

Conclusion: Findings support the hypothesis that Inner Life and Coherent Interaction can be usefully deployed
to evaluate the emergence of Spiritual Well-being. The study could not provide evidence that heart coherence
could be considered as an indicator of spiritual leadership, but results indicated a measurable variation and

synchronization of heart coherence among participants during a craniosacral therapy session.

1. Introduction

The underlying phenomenon guiding this study is entrainment, de-
fined as a synchronization process whereby two or more independent
and naturally occurring rhythms interact with each other in such a way
that they eventually lock-in to a common phase and/or periodicity [1].
The word entrainment originates from the French verb “entrainer” (to
drag, to pull) and it was the Dutch mathematician, Christiaan Huygens
who first noted it in the 17th century [2,3]. Meanwhile, entrainment
has already been studied in a variety of disciplines — such as physics,
neurosciences, physiology, biology — before researchers in organization
theory started using entrainment to emphasize the importance of time,
pace, and business cycles in organizations, because naturally occurring
rhythms exist within individuals, groups, organizations, and environ-
ments [4,5]. Borrowing a phenomenon initially developed in other fields
is not uncommon for organizational scholars to enrich “the study of or-
ganizations by enabling a more sophisticated understanding of various
phenomena explaining organizational dynamics” [5:785]. Furthermore,
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studies argue that entrainment is positively related to organizational
outcomes [5-8]. However, perceiving these rhythms and pacers is cru-
cial for entrainment to happen [9-11], as well as the skills to manage
rhythmic strategic choices over time [5,7,10,11], or the ability to take
part in that process [12,13].

Sandra & Nandram [14] contend that applying the model of spiri-
tual leadership to oneself, the team and the organization can drive en-
trainment in organizations. Spiritual leadership theory originates in the
organizational sciences and describes a transformation process, based
on intrinsic motivation, combining vision, altruistic love, hope/faith, to
create an organization that is able to adapt to the continuously changing
environment [15]. Its outcome is an increase in one’s sense of spiritual
well-being, i.e., “they experience meaning in their lives, have a sense of
making a difference, and feel understood and appreciated” [16:836]. Vi-
sion refers to a picture of the future created from the organization’s mis-
sion or reason for existence, while hope/faith is the hidden driver for the
fulfilment of that vision [15,16]. Having faith is demonstrated through
action, anchored in values, attitudes and behaviors, such as trust, be-
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Fig. 1. Emergent resonant outcome of spiritual leadership [14].

lief, endurance, perseverance, and a willingness to maximize one’s po-
tential and personal best in one way or the other [15,17]. Altruistic
love is defined as “a sense of wholeness, harmony, and well-being pro-
duced through care, concern, and appreciation for both self and others”
[15:712]. Meanwhile, spiritual leadership has been extensively tested
and validated in a variety of settings, and support a significant positive
influence of spiritual leadership on employee life satisfaction (in terms
of joy, serenity and peace), organizational commitment and productiv-
ity, and sales growth [18-21]. Spirituality in this model concerns “those
qualities of the human spirit — such as love and compassion, patience,
tolerance, forgiveness, contentment, a sense of responsibility, a sense
of harmony — which bring happiness to both self and others” [22]. The
theory of spiritual leadership was revised arguing that an inner life or
spiritual practice (e.g., meditation, prayer, journaling, spending time in
nature) is a fundamental source for spiritual leadership which positively
influences the development of its variables [23]. Based on the theory of
entrainment, Sandra & Nandram [14] argue that spiritual leadership oc-
curs through a coherent interaction between the vision, altruistic love,
hope/faith, and its environment, while an effective inner life positively
influences this interaction process towards a higher degree of coherence.
As a result, spiritual well-being is considered as the resonant outcome
of such coherent interaction (Fig. 1).

Because the heart is considered as the strongest biological rhythm in
the human system pulling other systems into entrainment [24-26], San-
dra & Nandram [14] argue that coherence of the heart rate variability
(HRV) is an indicator of spiritual leadership. Individual HRV coherence
is related to personal spiritual leadership (PSL), while group HRV coher-
ence is related to the group’s spiritual leadership (GSL). HRV coherence
or, also called, ‘heart coherence’ (HC), describes the degree of order,
harmony and stability in the numerous physiological rhythmic activities
within living systems during a specific period [24]. “An harmonious or-
der signifies a coherent system that has an efficient or optimal function
directly related to the ease and flow in life processes” [25,55]. HRV is
the variation of the time intervals between two consecutive heartbeats
and reflects the regulation of several physiological systems in the human
body, such as cardiovascular, central nervous, endocrine, and respira-
tory system. An optimal level of HRV implies a healthy functioning and
an inherent self-regulatory capacity, adaptability, or resilience [25,26].

Furthermore, Sandra & Nandram [14] contend that personal spiritual
leadership is a prerequisite for spiritual leadership at the group level.
This implies that an individual in a coherent state can help others to
shift into a more coherent state as well. Studies of Morris [27], Childre
& Cryer [28], McCraty & Childre [29], amongst others, have shown that
such higher HRV coherence enhances people’s cognitive performance,
sensitivity, and mental clarity as well as increased emotional stability
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and well-being. It is seen as a source of wisdom that fosters mental and
emotional intelligence [30-33].

The theory and assumptions lead to the following hypotheses re-
searched in this study using an experimental, mixed methods research
design:

H1 At the individual level: Inner life moderates the coherent interaction
among the spiritual leadership variables (vision, hope/faith, altruis-
tic love), which mediates the level of spiritual well-being.

H2 At the group level: Spiritual well-being of each group member to-
gether moderates the coherent interaction among the spiritual lead-
ership variables (vision, hope/faith, altruistic love) of the group,
which mediates the level of spiritual well-being of the group.

H3 HRV coherence (HC) is an indicator of spiritual leadership, through
which spiritual well-being emerges.

2. Methods
2.1. Study design

When people come together — whether they know each other or not —
they entrain to one another and to the environment [4]. Sandra & Nan-
dram [14] argue that the level of spiritual leadership has an influence
on this entrainment process, and that HRV coherence (HC) might be
an indicator of spiritual leadership. Hence, this study required the fol-
lowing: the forming of a new team; working closely together during a
distinct period of time; where HRV capturing is possible and under best
circumstances (see 2.8 for more details); and where entrainment is fos-
tered and not obstructed. Although different activities or events might
also meet these requirements, a training in Craniosacral Therapy was
selected because it deliberately works with rhythms in the human body,
and because of the prior experience of the author with this therapy.

2.2. Recruitment strategy

Due to the complex nature of HRV, this study has a within-subjects
design, as recommended by Quintana & Heathers [34]. Participants
were not selected or recruited beforehand, but an opportunity to par-
ticipate in this study was given to all students at the beginning of the
craniosacral therapy training modules Talking to the Heart (24-27 May
2018) and Know Your Brain - level 3 (15-18 Nov 2018) of the accredited
Peirsman CranioSacraal Academie (Bussum, The Netherlands). The lat-
ter is an advanced course for graduates only. A brief explanation of the
study was given to all students, including procedure and wearing of a
heart sensor during the whole training.

2.3. Ethics

Ethical approval was waived by the Medical Ethics Committee of the
University of Antwerp and from the Dutch Central Committee on Hu-
man Research (CCMO; 14 May 2018). This study focuses on variables
in spiritual leadership theory, hence, outside the scope of the defini-
tion of a medical experiment as provided by the Belgian law and out-
side the scope of the Medical Scientific Research Act with people in The
Netherlands, also referred to as WMO or Wet Medisch-Wetenschappelijk
Onderzoek met mensen. All participants were given information about the
research, including the guarantee of confidentiality, the right to with-
draw from this research at any stage, and the right to see their data
being collected throughout the research process. Each participant pro-
vided written consent regarding the use of their information.

2.4. Craniosacral therapy

Craniosacral therapy (CST), a term coined by research professor John
Upledger in the 1980s at the Michigan State University. It originates
from cranial osteopathy and works with the craniosacral system, a co-
herent physiological system including the meningeal membranes within
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the skull and spine, the bones to which these membranes adhere and the
cerebrospinal fluid. The cerebrospinal fluid circulates and pulses contin-
uously through these membranes, about 10 cycles per minute, between
the skull (cranium) and the sacrum, and is also called the craniosacral
rhythm [35,36]. Craniosacral therapy is a complementary treatment ap-
proach where craniosacral therapists first palpate this rhythm for pace,
amplitude, symmetry, and quality to identify where restrictions may ex-
ist, and then they apply sensitive methods for releasing them [35,37].
Several studies [38-41] indicate that CST may improve pain and general
well-being. However, evidence in this field is still scarce. In this study, it
is assumed that craniosacral therapy fosters the process of entrainment,
hence, coherent interaction.

2.5. Apparatus and HRV data extraction

ElectroCardioGraphic (ECG) signals are continuously monitored by
the ePatch ECG monitor. According to Saadi et al. [42], this device is
specifically designed to limit wearing discomfort and impairment of nor-
mal daily life activities, and is approved by both the European CE and
US Food & Drug Administration (FDA). Furthermore, it consists of a
single-use adhesive ePatch electrode placed on the chest of the partici-
pant and a reusable ePatch sensor. Unlike regular telemetry equipment,
this system design is less intrusive, and as a result, can be deployed in
large-scale screening programs to monitor new populations of people
wearing such a system [42].

Data recording starts automatically after mounting the system and
is stored in a proprietary ePatch File System format. After removal from
the chest, the raw sensor data was retrieved. The raw data was extracted
by IMEC, a Belgian non-profit R&D organization specialized in nanoelec-
tronics and digital technologies. A quality assessment of the ECG signal
was performed using the quality indicators from Orphanidou et al. [43].
The HRYV variables were calculated within a 10 min window with no
overlap.

2.6. Measures

Besides socio-demographic variables — including age, sex, years of
craniosacral practice, and years of inner life practice(s) — the following
measures were selected based on Sandra & Nandram [14]:

2.6.1. Personal spiritual leadership and spiritual well-being

The level of personal spiritual leadership and well-being were as-
sessed using the Personal Spiritual Leadership Survey (Rev 4/2018),
rated on a scale from one (“strongly disagree”) to five (“strongly agree”).
Included questions are “I have the courage to stand up for what I believe
in.”; “I have a personal vision that is clear and compelling to me.”; “I
always do my best because I have faith in myself.”

2.6.2. Group spiritual leadership and spiritual well-being

To assess the level of spiritual leadership and well-being in the group,
participants were asked to fill in the revised Spiritual Leadership Survey
(Rev 1/2018), also rated on a scale from one (“strongly disagree”) to five
(“strongly agree”). Example questions are “My class’s purpose inspires
my best performance.”; “I set challenging goals for my work because I
have faith in my classmates and want us to succeed.”; “The members in
my class are honest and without false pride.”

2.6.3. Inner life

The Mindful Attention Awareness Scale (MAAS) [44] was used at
the start of the study to measure levels of dispositional mindfulness.
It is a single factor scale which uses 15 items rated from one (“almost
always”) to six (“almost never”). Higher mean scores indicate greater
dispositional mindfulness. Included questions are “I find myself doing
things without paying attention.”, “I rush through activities without be-
ing really attentive to them.” Studies provided evidence that “MAAS not
only predicts well-being outcomes but also has value in the study of the
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temporal and situational dynamics of self-regulated behavior and well-
being.” [41:843] The findings of MacKillop & Anderson [45] largely
support the validity of the MAAS and its measure is not related to gen-
der. Hence, in this study, the MAAS score is considered as an adequate
indicator for the level of inner life.

2.6.4. Heart rate variability

Although HRV was recorded continuously, only the measurements
during a treatment session are taken into account to control for respira-
tion and physical movement [34]. From those measurements, the heart
coherence is calculated and taken into account.

2.6.5. Heart coherence

Heart coherence is assessed “by identifying the maximum peak in the
0.04-0.26 Hz range of the HRV power spectrum, calculating the integral
in a window 0.030 Hz wide, centered on the highest peak in that region,
and then calculating the total power of the entire spectrum. The coher-
ence ratio is formulated as: (Peak Power/[Total Power - Peak Power])”
[25:55]. An approximate measurement for Heart Coherence, HC2, is the
ratio LF/(VLF + HF) [24,29]. Kim et al. [46] found a positive correla-
tion between a similar proxy of MF / LF + HF and the accumulated
coherence score (i.e., a score representing the length of a coherent state
attained by a subject). In their study, the frequency bands were defined
differently (LF: 0.01-0.08 Hz; MF: 0.08-0.15 HZ; HF: 0.15-0.5 Hz).

2.7. Data collection

After signing up for this study and before the start of the training,
participants were asked to fill in the first self-reported questionnaire
(i.e., personal spiritual leadership and inner life) and to wear the heart
sensor during the whole duration of the training. A qualified person
mounted the sensor on each participant. No further instructions were
given, nor were any needed. Training could proceed as normal. Imme-
diately after the end of the training and before leaving, participants were
asked to fill in the second self-reported questionnaire about team spiri-
tual leadership and to remove the heart sensor.

A craniosacral therapy training module typically consists of a com-
bination of theory and practice, where students give and receive a treat-
ment session. Students are encouraged to work with different students.
This multi-therapist approach is beneficial for a higher generalizability
of the therapeutic (entrainment) effect, and not to assess the therapist
effect. This implies that data is collected from participants in the role
of client and of practitioner. The whole training was voice recorded for
analysis purposes only (see Section 2.8 for more detail).

2.8. HRYV analysis

Quintana & Heathers [34:2] presented recommendations for HRV
assessment highlighting the influence of respiration and external factors
on HRV, such as time of day, physical activity, caffeine, levels of alcohol
and age. For respiration, they note that “Denver et al. [47] have argued
against the need to control for respiration for resting state recordings,
given the important influence of breathing on HRV.”

To limit the influence of those factors, only a subset of the data was
used to assess HRV, based on the following controls:

- Data is filtered on signal quality (>=0.8) and physical movement
(<=0.40), recommended by IMEC, based on experience with other
studies (not published).

- Only data during treatment sessions were taken into account to con-
trol for respiration and physical movement. This implies that for each
day, those sessions were identified using the voice recordings.

RStudio (Version 1.1.463) was used to apply these filters to the data
and to calculate means with standard deviation. Statistical tests were
run using JMP Pro 14.0.0.
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2.9. Qualitative comparative analysis approach

Qualitative comparative analysis (QCA) techniques allow a system-
atic comparison of cases, with the use of formal tools and theoretical
foundations or conception of cases [48,49,]. It is built on the explo-
ration of set-theoretical relationships between causally relevant condi-
tions and its outcome [50]. There are several reasons why this approach
is suitable to analyze the research question in this study. First, each case
is seen as a complex combination of properties [51]. The small num-
ber of cases would render insufficiently reliable results using regression
analysis. QCA, on the other hand, was developed primarily for small-to-
medium N approach. “It can be said that QCA techniques strive to meet
advantages of both the ‘qualitative’ (case-oriented) and ‘quantitative’
(variable-oriented) techniques.” [51:6]. Next, QCA makes it possible to
have a rich discourse with theory [48,49]. Furthermore, the use of a
formal Boolean language facilitates this discourse and can be applied at
several levels of analysis at the same time [34]. Finally, QCA does not
ask to specify a particular causal model but leaves room for complexity
to determine causal models that exist among the cases being compared
[52].

The hypotheses put forward in this study can be translated in Boolean
terms where two necessary conditions are jointly sufficient (i.e., IL: In-
ner Life, and CI: Coherent Interaction) to foster coherent interaction —
through the process of entrainment — among the spiritual leadership
variables out of which spiritual well-being (SWB: Spiritual Well-Being)
emerges. Heart Coherence (HC) is considered as an indicator for this
level of SWB.

At the individual level:

IL x CI - SWB,,; ~ HC;y

At the group level:

" (IL x CI;
y - SWB,,, ~ HC,,

For this study, the fuzzy set QCA (fsQCA) approach is used to explore
the conditions (IL and CI) for the emergence of spiritual well-being. This
implies that data are calibrated in fuzzy set membership scores between
0 and 1 according to the degree of presence of the condition in a spe-
cific case. This study opted for a continuous fuzzy set scale, as shown in
Table 1, where interval-scale variables are converted into fuzzy set val-
ues, using packages QCA v3.4 and SetMethods v2.4 [53] within RStudio
v1.1.463. Unlike standard interval measures, fuzzy sets assign a qual-
ity to the variation. Membership has to be “purposefully calibrated”
[49:30].

In this study, it is suggested that the MAAS score is an indicator
for Inner Life. Brown & Ryan [44] examined the MAAS scores among
students of Zen meditation because one way of cultivating mindfulness
is engaging in meditation. They found a significant difference between
the Zen practitioner group (M = 4.29, SD = 0.66) and the comparison
group (M = 3.97, SD = 0.64). Moreover, the scores within the Zen group
correlates positively with the number of years of practice. To calibrate
the MAAS score into fuzzy sets, values are assigned according to the
score, as shown in Table 2.

As discussed earlier, Sandra & Nandram [14] contend that spiritual
leadership occurs through a coherent interaction between the vision, al-
truistic love, hope/faith, and its environment (i.e., the variance among
these variables is minimal). Since this study was conducted in the same

Table 1
Continuous fuzzy set scale.
1 Fully in
More “in” than “out”
0.50 Cross-over: neither in nor out
More “out” than “in”
0 Fully out
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Table 2
Fuzzy set construction.

Variable Code Set construction break-points
Inner Life IL Fully in: 4.29
Cross-over: 3.97
Fully out: 1.0
Coherent Cl Fully in: 0.80
Interaction Cross-over: 0.60
Fully out: 0.0
Spiritual SWB Fully in: 4.0
Well-Being Cross-over: 3.0
Fully out: 1.0

place, it assumes the same interaction of the environment with the two
groups. Then, the coherent interaction can be expressed using the stan-
dard deviation of the spiritual leadership scores for each variable. To
make the measure a coefficient, it is divided by the maximum score
(=5) of the survey scale. The coherent interaction (CI) is calculated as
follows:

Coherent Interaction =CI =1 — 2

Spiritual well-being is the outcome of spiritual leadership. Scores be-
low 3 indicate the need for improvement, while scores above 4 indicate
areas that are satisfactory (based on PSL Rev 4/2018).

The final step in this approach is to calibrate the findings in fuzzy
sets by applying Table 2 to the data. Two additional measures are partic-
ularly important for fuzzy set relationships: consistency and coverage.
Consistency percentage evaluates the degree of support among the cases
of a subset. Consistency is to set relationships, as p-value is to statistical
inference. The higher the consistency, the stronger the set-theoretical
relationship. Rule of thumb is to look for relationships with consisten-
cies greater than 90% [48]. The coverage percentage, on the other hand,
evaluates the proportion of the membership scores in an outcome that
a particular configuration explains.

3. Results

The measures of spiritual leadership are examined first using fsQCA
to explore the conditions for entrainment, through which spiritual well-
being emerges, both at the individual and group level. Then, using
HRYV analysis, the conditions are explored under which heart coherence
emerges, as an indicator for spiritual well-being.

3.1. Participants

In total, 11 students (all female) volunteered to take part in this
study, age range 50-66 (M = 55.4, SD = 4.6) years.: six participants
were in the first group (out of eleven), and five participants were in the
second group (out of fifteen). Participation rate was 55% and 33% re-
spectively. There were no inclusion or exclusion criteria, nor were there
any benefits of participating in this study. Each student was given the
chance to participate. Table 3 gives a detailed overview.

Table 3
Study participation.
1 I Total

Participants (all female) 6 5 11
Age (y) 51-56 50-66 50-66
Average age (y) 53.1 58.3 55.4
SD (y) 1.5 5.4 4.6
Cranio practice (y) 1.5 11.0 5.8
Meditation practice (y) 17.1 5.1 123
Yoga practice (y) 26.4 5.7 18.6

I: Module Talking to the Heart.
1I: Module Know Your Brain - level 3.
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Table 4
Results spiritual leadership measures.
Group 1 Group 2 Grpl Grp2
1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 2.3 2.4 2.5
SL 3,00 3,67 3,33 3,67 3,11 4,00 5,00 4,556 4,44 4,67 411 3,73 4,40
sdev 0,87 0,87 0,71 0,50 0,33 0,50 0,00 0,53 0,53 0,50 0,33 0,62 0,66
IL 4,27 5,40 4,27 4,87 4,53 4,93 4,47 4,60 4,80 4,00 4,60 4,71 4,49
cl 0,65 0,65 0,72 0,80 0,87 0,80 1,00 0,79 0,79 0,80 0,87 0,75 0,74
SWB 3,67 4,67 3,67 3,83 3,50 4,33 5,00 4,50 3,83 4,50 4,17 4,23 4,63
SL: spiritual leadership; sdev: standard deviation; IL: inner life (MAAS); CI: coherent interaction; SWB: spiritual well-being.
Table 5 per participant on average). Table 6 gives an overview of the frequency
Fuzzy set spiritual leadership measures. domain means (pre- and post- per group; during the first and last treat-
Case preHC 1L fs Clfs ILxCI SWB.fs ment session, i.e., ECGs recordings of more than 10 minutes). Frequency
. 017 099 Py 099 o0 domain metrics are used to calculate heart coherence (HC and HC2).
12 0.37 1.00 0,68 0,68 0.99 . Table 7. shows the. heart coherence for each pa.rtlclpant dur.mg the
22 0.19 1,00 0,94 0,94 0,99 first 10 min of the first recorded treatment session, and during the
24 0,11 0,57 0,95 0,57 0,99 last 10 min of the last recorded treatment session. A repeated measure
1.6 0,42 1,00 0,95 0,95 0,98 ANOVA on the pre- and post-means did not produce any significant dif-
25 025 1,00 098 098 097 ference for each group (Group 1: F test value: 0,2026; Prob>F: 0,36;
14 0,05 1,00 0,95 0,95 0,92 G 9: F value: 0.00: Prob>F: 0.9
2.3 0,10 1,00 0,94 0,94 0,92 roup 2 I value: ©,00; Frob>1: 0, 7). o )
1.1 0,68 0,94 0,68 0,68 0,88 Fig. 2 shows the heart coherence variation during the longest record-
13 0,23 0,94 0,85 0,85 0,88 ing of a treatment session (i.e., day 3 from 14:30 until 15:30 UTC - group
1.5 013 0,99 0,98 0,98 0,81 2). It shows the seven consecutive data points per participant.
Grpl 0,31 1,00 0,90 0,90 0,97
Grp2 0,16 0,99 0,89 0,89 0,99 : .
Consistency 97% 937 90% 4. Discussion
Coverage 95% 98% 98%

preHC: HeartCoherence (before start study; see 5.3.2 for more details).
IL: inner life; CI: coherent interaction; SWB: spiritual well-being.

3.2. Spiritual leadership

Table 4 gives an overview of the findings for each participant and
group. As a reminder, Spiritual Leadership (SL) is the average of the
scores vision, hope/faith and altruistic love, for which the standard de-
viation (sdev) and coherent interaction (CI) are calculated. Inner life
(IL) is the MAAS score of each participant, and the average of the par-
ticipants in the group. Spiritual Well-Being (SWB) is the average of the
scores calling and membership from the SL survey.

At the group level, the second group exhibits higher Spiritual Lead-
ership scores than the first group (3,73 vs. 4,40; +18%) with similar Co-
herent Interaction (0,75 vs. 0,74). Inner Life scores are slightly higher
(+5%) for the first group (4,71 vs. 4,49). The outcome, Spiritual Well-
Being, is about 9% higher for the second group (4,23 vs. 4,64).

At the personal level, on average the participants in the second group
had higher Spiritual Leadership scores (3,46 vs. 4,56; +31%), higher
Coherent Interaction scores (0,85 vs. 075; +14%), and higher Spiritual
Well-Being scores (4,40 vs. 3,95; +11%). Individual Inner Life levels
were about 5% higher for the participants in the first group.

As shown in Table 5, the consistency of the set-relationship IL x CI
is 90%, while coverage is 98%, across all cases (individual and group).
The necessary conditions IL and CI also had consistency scores higher
than 90% indicating that these are necessary for the outcome. In other
words, there are cases where the relationship does not apply (i.e., cases
1.4 and 1.5; 2.3 and 2.5).

3.3. Heart coherence

In total, about 4 500 data points were collected in 10-minutes win-
dows of ECGs recordings. For the first group, 440 data points were col-
lected on average per participant, while 384 data points for the second
group. However, only 200 the data points were suitable for the first
group (34 per participant on average) and 230 for the second group (47

Participants and groups may differ in (1) inner life; (2) coherent
interaction; and (3) spiritual well-being. First, the high Inner Life (IL)
scores among all participants (Table 4) outperform Zen meditation prac-
titioners by 7,5%. This might be explained by the many years practice
of meditation, yoga and craniosacral therapy (see Table 3). For exam-
ple, the first group has on average 17 years of meditation practice and
26 years of yoga, with limited cranio practice (1.5 years). The second
group, on the other hand, has more years of cranio practice (11 years)
but less years of meditation and yoga practice (5 years), which might
explain the slightly lower IL score (-5%).

Second, the variance among the spiritual leadership variables (i.e.,
vision, altruistic love, hope/faith) determines the coherent interaction.
Group scores (Table 4) do not differ much, resp. 0,75 and 0,74. Individ-
ual scores, on the other hand, do differ per group by 13%, resp. 0,75
and 0,85. The difference in years of cranio practice (11 vs. 1,5 years)
might have contributed to this.

Next, spiritual well-being is the outcome of spiritual leadership. On
the individual level and group level, the first group exhibits lower scores,
resp. 3,94 vs. 4,40 (-11%), and 4,3 vs. 4,63 (-9%). The individual scores
are consistent with the lower levels of coherent interaction. The famil-
iarity with the school, its student and/or alumni, and the years of cranio
practice might explain a higher score of spiritual well-being for the sec-
ond group. Harrison et al. [58] noted a positive influence of familiarity
on the entrainment process. Using the fsQCA approach, the results in
Table 5 support the hypotheses (H1 and H2) that inner life and coherent
interaction can be usefully deployed in a consistent way to understand
the emergence of spiritual well-being through coherent interaction, both
at the personal and group level. In Boolean terms, IL x CI - SWB, with
a 90% consistency. It shows that a high level of spiritual well-being
emerges with inner life levels >= 4.29 and with coherent interaction
levels >= 0.8, across the individual and group level.

There is no significant change in heart coherence among participants
(Table 7), hence, the hypothesis that heart coherence is an indicator of
spiritual leadership cannot be assessed. Several reasons might explain
this lack of significance. First, calculating the heart coherence mean
during a longer period averages out higher scores. Metrics in this study
were calculated using a window of 10 min, as used by other studies
[54,55,]. A window of one minute or shorter might show more accurate
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Table 6
Pre and Post means per group (frequency domain).
Group 1 Group 2
Pre Post Pre Post
Mean SD Mean SD Mean SD Mean SD
HR (BPM) 69,1 9,7 76,2 9,8 73,8 131 65,5 16,2
LF (ms?) 860 823 752 555 383 345 463 350
HF (ms?) 419 499 421 536 327 462 482 443
LF/HF 4,55 5,40 3,44 2,77 1,75 1,15 1,11 0,48
HC 0,24 0,15 0,22 0,11 0,13 0,05 0,09 0,05
HC2 0,62 0,56 0,80 0,42 0,33 0,23 0,24 0,11
Accelerometer 0,01 0,01 0,02 0,01
Signal quality 0,96 0,97 0,95 0,92
0,60
0,50
0,40
0,30
0,20
0,10
0,00
mebm 2] eetene]) kD3 a2 —e— 25
Fig. 2. Heart coherence variation during 60’ CST session (group).
Table 7

Heart Coherence: Pre and Post results.

HC HC2

Group 1 Pre Post Pre Post

1.1 0,68 0,21 1,67 025
1.2 037 014 1,17 047
13 023 0,18 012 0,65
14 005 036 010 1,50
1.5 013 0,10 026 0,53
1.6 042 025 096 0,75
Mean 0,31 021 072 0,69
Sdev 023 009 065 043
Group 2 Pre Post Pre Post
2.1 0,17 023 026 0,21
2.2 0,19 0,13 030 042
2.3 010 024 023 0,36
2.4 0,11 0,11 084 045
2.5 025 0,12 081 040
Mean 016 017 049 037
Sdev 006 006 031 0,09

results. Instead of averaging the metrics, one could also count the num-
ber of times a participant has entered into a coherent state level [56].
Another reason for this insignificance may be found in the role of the
participant (i.e., therapist or client), which has not been investigated in
relation to heart coherence. Although no generalization can be made on
the recordings shown in Fig. 2, it is clear that heart coherence can vary
in different ways per person, probably also as a function of the partici-
pant’s role (i.e., therapist or client). This was not taken into account in
the current study design.

For a better understanding of this variation in heart coherence be-
tween therapist and client, an additional experiment was done with a

client (with no previous experience with craniosacral therapy). Fig. 3
shows such variation during a CST session (per 5 min window of ECGs
recordings). Typically, a craniosacral therapist tune into the craniosacral
rhythm for its quality [35,37], which might explain the fluctuations in
heart coherence during the session, as shown in the figure. Moreover,
every therapist has his own way of tuning in, and every session is focus-
ing on different parts of the body. All these elements might explain the
high variation and lack of significant change in heart coherence during
the whole training. Nevertheless, this study illustrates that heart coher-
ence does play a role in the process of entrainment (i.e., tuning into
craniosacral rhythm), but further research is needed to understand its
role.

5. Limitations

The lack of experience with using heart sensors during a long record-
ing period has limited this study in a number of ways. First, the results
show that for certain participants the signal quality deteriorated the
longer the sensor was worn. Future studies could pay more attention to
the state of the skin before mounting the sensor to increase signal quality
and adhesiveness of the patch (e.g., no skin lotion). Next, if data collec-
tion is not needed during the night, then it is highly recommended to use
a new patch each day. Mounting of the sensor is easy and participants
could do this for themselves in the following days. This approach will
most likely increase participation rate as well (next to signal quality) if
data collection is limited to working hours only. Although wearing the
heart sensor is not uncomfortable, it does limit them in specific daily
activities and hygiene routines.

Spiritual leadership theory has been extensively tested and validated
in a variety of settings [18,19,57]. This study, however, uses the MAAS
score (Mindful Attention Awareness Scale) [44] as an indicator for inner
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Fig. 3. Heart coherence variation during CST session (therapist-client).

life because it is more extensive and its role in psychological well-being
has been validated separately. As such, it combines two questionnaires
that have not been validated together. Future research could validate
this further. In addition, other questionnaires or theories could be con-
sidered to assess (the effectiveness of) inner life practice in future stud-
ies.

The limited number of cases in this study restricts the conclusion and
generalization of its findings. Fuzzy set qualitative comparative analysis
techniques were used based on two necessary conditions with spiritual
well-being as outcome. With higher number of cases, the generalization
could be increased, but this novel analysis approach to spiritual lead-
ership could also be extended with additional conditions to take into
account other types of entrainment. For example, a condition related to
the place (physical or geographical location), or a condition related to
familiarity, which influences interpersonal entrainment. Harrison et al.
[58] demonstrate that a priori familiar teams have a positive impact on
such entrainment.

This study is also subjected to the author’s bias towards the use of
craniosacral therapy and its effect on the entrainment process. As a con-
sequence, this implies a risk of unwitting selectivity and interpretation
of evidence in a such a way that it fits the researcher’s existing beliefs,
expectations, or hypotheses [59]. Although this kind of bias can never
be mitigated completely, the following elements attempted to limit its
impact. First, the heart sensors captured the data from the participants
autonomously without any possible manipulation of the researcher. Sec-
ond, data from these sensors was processed independently from the re-
searcher, including the heart coherence for each participant. Finally, the
QCA approach does not ask to one particular causal model but leaves
room for complexity to determine causal models that exist among the
cases being compared [48].

6. Conclusion

Spiritual leadership theory describes a transformation process for in-
creased adaptability to the ever changing environment. The outcome is
an increase in one’s sense of spiritual well-being achieved through a co-
herent interaction between vision, altruistic love, and hope/faith, fueled
by an inner life. The limited findings in this study support the hypothesis
that inner life and coherent interaction among the spiritual leadership
variables can be usefully deployed to evaluate the emergence of spiritual
well-being, both at the individual and group level. In Boolean terms, IL
x CI - SWB (90% consistency). It shows that a high level of spiritual
well-being emerges with inner life levels >= 4.29 and with coherent
interaction levels >= 0.8.

Furthermore, the study revealed that measuring synchronized heart
data during several days among participants is possible, but did not

show a significant change in heart coherence. As such, the study could
not provide evidence that heart coherence could be considered as an in-
dicator of spiritual leadership. However, results indicate a measurable
variation and synchronization of heart coherence among participants
during a craniosacral therapy session. A similar approach could be used
in different healthcare settings.

This study contributes to the literature of spiritual leadership in sev-
eral ways. First, it applies a fuzzy set QCA approach to spiritual lead-
ership theory. A similar approach could be applied to existing data (of
other spiritual leadership theory studies) to explore these and alterna-
tive conditions for the emergence of spiritual well-being and other out-
comes, such as organizational performance. It also stimulates a different
discourse by looking through this methodological lens. Next, it provides
a definition of coherent interaction — not examined before in spiritual
leadership — and an initial target level that can be challenged in future
research.

In addition, for studies in craniosacral therapy, this study shows that
heart coherence is influenced in many different ways at the same time
during a treatment session. Foremost, it suggests that heart coherence
does play a role in the entrainment process and most likely it depends
on the role the person fulfills (i.e., therapist or client). Future research
could take into account the role of each participant in a similar study.
Other research could verify whether people with higher levels of heart
coherence are able to tune into rhythms easier or not. Alternatively,
research could capture the necessary data during a different activity or
training, e.g., residential team building.

This experimental research design can be refined in several ways.
One way is to recruit earlier in the process which gives the researcher
the possibility to work with a multiple base line for one or more mea-
sures, such as personal spiritual leadership and inner life. Collecting
data of specific measures at the end of each training day might give in-
sights into the evolution of that measure. Assigning the role of client or
practitioner to each participant beforehand is another way to refine this
design. Finally, the QCA approach enables the researcher to easily add
other measures to be evaluated as additional conditions.

Authors contribution

All research done by author.

Financial support

No funding or any specific grant was obtained for this study.



D. Sandra
Declaration of Competing Interest

The study was conducted in collaboration with the Peirsman Cranio
Sacraal Academie (PSCA) in The Netherlands and with IMEC, a Belgian
non-profit R&D organization specialized in nanoelectronics and digital
technologies, who provided the heart sensors and support in process-
ing the data from the sensors. These partners had no control over the
conduct of the study.

The author declares that there is no competing interest the publica-
tion of this manuscript. This research was part of the author’s doctoral
program at the University of Antwerp, Belgium.

Acknowledgments

The study was part of a PhD program at the University of Antwerp,
under the supervision of the professors Koen Vandenbempt, Jesse Segers
and Sharda S. Nandram. It was made possible by Etienne Peirsman who
presented the opportunity to conduct this research during his classes at
the Peirsman Cranio Sacraal Academie (PSCA). Finally, the participants
shaped this study with their commitment, enthusiasm, and by wearing
the heart sensor non-stop during the training. A sincere thank you to all.

A special thank you to Jan Cornelis, from IMEC, who provided tech-
nical support in processing the data from the heart sensors.

Data availability

All data necessary to produce the results in this article can be ob-
tained from the author on request.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.eujim.2021.101329.

References

[1] A.C.Bluedorn, The Human Organization of Time: temporal Realities and Experience,
Stanford Business Books, Stanford, CA, 2002.

[2] N. Minorsky, Nonlinear Oscillations, Van Nostrand, Princeton, NJ, 1962.

[3] A.R. Willms, P.M. Kitanov, W.F. Langford, R. Soc. Open Sci. 4 (9) (2017) 170777,
doi:10.1098/1505.170777.

[4] D. Ancona, C.-L. Chong, Entrainment: Pace, cycle and rhythm in organizational be-
havior, in: B.M. Staw, L.L. Cummings (Eds.), Research in Organizational Behavior
18, Jai Press, Greenwich, CT, 1996, pp. 251-284.

[5] L. Pérez-Nordtvedt, S. Khavul, D.A. Harrison, J.E. McGee, Adaptation to temporal
shocks: influences of strategic interpretation and spatial distance, J. Manage. Stud.
51 (6) (2014) 869-897, d0i:10.1111/joms.12050.

[6] S. Khavul, L. Pérez-Nordtvedt, E. Wood, Organizational entrainment and interna-
tional new ventures from emerging markets, J. Bus. Ventur. 25 (1) (2010) 104-119,
doi:10.1016/j.jbusvent.2009.01.008.

[7] W. Shi, J.E. Prescott, Rhythm and entrainment of acquisition and alliance initiatives
and firm performance: a temporal perspective, Org. Stud. 33 (10) (2012) 1281-1310,
doi:10.1177/0170840612453530.

[8] C. Dibrell, S. Fairclough, P.S. Davis, The impact of external and internal entrain-
ment on firm innovativeness: a test of moderation, J. Bus. Res. 68 (1) (2015) 19-26,
doi:10.1016/j.jbusres.2014.05.012.

[9] L. Riolli-Saltzman, F. Luthans, After the bubble burst: how small high-tech firms can
keep in front of the wave, Acad. Manage. Exec. 1993-2005 15 (3) (2001) 114-124,
doi:10.5465/ame.2001.5229655.

[10] L. Bonneau, Inter-Organisational time: the example of quebec biotechnology, Int. J.
Innov. Manage. 11 (1) (2007) 139-164, doi:10.1142/51363919607001655.

[11] Q.N. Huy, Time, temporal capability, and planned change, Acad. Manage. Rev. 26
(4) (2001) 601-623, doi:10.5465/amr.2001.5393897.

[12] J.E. Lervik, M.F. Kathryn, M. Easterby-Smith, Temporal dynamics of situ-
ated learning in organizations, Manage. Learn. 41 (3, SI) (2010) 285-301,
doi:10.1177/1350507609357004.

[13] E. De Nito, P. Canonico, G. Mangia, J. Soderlund, Special issue on organizational
mechanisms for effective knowledge creation in projects: guest editorial, Int. J.
Manag. Proj. Bus. 6 (2) (2013) 223-235, doi:10.1108/17538371311319106.

[14] D. Sandra, S.S. Nandram, Driving organizational entrainment through
spiritual leadership, J. Manage. Spirit. Relig. 17 (4) (2020) 316-332,
doi:10.1080/14766086.2019.1585280.

[15]

[16]

[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]
[30]

[31]

[32]

[33]

[34]

[35]
[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

European Journal of Integrative Medicine 44 (2021) 101329

L.W. Fry, Toward a theory of spiritual leadership, Leadersh. Q. 14 (6) (2003) 693—
728, doi:10.1016/j.leaqua.2003.09.001.

L.W. Fry, Toward a theory of ethical and spiritual well-being, and corporate so-
cial responsibility through spiritual leadership, in: R.A. Giacalone, C. Dunn, C.L. Ju-
rkiewicz (Eds.), Positive Psychology in Business Ethics and Corporate Responsibility,
Information Age Publishing, Greenwich, CT, 2003, pp. 47-84.

J.F. MacArthur, In the Footsteps of Faith, Crossway Books, Wheaton, IL, 1998.

P. Malone, L.W. Fry, Transforming schools through spiritual leadership: A field ex-
periment, Paper presented at the Academy of Management, 2003.

L.W. Fry, S. Vitucci, M. Cedillo, Spiritual leadership and army transformation: The-
ory, measurement, and establishing a baseline, Leadersh. Q. Spec. Issue Spirit. Lead-
ersh. 16 (2005) 807-833, doi:10.1016/j.leaqua.2005.07.012.

L.W. Fry, L.L. Matherly, Spiritual leadership and organizational performance, Paper
presented at the Academy of Management, 2006.

L.W. Fry, M. Nisiewicz, S. Vitucci, Transforming police organizations through spir-
itual leadership: measurement and establishing a baseline, Paper presented at the
National Meeting of the Academy of Management, 2007.

XIV Dalai Lama, Ethics for the New Millennium, The Putnam Publishing Group, New
York, NY, 1999.

L.W. Fry, Spiritual leadership: state-of -the-art and future directions for theory, re-
search, and practice, in: J. Biberman, L. Tishman (Eds.), Spirituality in Business:
Theory, Practice, and Future Directions, Palgrave, NY, 2008, pp. 106-124.

W.R. Tiller, R. McCraty, M. Atkinson, Cardiac coherence: a new, noninvasive mea-
sure of autonomic nervous system order, Altern. Ther. Health. Med. 2 (1) (1996)
52-65 PMID: 8795873.

R. McCraty, F. Shaffer, Heart rate variability: new perspectives on physiological
mechanisms, assessment of self-regulatory capacity, and health risk, Glob. Adv.
Health Med. 4 (1) (2015) 46-61, doi:10.7453/gahmj.2014.073.

F. Shaffer, J.P. Ginsberg, An overview of heart rate variability metrics and norms,
Front. Public Health 5 (2017) 1-17, doi:10.3389/fpubh.2017.00258.

S.M. Morris, Achieving collective coherence: group effects on heart rate variabil-
ity coherence and heart rhythm synchronization, Altern. Ther. Health. Med. 16 (4)
(2010) 62-72.

D. Childre, B. Cryer, From Chaos to Coherence: The Power to Change Performance,
Planetary, Boulder Creek, CA, 2000.

R. McCraty, D. Childre, Coherence: bridging personal, social and global health, Al-
tern. Ther. 16 (4) (2010) 10-24.

D. Childre, H. Martin, The Heartmath Solution, Harper Collins, San Francisco, CA,
1999.

R.C. Frysinger, R.M. Harper, Cardiac and respiratory correlations with unit
discharge in epileptic human temporal lobe, Epilepsia 31 (1990) 162-171,
d0i:10.1111/j.1528-1167.1990.tb06301.x.

J.I. Lacey, B.C. Lacey, Some autonomic-central nervous system interrelationships,
in: P. Black (Ed.), Physiological Correlates of Emotion, Academic Press, New York,
1970, pp. 205-227.

R.W. McCraty, W.A. Tiller, M. Atkinson, Head-heart entrainment: a preliminary sur-
vey, in: Proceedings of the Brain-Mind Applied Neurophysiology EEG Neurofeedback
Meeting, Key West, FL, 1996.

D.S. Quintana, J.A.J. Heathers, Considerations in the assessment of heart rate vari-
ability in biobehavioral research, Front. Psychol. 5 (2014) 1-10, doi:10.3389/fp-
syg.2014.00805.

J.E. Upledger, J.D. Vredevoogd, CranioSacral Therapy, Eastland Press, Seattle, WA,
1983.

J.E. Upledger, CranioSacral Therapy - Part 1: its origins and development, Subtle
Energies 6 (1) (1995) 1-53.

J.E. Upledger, Somato Emotional Release: Deciphering the Language of Life, North
Atlantic Books, Berkeley, CA, 2002.

A. Jikel, P. von Hauenschild, A systematic review to evaluate the clinical
benefits of craniosacral therapy, Complement. Ther. Med. 20 (2012) 456-465,
doi:10.1016/j.ctim.2012.07.009.

N. Brough, A. Lindenmeyer, J. Thistlethwaite, G. Lewith, S. Stewart-Brown,
Perspectives on the effects and mechanisms of craniosacral therapy: a qual-
itative study of users’ views, Eur. J. Integr. Med. 7 (2) (2015) 172-183,
doi:10.1016/j.eujim.2014.10.003.

H. Haller, R. Lauche, T. Sundberg, G. Dobos, H. Cramer, Craniosacral therapy for
chronic pain: a systematic review and meta-analysis of randomized controlled trials,
BMC Musculoskelet. Disord. 21 (1) (2020), doi:10.1186/s12891-019-3017-y.

H. Haller, G. Dobos, H. Cramer, The use and benefits of craniosacral therapy in
primary health care: a prospective cohort study, Complement. Ther. Med. 58 (2021)
102702, doi:10.1016/j.ctim.2021.102702.

D.B. Saadi, H.B.D. Sgrensen, I.H. Hansen, K. Egstrup, P. Jennum, K. Hoppe, ePatch®
- A Clinical Overview, DTU Orbit, Denmark. https://orbit.dtu.dk/ , 2014 (accessed
11 November 2020).

C. Orphanidou, T. Bonnici, P. Charlton, D. Clifton, D. Vallance, L. Tarassenko, Signal-
quality indices for the electrocardiogram and photoplethysmogram: derivation and
applications to wireless monitoring, IEEE J. Biomed. Health Inform. 19 (3) (2014)
832-838, doi:10.1109/JBHI1.2014.2338351.

K.W. Brown, R.M. Ryan, The benefits of being present: mindfulness and its
role in psychological well-being, J. Pers. Soc. Psychol. 84 (4) (2003) 822-848,
doi:10.1037/0022-3514.84.4.822.

J. MacKillop, E.J. Anderson, Further psychometric validation of the Mindful Atten-
tion Awareness Scale (MAAS), J. Psychopathol. Behav. Assess. 29 (4) (2007) 289-
293, doi:10.1007/5s10862-007-9045-1.

D-K. Kim, J-H. Rhee, S.Wan Kang, Reorganization of the brain and heart
rhythm during autogenic meditation, Front. Integr. Neurosci. 7 (2014) 1-9,
doi:10.3389/fnint.2013.00109.


https://doi.org/10.1016/j.eujim.2021.101329
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0001
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0001
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0002
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0002
https://doi.org/10.1098/rsos.170777
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0004
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0004
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0004
https://doi.org/10.1111/joms.12050
https://doi.org/10.1016/j.jbusvent.2009.01.008
https://doi.org/10.1177/0170840612453530
https://doi.org/10.1016/j.jbusres.2014.05.012
https://doi.org/10.5465/ame.2001.5229655
https://doi.org/10.1142/S1363919607001655
https://doi.org/10.5465/amr.2001.5393897
https://doi.org/10.1177/1350507609357004
https://doi.org/10.1108/17538371311319106
https://doi.org/10.1080/14766086.2019.1585280
https://doi.org/10.1016/j.leaqua.2003.09.001
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0016
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0016
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0017
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0017
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0018
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0018
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0018
https://doi.org/10.1016/j.leaqua.2005.07.012
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0020
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0020
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0020
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0021
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0021
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0021
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0021
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0022
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0022
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0023
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0023
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0024
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0024
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0024
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0024
https://doi.org/10.7453/gahmj.2014.073
https://doi.org/10.3389/fpubh.2017.00258
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0027
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0027
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0028
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0028
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0028
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0029
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0029
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0029
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0030
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0030
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0030
https://doi.org/10.1111/j.1528-1167.1990.tb06301.x
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0032
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0032
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0032
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0033
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0033
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0033
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0033
https://doi.org/10.3389/fpsyg.2014.00805
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0035
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0035
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0035
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0036
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0036
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0037
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0037
https://doi.org/10.1016/j.ctim.2012.07.009
https://doi.org/10.1016/j.eujim.2014.10.003
https://doi.org/10.1186/s12891-019-3017-y
https://doi.org/10.1016/j.ctim.2021.102702
https://orbit.dtu.dk/
https://doi.org/10.1109/JBHI.2014.2338351
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1007/s10862-007-9045-1
https://doi.org/10.3389/fnint.2013.00109

D. Sandra

[47]

[48]

[49]

[50]

[51]

[52]

[53]

J.W. Denver, S.F. Reed, S.W. Porges, Methodological issues in the quantifi-
cation of respiratory sinus arrhythmia, Biol. Psychol. 74 (2007) 286-294,
doi:10.1016/j.biopsycho.2005.09.005.

C.C. Ragin, Fuzzy-Set Social Science, University of Chicago Press, Chicago, 2000.
C.C. Ragin, Redesigning Social Inquiry: Fuzzy Sets and Beyond, University of Chicago
Press, Chicago, 2008.

C.Q. Schneider, C. Wagemann, Standards guter Praxis in Qualitative Comparative
Analysis (QCA) und fuzzy-sets, in: S. Pickel, G. Pickel, HJ. Lauth, D. Jahn (Eds.),
Methoden der vergleichenden Politik- und Sozialwissenschaft, Verlag fiir Sozialwis-
senschaften, 2009, pp. 387-412.

B. Rihoux, C.C. Ragin, Configurational Comparative Methods: Qualitative Compar-
ative Analysis (QCA) and Related Techniques, SAGE Publications Inc., Thousand
Oaks, CA, 2009.

C.C. Ragin, The Comparative Method. Moving Beyond Qualitative and Quantitative
Strategies, University of California Press, Berkeley, 1987.

I-E. Oana, C.Q. Schneider, SetMethods: an Add-on package for advanced QCA, R J.
10 (1) (2018) 507-533, doi:10.32614/RJ-2018-031.

[54]

[55]

[56]

[57]

[58]

[59]

European Journal of Integrative Medicine 44 (2021) 101329

L.H. Field, S.D. Edwards, D.J. Edwards, S.E. Dean, Influence of HeartMath training
programme on physiological and psychological variables, Glob. J. Health Sci. 10 (2)
(2018) 126-133, doi:10.5539/gjhs.v10n2p126.

R. McCraty, M. Atkinson, D. Tomasino, R.T. Bradley, The coherent heart: heart-brain
interactions, psychophysiological coherence, and the emergence of system-wide or-
der, Integral Rev. 5 (2) (2009) 11-114.

S.D. Edwards, Influence of HeartMath quick coherence technique on psychophysi-
ological coherence and feeling states, Afr. J. Phys. Act. Health Sci. 22 (4:1) (2016)
1006-1018.

L.W. Fry, J.R. Latham, S.K. Clinebell, K. Krahnke, Spiritual leadership as a model
for performance excellence: a study of Baldrige award recipients, J. Manage. Spirit.
Relig. 14 (1) (2017) 22-47, doi:10.1080/14766086.2016.1202130.

D.A. Harrison, S. Mohammed, J.E. McGrath, A.T. Florey, S.W. Vanderstoep, Time
matters in team performance: effects of member familiarity, entrainment, and
task discontinuity on speed and quality, Pers. Psychol. 56 (3) (2003) 633-669,
doi:10.1111/j.1744-6570.2003.tb00753.x.

R.S. Nickerson, Confirmation bias: a ubiquitous phenomenon in many guises, Rev.
Gen. Psychol. 2 (2) (1998) 175-220, doi:10.1037,/1089-2680.2.2.175.


https://doi.org/10.1016/j.biopsycho.2005.09.005
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0048
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0048
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0049
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0049
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0050
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0050
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0050
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0051
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0051
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0051
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0052
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0052
https://doi.org/10.32614/RJ-2018-031
https://doi.org/10.5539/gjhs.v10n2p126
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0055
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0055
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0055
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0055
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0055
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0056
http://refhub.elsevier.com/S1876-3820(21)00047-0/sbref0056
https://doi.org/10.1080/14766086.2016.1202130
https://doi.org/10.1111/j.1744-6570.2003.tb00753.x
https://doi.org/10.1037/1089-2680.2.2.175

	Using digital technology to evaluate heart coherence in craniosacral therapy as an indicator of spiritual leadership
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Recruitment strategy
	2.3 Ethics
	2.4 Craniosacral therapy
	2.5 Apparatus and HRV data extraction
	2.6 Measures
	2.6.1 Personal spiritual leadership and spiritual well-being
	2.6.2 Group spiritual leadership and spiritual well-being
	2.6.3 Inner life
	2.6.4 Heart rate variability
	2.6.5 Heart coherence

	2.7 Data collection
	2.8 HRV analysis
	2.9 Qualitative comparative analysis approach

	3 Results
	3.1 Participants
	3.2 Spiritual leadership
	3.3 Heart coherence

	4 Discussion
	5 Limitations
	6 Conclusion
	Authors contribution
	Financial support
	Declaration of Competing Interest
	Acknowledgments
	Data availability
	Supplementary materials
	References


