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Abstract 

Introduction.  Previous research shows that brush Chinese calligraphy handwriting (CCH) improves one’s 
cognitive functions as well as emotional and mental health.  Similarly, Guqin, the popular Chinese musical 
instrument, induces positive emotions and emotional stability.  The present study tested the efficacy of using the 
index finger to achieve similar mind–body changes.  Methods.  We employed a heart rate variability (HRV) 
Calligraphy–Guqin biofeedback intervention that was implemented with a Zephyr HxM Bluetooth chest heart rate 
monitoring device and an Android smartphone.  A web-based HRV big database app stored the data from three 
consecutive sessions: (1) 5 min of Guqin music listening; (2) 5 min of CCH finger writing of calligraphy; and (3) 
again 5 min of Guqin music listening.  The second session was designed to explore additive effects of the finger-
writing task.  One subject participated with the index finger employed for the writing task.  Results.  The results 
showed that the first and third Guqin sessions elicited 55% and 68% HRV coherences, respectively, while the 
CCH finger writing in the second session elicited 31% of high HRV coherence.  The increase in HRV coherence 
between the two Guqin sessions was attributed to the calligraphy finger writing training effect.  The practice of 
finger writing contributed to increased HRV regulation through heightened attention and concentration. 
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Introduction 

 
Background 
Research in Chinese calligraphy handwriting (CCH) 
has produced interesting and highly significant 
findings in the nature, processing, and outcomes of 
the practice of Chinese script.  It is established that 
the processing of Chinese characters exerts positive 
and beneficial effects on one’s perceptual, cognitive, 
and brain activities during handwriting.  The 
contributing factors relate to the interactions between 
the character’s visual-spatial properties and its 
associated cognitive and neural activities of the 
practitioner (Kao, Lam, & Kao, 2018).  Sustained 
practice of Chinese character writing has the function 
of perceptual and cognitive activation and has been 

shown to contribute to functional plasticity in the 
human cerebral cortex.  
 
Previous studies have also discovered that the 
cingulate cortex is involved in the process of visual 
stimulus, premotor planning, and memory operations, 
which are vital in CCH training.  The finding of a 
smaller cingulate gyrus volume (CGV) in the CCH 
groups suggested that long-term CCH practice may 
reshape the brain structure by increasing the 
efficiency of neural activity (Chen, Chen, He, Wang, 
& Wang, 2016).  Recent neuroimaging research also 
finds that CCH practitioners show better neural 
functions of updating and inhibition.  The CCH group 
also shows stronger resting-state functional 
connectivity than the control group in the brain areas 
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involved in updating and inhibition.  These outcomes 
suggest that long-term CCH training may be 
associated with improvements in specific aspects of 
the executive functions and the strengthened neural 
networks in related brain regions (Chen et al., 2017).  
At a deeper level of analysis, when processing the 
visual-spatial configurations of Chinese characters at 
the cortical level, the act of writing can initiate and 
facilitate cognitive activities and functions of related 
cortical substrates (Kao et al., 2018; Xu, Kao, Zhang, 
Lam, & Wang, 2013). 
 
The Theory  
A conceptual framework has been advanced to 
account for the character’s roles and practical impact 
on handwriting within a dynamic behavioral 
cybernetic system (Kao, 2006, 2010).  Handwriting 
consists of three main components in the writing of 
script: the hand, the writing instrument, and the paper 
or surface of writing material.  The theory of 
handwriting operation and skills training has its 
conceptual origin in the context of a cybernetic 
system of perception and motor performance (Kao & 
Smith, 1969; Smith & Smith, 1962, p. 341).  The 
writing of script and the tool used during handwriting 
result in different forms of feedback: reactive 
feedback from the hand itself, instrumental feedback 
from the action of the writing instrument, and 
operational feedback from the resulting handwriting 
traces on the paper or writing surface (Smith, 1961; 
Smith & Smith, 1962; Smith & Smith, 1988).  
Moreover, skill learning such as handwriting occurs 
as a result of motor control mechanisms interfacing 
the motor displacements relative to the 
spatiotemporal coherence between mind–body 
movements and its instrumental sensory feedbacks 
during the task.  This displacement control process is 
mediated by neuronal detector mechanisms (Smith & 
Smith, 1988) as well as a full spectrum of behavioral 
feedback mechanisms (Kao, 2000) underlying the 
writing motions with the characters. 
 
The theoretical bases for calligraphy writing by brush 
are threefold (Kao, 2000; Zhu et al., 2014).  First is 
the sensory feedback: the individual receives sensory 
feedback from the graphic record while practicing 
calligraphy.  Second is the bioemotional feedback: 
the calligraphy involves the movement of the arms 
and the body as the guide to regulate their 
movements.  Finally, the cognitive feedback: the 
subjective experiences of heightened attention, 
alertness, and quickened responses during the 
writing acts (Xu et al., 2013; Zhu et al, 2014).  Our 
past research has been guided by these measures of 
brush handwriting. 
As for the crucial role of the Chinese characters as 
the materials in brush handwriting, we have followed 

a set of psychogeometric which states that characters 
with Gestalt and topological properties such as 
balance, closure, orientation, connectivity, etc. are 
space-structured, easily recognized, and speedily 
processed.  The visual facilitating effect of each single 
property on processing the characters is formed upon 
the practitioner’s response to the visual-spatial 
structure of Chinese characters or English letters that 
are relative to the practitioner’s body and hand 
movements, taking place in the course of the writing 
tasks (Kao, 1999). 
 
The Applications  
The positive effects of CCH practice at the 
fundamental behavioral level have included identified 
enhancements in one’s attention and concentration, 
physical relaxation, and emotional stabilization, 
among others.  Specifically, effective outcomes with 
CCH intervention have been obtained in a variety of 
disease and clinical applications as well as behavioral 
changes.  These include significant results of (1) 
patients of strokes in palm strength of the affected 
hand and increased response facilitation in fine motor 
coordination (Chiu, Kao, & Ho, 2002); (2) the 
awakening of a coma patient after stroke with 
significantly enhanced focusing, alertness, visual 
scan and span, and quickened visual and motor 
responses (Kao, Lam, & Kao, 2018); and (3) 
Alzheimer’s disease patients showing significant 
improvement in short-term memory tasks and verbal 
ability (Kao, 2010). 
 
In addition, other clinical areas of CCH treatment 
include (1) Chinese cancer (nasopharyngeal 
carcinoma) patients with CCH training who 
demonstrated gradually lowered systolic blood 
pressure and respiration rate at pre- and 
posttreatment measures as the intervention 
proceeded, as well as elevated level of concentration 
and reduced mood disturbance (Yang, Li, Hong, & 
Kao, 2010); (2) our CCH training of post-earthquake 
PTSD children, which led to significant decrease in 
hyperarousal symptoms and salivary cortisol levels 
among the child survivors (Zhu et al., 2014); and (3) 
that CCH training plus Wenlafaxine drugs, which 
yielded better effects in treating patients of anxiety 
disorder that were measured by the Hamilton Anxiety 
Scale (HAMA), Self-Rating Anxiety Scale (SAS), and 
Clinical Global Impression (CGI) Scale (Dong, Jia, 
Wang, Cui, & Zhang, 2006).  These results provide 
encouraging evidence on the strength of CCH 
intervention toward reducing certain neuropsychiatric 
symptoms and conditions (Chu, Huang, & Ouyang, 
2018; Wagner, 2018). 
 
The above studies and findings have all been 
conducted using the traditional Chinese brush as the 
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exclusive writing instrument.  It is interesting to 
explore whether a shift to a newer and different writing 
instrument would yield the same or similar research 
outcomes.  The purpose of the present study was to 
test this notion by resorting to the use of a finger for 
writing.  This idea is significant in view of the current 
surge of interest and development of touch-screen 
writing technologies in the cyber age of innovation.  
 
We designed this pilot study (1) to analyze finger 
writing as an efficacious writing tool, (2) to test its 
contributions to health enhancement, and (3) to 
examine its writing effectiveness on a new surface 
platform of a smartphone. 
 
Finger Writing: The New Instrument 
Research results have suggested that repetitive 
movements on a smooth touchscreen reshape 
sensory processing from the hand and the thumb.  It 
is proposed that cortical sensory processing in the 
brain is continuously shaped by the use of personal 
digital technology (Gindrat, Chytiris, Balerna, Rouiller, 
& Ghosh, 2015).  Recent results indicate that a 
combination of motor training with mirrored visual 
feedback (MVF) therapy can induce significant 
neuroplasticity changes through multisensory 
integration.  The findings of this finger movement 
therapy lend support to the application of finger 
calligraphy writing for inducing cortex plasticity in the 
course of treatment (Kumru et al., 2016).  We have 
made initial attempts to develop finger writing as a 
new mode for calligraphy therapy.  Pilot studies have 
included using finger writing with a tablet computer for 
calligraphy writing in treating an Alzheimer’s patient 
as well as a coma patient (Kao, Lam, & Kao, 2018).  
 
This initial experience prompted our interest in 
exploring finger writing in connection with a new 
smartphone platform with a touch-screen surface for 
handwriting.  The present study is the first test of the 
efficacy of handwriting in a handheld mobile 
smartphone and represents a new tactile-motor 
feedback-based finger writing system. 
 
The Gugin Music 
The Guqin (Chinese zither), also known as a seven-
stringed Qin, is the most ancient plucked instrument 
of China with a history of over 3,000 years.  It was a 
prerequisite subject for the ancient scholar, as well as 
an art for personal development and cultural 
cultivation in ancient China (Fung & Wang, 2011; 
Wang, 2006, p. 60).  
 
Along with calligraphy training as a therapeutic 
system, Guqin has also been promoted recently as a 
method of relaxation therapy (Lam, Kao, & Fung, 
2012; Yeh, 1991) and shown to be capable of 

inducing a state of psychological quiescence that 
improves symptoms of insomnia (Fung & Wang, 
2011).  Guqin music was adopted in this study as a 
complementary intervention along with the act of 
finger writing characters. 
 
The HRV Coherence 
The rhythm of a healthy heart—even under resting 
conditions—is actually irregular, with the time interval 
between consecutive heartbeats constantly 
changing, which is known as Inter-Bit-Interval (IBI) 
changes.  The naturally occurring beat-to-beat 
variation in heart rate is called heart rate variability 
(HRV).  Any generation of sustained positive 
emotions facilitates a body-wide shift to a specific, 
scientifically measurable state, which is termed 
psychophysiological coherence because it is 
characterized by increased order and harmony in 
both our psychological (mental and emotional) and 
physiological (bodily) processes.  
Psychophysiological coherence is a state of optimal 
function, which generates increased mental clarity 
and improved cognitive function.  Simply stated, as 
our body and brain work better, we feel better, and we 
perform better herein (McCraty, Atkinson, Tomasino, 
& Bradley, 2009). 
 
HRV and Behavior 
A review of literature suggests that heart rate 
oscillations can enhance emotion by entraining brain 
rhythms in ways that enhance regulatory brain 
networks.  Because blood flow timing helps determine 
brain network structure and function, slow oscillations 
in heart rate have the potential to strengthen brain 
network dynamics, especially in medial prefrontal 
regulatory regions that are particularly sensitive to 
physiological oscillations.  It supports that individuals 
with high HRV tend to have better emotional well-
being than those with low HRV (Mather & Thayer, 
2018).  In addition, HRV is impacted by stress (Kim, 
Cheon, Bai, Lee, & Koo, 2018) and associated with 
level of anxiety (Chalmers, Quintana, Abbott, & 
Kemp, 2014).  These studies provide a glimpse of the 
applications of HRV relative to emotion, stress and 
anxiety, and other disorders. 
 
Inter-Bit-Interval (IBI) and CCH 
We have investigated some psychophysiological 
changes on the part of the CCH practitioner.  Results 
showed a consecutive reduction in heart rate for the 
first 10 s during brush handwriting.  This indicates that 
a significant increase in IBI means that the HRV is 
measured in the time domain (Kao, Lam, Guo, & 
Shek, 1984; Kao, Lam, Robinson, & Yen, 1989).  
Based on these findings we believe that the state of 
HRV coherence could be regulated as an index 
(Appelhans & Luecken, 2006) of the effects that are 
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induced by the Guqin listening as well as by finger-
writing intervention in this study.  
 
We introduce the smartphone in this study as an 
advanced alternative practice with calligraphy finger 
writing and Guqin music listening, forming a new 
system of HRV regulation for cognitive neural 
interventions. 
 

Aims of the Study 
 
1. To investigate the complementary roles and 

effects of calligraphy training and Guqin listening 
in HRV regulation through using a smartphone as 
an active HRV biofeedback platform.  
 

2. To develop the HRV regulation function of finger 
writing using a smartphone.  It is expected that 
calligraphic finger writing can promote the effects 
of Guqin music listening with meditation toward a 
deeper and positive level of mind–body harmony 
(HRV coherence). 

 

Materials and Methods 
 
Participant 
The case study subject was a 56-year-old male with 
treated hypertension and no history of psychiatric 
disorders or decline in cognitive functions.  The trials 
were conducted in the home environment. 
Selection of Gugin Music and Writing Protocols 
In the first and third sessions, 5 min of Guqin music 
are selected from Li Xiangting's Guqin album "Heart". 
 
In the second session of 5 min of calligraphic finger 
writing, calligraphy graphic characters are selected 
from a newly developed “iPad calligraphy: fingering 
writing psychotherapy” design (Kao & Lam, 2011). 
 

Finger Writing Materials:  
The Graphic Characters 
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"Calligraphy–Guqin" HRV Biofeedback Design 
"Calligraphy–Guqin" HRV is a system is based on the 
“Biofeedback-based System of Calligraphy Therapy” 
(Lam & Kao, 2007) which was invented by our team 
and shown at the Innovation Expo 07 in Hong Kong 
in 2007; the Zephyr HxM Bluetooth chest heart rate 
monitoring device; the HTC EVO 3D Android 
smartphone; and the Heart-Love HRV Android app, 
an HRV Internet big database that is used to analyze 
and store the data collected from three 5-min 
sessions for HRV regulation. 
 
An HTC EVO 3D Android smartphone in Figure 1 is 
used for Guqin music playback and the ongoing finger 
writing of the participant. 
 
The Zephyr HxM Bluetooth chest heart rate 
monitoring device is set up for the participant, as 
illustrated in Figure 2. 
 
1. First session: 5 min of meditation with Guqin 

music listening.  See Figure 3. 
2. Second session: 5 min of calligraphic finger 

writing intervention.  See Figure 4. 
3. Third session: 5 min of meditation with Guqin 

music listening.  See Figure 5. 

 
Instant analysis of recorded HRV through Internet 
cloud big databases as a remote and mobile 
healthcare platform is shown in Figure 6. 
 
Improved process outcomes that regulate HRV 
coherence after intervention and the HRV are 
graphically displayed in Figure 7, while the HRV 
coherence for the control trial is graphically displayed 
in Figure 8.  
 
The Procedure 
The design of this 15-min protocol of meditation with 
Guqin music listening and calligraphic finger writing 
intervention for HRV regulation is tested with a single 
trial case study to evaluate the efficacy of both the 
new protocol and the finger writing as an instrument 
for CCH therapy.  
 
The HRV coherence app is installed, the Guqin music 
is recorded, and the graphic characters are all stored 
in the smartphone in advance of the display of Guqin 
music and the graphic characters in a predefined 
sequence.  The conventional equipment setup and 
procedures are followed.  Refer to separate 
descriptions under the respective figures. 
 
 

 
Figure 1. The HTC EVO 3D Android smartphone. 

 
 
Before wearing the Zephyr HxM Bluetooth chest heart 
rate monitoring device: (1) clip the Zephyr monitor to 
the chest strap, (2) put on the chest strap around the 
chest as shown in Figures 1 and 2, and (3) the Zephyr 
monitoring device will be turned on automatically.  
Note: In order to ensure a good connection, it might 
be necessary to sprinkle a small amount of water on 
the fabric sensors before wearing.  The monitoring 
device is then paired with the HTC EVO 3D Android 
smartphone.  The audio output of the smartphone is 
connected to a surround sound receiver for playback 
of the Guqin music and also for the tone for 
biofeedback of the Heart-Love's HRV coherence 
Android app. 
 

http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/


Lam et al. NeuroRegulation  

 

 

47 | www.neuroregulation.org Vol. 6(1):42–51  2019 doi:10.15540/nr.6.1.42 

 
Figure 2. The Zephyr Bluetooth chest heart rate monitoring 
device and setup illustration. 

 
 
The subject sits comfortably in an armchair, turns on 
the smartphone, the monitoring device, and the 
surround sound receiver.  For the first session (see 
Figure 3), initiate playback of the Guqin music and the 
HRV coherence app, pay attention, and enjoy the 
Guqin music; the higher tone for biofeedback will 
change as a higher HRV coherence is reached. 
 
 

 
Figure 3. The first session: 5 min of meditation with Guqin 
music listening. 

 
Save the HRV coherence result after 5 min of the first 
session of Guqin music listening.  Then, proceed to 
the second session (see Figure 4), display the first 
graphic character, initiate the HRV coherence app, 
and then start tracing the graphic character with the 
index finger on the touch screen; the higher tone for 
biofeedback will change as a higher HRV coherence 
is reached. 
 
 

 
Figure 4. The second session: 5 min of calligraphic finger 
writing on the touch screen of an HTC smartphone. 

 
 
After completing the first graphic character, display 
the second graphic character for tracing and so on for 
5 min of the second session.  Save the HRV 
coherence result after 5 min of the second session of 
CCH finger writing.  Then, proceed to the third 
session as the procedure of the first session (see 
Figure 5).  Save the HRV coherence result after 5 min 
of the third session of Guqin music listening.  The 
three sessions of intervention are then completed. 
 
 

 
Figure 5. The third session: 5 min of meditation with Guqin 
music listening. 
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Figure 6. HRV graphic data icons on smartphone showing instant analysis of Internet big databases as remote 
and mobile healthcare platform. 

 
 

Results & Discussion 
 
The results of the percentage of HRV coherence of 
the three sessions of the saved test trial and control 
trial in the cloud database are plotted with Microsoft 
Excel in Figures 7 and 8, respectively.   
 

The video version of the biofeedback trial of 
application of the calligraphic finger writing and Guqin 
music listening process can be viewed online from 
YouTube (https://youtu.be/eyr6ziNHHyw).

 

 
Figure 7. HRV results plotted for three different sessions of Guqin music listening and finger writing. 
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Results in Figure 7 demonstrated that after the 
calligraphic finger writing intervention, the first and 
third sessions of meditation with Guqin music 
listening elicited 55% and 68% of high HRV 
coherence respectively, while the second session of 
calligraphic finger writing elicited 31% of high HRV 
coherence.  This indicated a preliminary observation 
that calligraphic finger writing and Guqin music 
listening both improved one’s HRV regulation, and 

that this effect could mean a shortening of 
intervention duration as well as a potential application 
of both for treatment and rehabilitation with the use of 
a smartphone or a handheld tablet computer.  It is 
noted that previous research on Guqin music listening 
for insomnia treatment elicited also a marginal 
significance (p = .055) of HRV coherence after 
intervention (Fung, Han, & Lee, 2014; Fung, Kao, 
Lam, & Kao, 2019). 

 
 

 
Figure 8. HRV results plotted for three consecutive sessions of eyes-open sitting meditation. 

 
 
Results in Figure 8 showed that, as a control trial with 
three consecutive sessions of eyes-open sitting 
meditation, the first, second, and third eyes-open 
meditation sessions only elicited 16%, 17%, and 15% 
of high HRV coherence respectively with little 
differentiation.  This demonstrated that, in Figure 7, 
the high HRV coherence result in the third session of 
Guqin music listening is solely due to the intervention 
effect of calligraphic finger writing.  We believe that 
this practice contributed to increased HRV regulation 
from 55% to 68% of high HRV coherence through an 
increase in attention and concentration that are 
associated with the practice of calligraphic finger 
writing.  
 
The third session of meditation with Guqin music 
listening has confirmatory data not only on the 
positive effect of Guqin music listening in the literature 
alone but also suggestive of an additive value of 
accompanying calligraphic finger writing during the 
process of dual factor intervention.  This would 
suggest the likely value of combined treatment 

system for behavioral intervention.  A first 
implementation in this direction has seen a recent 
investigation of applying combined Gugin music and 
calligraphy in the successful treatment of symptoms 
of primary insomnia.  The results have shown this 
joint intervention being effective in promoting heart 
rate coherence as well as optimum brain functions 
(Fung, Kao, et al., 2019). 
 
In line with previous studies in which HRV is positively 
associated with stress decrease (Chalmers et al., 
2014; Kim et al., 2018), anxiety reduction (Dong et al., 
2006) as well as PTSD hyperarousal decrease (Zhu 
et al., 2014) reviewed in previous sections, we believe 
that the significant increase in high HRV coherence 
induced by calligraphic finger writing on the touch 
screen of the smartphone plus Guqin music listening 
can exert a curative and effective treatment for the 
emotional conditions of stress and anxiety.  
 
The HRV and Emotion theory and research support 
the utility of HRV as a noninvasive, objective index of 
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the brain’s ability to organize regulated emotional 
responses through the autonomic nervous system 
(ANS) and as a marker of individual differences in 
emotion regulatory capacity (Appelhans & Luecken, 
2006) and the reviewed findings suggest that heart 
rate oscillations can regulate emotion by entraining 
brain rhythms in medial prefrontal regulatory regions.  
It supports that individuals with high HRV tend to have 
better emotional well-being than those with low HRV 
(Mather & Thayer, 2018).  On the basis of such 
observations, we speculate that high HRV coherence 
induced by calligraphic finger writing on the touch 
screen of a smartphone plus Guqin music listening 
may also be able to regulate emotions.  
 
This preliminary case study has provided valuable 
findings toward further development of systematic 
application of finger writing together with the 
smartphone toward a curative and effective platform 
of behavioral treatment.  We conclude that Guqin 
music and calligraphic finger writing contributes to 
inducing the harmonious effect of "mind and body" 
coherence and emotional relaxation.  Further testing 
and validation of the present system are warranted for 
broader clinical applications in the areas of brain 
health and treatment of neuropsychiatric diseases.  
 

Conclusion 
 
This new, shortened 15-min protocol is designed in 
order to adapt to the busy style of modern life by using 
a smartphone to store and playback the graphic 
characters and Guqin music which can be completed 
either at home, school, or at work.  The whole 
treatment protocol is automated using the 
smartphone in guiding the practitioner to work 
through the intervention processes with a light 
handheld indoor or outdoor calligraphy and Guqin 
finger writing intervention platform which may be 
limited to effective treatment for the emotional 
conditions of stress and anxiety.  
 
Calligraphy treatment usually completes a 
psychotherapy intervention process with a 3-min 
sitting meditation—30 to 45 minutes of calligraphy 
handwriting intervention followed by 3 min of sitting 
meditation.  Because calligraphy is written with a 
brush as the main tool, it requires a place and a 
relatively quiet environment, together with a longer 
intervention program that takes about 45 to 60 
minutes including preparation work (Kao et al., 1984).  
To apply as a clinical trial in the future, a design of 
different graphic characters to target specific 
neuropsychiatric diseases (Chu, Huang, & Ouyang, 
2018) with 30 to 45 minutes intensive treatment is 
required for calligraphy and Guqin finger writing. 

For future development, cloud database is to connect 
to upload trials, and view Sessions, Goals and 
Achievement scores. Daily Coherence Ratio, 
Achievement Totals and Community Achievement 
Scores may be all visible to the clients and may also 
be visible to an assigned and authorized clinical 
therapist for coaching. 
 
Acknowledgment 
The authors would like to thank Dr. Thomas Smith of 
the University of Minnesota for advice on the 
developments of behavioral cybernetics and 
international ergonomics.  The preparation of the 
manuscript received support from Dr. Min Xu of the 
Shenzhen Institute of Neuroscience, and we thank 
Mr. Man-Kit Lam and Mrs. Shun-King Sin for 
supporting facilities and publication of this article. 
 
Author Disclosure  
Authors have no grants, financial interests, or 
conflicts to disclose. 
 

References 
 
Appelhans, B. M., & Luecken, L. J. (2006). Heart rate variability as 

an index of regulated emotional responding. Review of General 
Psychology, 10(3), 229–240. http://dx.doi.org/10.1037/1089-
2680.10.3.229 

Chalmers, J. A., Quintana, D. S., Abbott, M. J.-A., & Kemp, A. H. 
(2014). Anxiety disorders are associated with reduced heart 
rate variability: A meta-analysis. Frontiers in Psychiatry, 5, 80. 
http://dx.doi.org/10.3389/fpsyt.2014.00080 

Chen, W., Chen, C., He, Y., Wang, Y., & Wang, W. (2016, June). 
Long-term Chinese calligraphy handwriting reshapes the 
cingulate gyrus: A VBM study. Poster session presented at the 
22nd Annual Meeting of the Organization for the Human Brain 
Mapping, Geneva, Switzerland. 

Chen, W., He, Y., Gao, Y., Zhang, C., Chen, C., Bi, S., … Wang, 
W. (2017). Long-term experience of Chinese calligraphic 
handwriting is associated with better executive functions and 
stronger resting-state functional connectivity in related brain 
regions. PLoS One, 12(1), e0170660. http://dx.doi.org/10.1371 
/journal.pone.0170660 

Chiu, M. L., Kao, H. S. R., & Ho, S. M. Y. (2002, January). The 
efficacy of Chinese calligraphic handwriting (CCH) on stroke 
patients: A multiple cases study. In A. D. Korczyn (Ed.), 
Proceedings of the Second International Congress on Vascular 
Dementia (pp. 207–212). Salzburg, Austria. 

Chu, K.-Y., Huang, C.-Y., & Ouyang, W.-H. (2018). Does Chinese 
calligraphy therapy reduce neuropsychiatric symptoms: a 
systematic review and meta-analysis. BMC Psychiatry, 18, 62. 
http://dx.doi.org/10.1186/s12888-018-1611-4 

Dong, X.-P., Jia, J.-M., Wang, J., Cui, Z. L., & Zhang, R. A. (2006). 
A control study of calligraphy training plus venlafaxine in the 
treatment of anxiety disorder. Chinese Journal of Behavioral 
Medical Science, 15(5), 027. 

Fung, M. M. Y., Han, J., & Lee, C. Y. (2014). Guqin music and 
mind–body coherence: An EEG experimental study. In B. C. 
Duan, W. D. Wang, Y. M. Cheng, H. L. Geng, Z. W. Liu & M. 
Gong (Eds.), The Study of Guqin Music. Shandong: Qilu Book 
Press.  

Fung, M. M. Y., Kao, H. S. R., Lam, S. P. W., & Kao, T. T. (2019). 
Chinese Guqin music and calligraphy for treating symptoms of 
primary insomnia. Chinese Medicine and Culture, 2(1), 48–52. 
http://dx.doi.org/10.4103/CMAC.CMAC_15_19 

http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://dx.doi.org/10.1037/1089-2680.10.3.229
http://dx.doi.org/10.1037/1089-2680.10.3.229
http://dx.doi.org/10.3389/fpsyt.2014.00080
http://dx.doi.org/10.1371/journal.pone.0170660
http://dx.doi.org/10.1371/journal.pone.0170660
http://dx.doi.org/10.1186/s12888-018-1611-4
http://dx.doi.org/10.4103/CMAC.CMAC_15_19


Lam et al. NeuroRegulation  

 

 

51 | www.neuroregulation.org Vol. 6(1):42–51  2019 doi:10.15540/nr.6.1.42 

Fung, M. M. Y., & Wang, W. D. (2011). Guqin music treatment of 
insomnia: A clinical trials study. World Chinese Traditional 
Medicine, 12(6), 79–81. 

Gindrat, A.-D., Chytiris, M., Balerna, M., Rouiller, E. M., & Ghosh, 
A. (2015). Use-dependent cortical processing from fingertips in 
touchscreen phone users. Current Biology, 25(1), 109–116. 
http://dx.doi.org/10.1016/j.cub.2014.11.026 

Kao, H. S. R. (1999, June). Psychogeometric Principles of Chinese 
Character Writing.  In C. G. Leedham, M. Leung, V. Sagar, & 
X. Xuhong (Eds.), Proceedings of the 9th Biennial Conference 
of the International Graphonomics Society (pp. 107–110). 
Nanyang Technological University, Singapore. 

Kao, H. S. R. (2000). The visual-spatial features of Chinese 
characters and a psychogeometric theory of Chinese character 
writing. In H. S. R. Kao (Ed.), Chinese Calligraphy Therapy. 
Hong Kong: Hong Kong University Press. 

Kao, H. S. R. (2006). Shufa: Chinese calligraphic handwriting 
(CCH) for health and behavioural therapy. International Journal 
of Psychology, 41(4), 282–286. http://dx.doi.org/10.1080 
/00207590544000059 

Kao, H. S. R. (2010). Calligraphy therapy: A complementary 
approach to psychotherapy. Asia Pacific Journal of 
Counselling and Psychotherapy, 1(1), 55–66. http://dx.doi.org 
/10.1080/21507680903570334 

Kao, H. S. R., & Lam, S. P. W. (2011, May). iPad calligraphy: 
Fingering characters for elderly health and therapy. Abstract 
and presentation at the Person-Centered Care for Persons 
with Dementia Conference, Hong Kong. 

Kao, H. S. R., Lam, S. P. W., Guo, N. F., & Shek, D. T. L. (1984). 
Chinese calligraphy and heart rate reduction: An exploratory 
study. In H. S. R. Kao & R. Hoosain (Eds.), Psychological 
Studies of the Chinese Language. Hong Kong: The Chinese 
Language Society of Hong Kong. 

Kao, H. S. R., Lam. S. P. W., & Kao, T. T. (2018). Chinese 
calligraphy handwriting (CCH): A case of rehabilitative 
awakening of a coma patient after stroke. Neuropsychiatric 
Disease and Treatment, 14, 407–417. 
http://dx.doi.org/10.2147/NDT.S147753 

Kao, H. S. R., Lam, P. W., Robinson, L., & Yen, N. S. (1989). 
Psychophysiological changes associated with Chinese 
calligraphy. In P. Plamondon, C. U. Suen, & M. L. Simner 
(Eds.), Computer recognition and human production of 
handwriting.  Singapore: World Scientific Publishing. 

Kao, H. S. R., & Smith, K. U. (1969). Cybernetic television methods 
applied to feedback analysis of automobile safety. Nature, 222, 
299–300. http://dx.doi.org/10.1038/222299a0 

Kim, H.-G., Cheon, E.-J., Bai, D.-S., Lee, Y. H., & Koo, B.-H. 
(2018). Stress and heart rate variability: A meta-analysis and 
review of the literature. Psychiatry Investigation, 15(3), 235-
245. http://dx.doi.org/10.30773/pi.2017.08.17 

Kumru, H., Albu, S., Pelayo, R., Rothwell, J., Opisso, E., Leon, D., 
… Tormos, J. M. (2016). Motor cortex plasticity during 
unilateral finger movement with mirror visual feedback. Neural 
Plasticity, 2016, 6087896. http://dx.doi.org/10.1155/2016 
/6087896 

Lam, S. P. W. & Kao, H. S. R. (2007). A biofeedback-based system 
of calligraphy therapy. Innovation Expo 2007. Hong Kong: 
Hong Kong Convention Centre.   

Lam, S. P. W., Kao, H. S. R., & Fung, M. M. Y. (2012, April). 
Calligraphy-Guqin for brain health and emotion. Poster 
presented at the 33rd Annual Meeting and Scientific Sessions 
of the Society of Behavioral Medicine, New Orleans, LA. 

Mather, M., & Thayer, J. F. (2018). How heart rate variability affects 
emotion regulation brain networks. Current Opinion in 
Behavioral Sciences, 19, 98–104. http://dx.doi.org/10.1016 
/j.cobeha.2017.12.017 

McCraty, R., Atkinson, M., Tomasino, D., & Bradley, R. T. (2009). 
The coherent heart: Heart–brain interactions, 
psychophysiological coherence, and the emergence of 
system-wide order. Integral Review, 5(2), 1–106.  

Smith, K. U. (1961). The geometry of human motion and its neural 
foundations. II: Neurogeometric theory and its experimental 
basis. American Journal of Physical Medicine, 40, 109–129.  

Smith, K. U., & Smith, W. M. (1962). Perception and motion; An 
analysis of space-structured behavior. Philadelphia, PA: W. B. 
Saunders.  

Smith, T.J., & Smith, K.U. (1988). The cybernetic basis of human 
behavior and performance. Continuing the Conversation: A 
Newsletter of Ideas in Cybernetics. Official Newsletter of the 
American Society of Cybernetics, 15, 1–30. 

Wagner, S. (2018). Calligraphy therapy interventions for managing 
depression in cancer patients: A scoping study. Alternative & 
Integrative Medicine, 7(1), 260. http://dx.doi.org/10.4172/2327-
5162.1000260 

Wang, M. Q. (Ed.). (2006). Music & Health. Beijing: Chinese TCM 
Press.  

Xu, M., Kao, H. S. R, Zhang, M., Lam, S. P. W, & Wang, W. (2013). 
Cognitive-neural effects of brush writing of Chinese characters: 
Cortical excitation of theta rhythm. Evidence-Based 
Complementary and Alternative Medicine, 2013, 975190. 
http://dx.doi.org/10.1155/2013/975190 

Yang, X.-L., Li, H.-H., Hong, M.-H., & Kao, H. S. R. (2010). The 
effects of Chinese calligraphy handwriting and relaxation 
training in Chinese Nasopharyngeal Carcinoma patients: A 
randomized controlled trial. International Journal of Nursing 
Studies, 47(5), 550_559. http://dx.doi.org/10.1016 
/j.ijnurstu.2009.10.014 

Yeh, M. M. (Ed.). (1991). The art of Guqin music (pp. 111–139). 
Beijing: Commercial Press. 

Zhu, Z. H., Wang, R., Kao, H. S. R., Zong, Y., Liu, Z. K., Tang, S., 
… Lam, S. P. W. (2014). Effect of calligraphy training on 
hyperarousal symptoms for childhood survivors of the 2008 
China earthquakes. Neuropsychiatric Disease and Treatment, 
10, 977–985. http://dx.doi.org/10.2147/NDT.S55016 

 
 
Received: October 30, 2018 
Accepted: February 24, 2019 
Published: March 25, 2019 

 
 
 

http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://dx.doi.org/10.1016/j.cub.2014.11.026
http://dx.doi.org/10.1080/00207590544000059
http://dx.doi.org/10.1080/00207590544000059
http://dx.doi.org/10.1080/21507680903570334
http://dx.doi.org/10.1080/21507680903570334
http://dx.doi.org/10.2147/NDT.S147753
http://dx.doi.org/10.1038/222299a0
http://dx.doi.org/10.30773/pi.2017.08.17
http://dx.doi.org/10.1155/2016/6087896
http://dx.doi.org/10.1155/2016/6087896
http://dx.doi.org/10.1016/j.cobeha.2017.12.017
http://dx.doi.org/10.1016/j.cobeha.2017.12.017
http://dx.doi.org/10.4172/2327-5162.1000260
http://dx.doi.org/10.4172/2327-5162.1000260
http://dx.doi.org/10.1155/2013/975190
http://dx.doi.org/10.1016/j.ijnurstu.2009.10.014
http://dx.doi.org/10.1016/j.ijnurstu.2009.10.014
http://dx.doi.org/10.2147/NDT.S55016

