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Abstract: 

Resonance frequency breathing (RFB) is a form of slow breathing at around six breaths/min, whose 

immediate effects are to substantially increase heart rate variability (HRV) and to reduce stress 

levels. Since RFB has already been successfully used on its own to treat various emotional disorders, 

we wanted to evaluate its effect on emotional processing when used as a preparatory intervention in 

improvisational music therapy. To do so, we performed a single-subject experimental study with a 

healthy participant. We hypothesised that RFB would serve both as an emotional catalyst and 

emotional regulator, the actual outcome depending on the client’s current issues and needs. The 

study consisted of 10 music therapy sessions, with the breathing intervention used at the beginning 

of every other session, in alternation with a control intervention. The data collection focussed on 

HRV during talking and music-making, emotion and abstraction levels in verbal content, body 

language, and a set of music features extracted from the client’s improvisations. Our results show 

that the sessions starting with RFB were characterised by higher stress levels and the expression of 

more negative emotions, without it leading to hyperarousal and integration problems. 
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1. Background 

Since the introduction of modern Psychotherapy Process Research (PPR) in the 1950s, a wealth of 

reliable evidence has accumulated with the aim of answering the fundamental question “How does 

(psycho)therapy work?” In the process of doing so, numerous important treatment aspects have 

been identified and weighed in terms of their contribution to therapeutic change. Some of the most 

consistent aspects across theoretical orientations appear to be the role of the therapist (therapist 

effects), the quality of the therapeutic alliance, and the presence of emotional arousal and 

processing (McAleavey & Castonguay, 2015). 

In the present study, the focus is on emotional processing. Although several theories and definitions 

have been proposed over the years (Auszra, Greenberg, & Herrmann, 2013), we will apply the ideas 

developed by Greenberg and Pascual-Leone (2006), and define emotional processing as the 

following three-step process. First, there needs to be emotional arousal and activation. Second, the 

client must be able to acknowledge, allow, and tolerate these emotions. This happens through 

emotional regulation, which is about finding the middle ground between avoidance and over-

engagement with emotions (Sloan & Kring, 2007). Lastly, the emotional experience has to be 

explored and reflected upon, for example, through symbolisation and meaning-making. This 

definition would apply to any form of emotion-focused, experiential therapy, which includes music 

therapy (Pellitteri, 2009). 

When looking at the literature, one recurrent finding is that emotional processing plays a key role in 

achieving a positive therapeutic outcome. The general idea is that more emotional processing leads 

to better outcomes, the opposite being true in the case of high avoidance levels (Hayes, Beevers, 

Feldman, Laurenceau, & Perlman, 2005; Pos, Greenberg, & Warwar, 2009). In other words, 

psychotherapy is more likely to be successful if clients express their feelings and are able to face 

their issues, which Hunt (1998) aptly summarised by saying “the only way out is through.” 

Consequently, any adjunct intervention able to favour emotional processing should be considered a 

useful addition to the main therapy method.  

The idea of preparing the client for more productive work is not new, as evidenced by the 

widespread use in psychotherapy of various mental imagery and relaxation techniques (Pagnini, 

Manzoni, Castelnuovo, & Molinari, 2013; Singer, 1974). The use of preliminary relaxation is also 

the norm in certain music therapy methods, for example in Guided Imagery and Music (GIM), 

where every session starts with a visualisation/relaxation exercise aimed at inducing a slightly 

altered state of consciousness (ASC). In GIM, the induction of an ASC is considered a prerequisite 

for successfully journeying through the music and exploring the deeper realms of our psyche 

(Bruscia & Grocke, 2002). However, with the exception of GIM, most music therapy methods do 

not systematically include a specific preparatory intervention at the beginning of each session.  

Our interest in ASCs and their potential therapeutic benefits led us to investigate existing induction 

methods, with the idea of finding one intervention that could be used in improvisational music 

therapy, similarly to what is being done in GIM. We were looking for something safe, short, 

effective, affordable, and easily implementable by any therapist. The range of procedures developed 

throughout human history is quite wide: we find for example the ingestion of psychoactive plants, 

fasting, sensory deprivation, overstimulation, special breathing techniques, dancing, and drumming, 
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used either separately or in combination (Winkelman, 2010). However, many of these methods 

were not suitable, because they would either be considered dangerous or unethical, take too much 

time, or be difficult to fit into a Western cultural context.    

As a result, we decided to focus on breath-based interventions, since breathing is a universal 

phenomenon whose targeted manipulation has a long history of use as a therapeutic tool. One of the 

oldest example would be the Indian practice of pranayama yoga and its well-documented effect on 

autonomic functioning (Jerath, Edry, Barnes, & Jerath, 2006; Pal, Velkumary, & Madanmohan, 

2004). But breathing techniques have also become increasingly popular in the West, as can be seen 

by their growing use for the treatment of various emotional and stress-related disorders (Brown, 

Gerbarg, & Muench, 2013). Furthermore, music therapists are already familiar with certain 

breathing interventions, meaning that the introduction of a new method should not pose any 

conceptual or practical problem.  

The existing breathing interventions used in music therapy can be classified into three main types. 

The first type consists in giving verbal instructions for breath modification as part of a relaxation 

induction, accompanied or followed by music listening. In this category, we find for example 

Progressive Muscle Relaxation (PMR), countdown inductions, and autogenic-type inductions 

(Grocke & Wigram, 2007). The second type consists in giving explicit breathing cues through live 

or recorded music, generally with the aim of helping clients achieve slower and deeper breathing. 

This has been done for example in the context of burn care, with the therapist using music-

reinforced relaxation to facilitate PMR and music-based imagery (Prensner, Yowler, Smith, Steele, 

& Fratianne, 2001). The third type is indirect and includes all the interventions based on singing. 

Indeed, deeper and slower breathing naturally happens whenever we sing. This principle has been 

developed into specific vocal holding techniques that can be used in music psychotherapy to 

overcome for example early traumas or attachment issues (Austin, 2001).  

Our search for a suitable intervention eventually led us to a form of slow and regular breathing, 

borrowed from a method called Heart Rate Variability Biofeedback (HRVB). HRVB is relying on 

the fact that we can directly influence our heart rate through our breathing pattern, which will 

consequently affect our emotional state and level of arousal. Research into cardiorespiratory 

coupling has demonstrated that for each person, there exists an optimal breathing speed where the 

amplitude of heart rate oscillations is maximised, typically at around 6 breaths per minute 

(Vaschillo, Lehrer, Rishe, & Konstantinov, 2002). This maximisation of Heart Rate Variability 

(HRV) is accompanied by a shift of the autonomic nervous system towards parasympathetic (rest-

and-digest) dominance, resulting in increased levels of calmness and relaxation.  

Additionally, when people breathe at their optimal speed, they achieve a state called physiological 

coherence, where heart, respiratory, and blood pressure rhythms become highly synchronised 

(Lehrer & Gevirtz, 2014). Because of the resulting amplification effect and synchronisation 

between several physiological systems, this optimal frequency has been dubbed the “resonance 

frequency.” Thus, we will henceforth refer to this type of breathing as Resonance Frequency 

Breathing (RFB). 

In terms of applications, RFB possesses a wide range of benefits. When used on its own, RFB has 

been shown to enhance creativity and artistic skills (Raymond, Sajid, Parkinson, & Gruzelier, 2005), 

reduce stress (Sutarto, Wahab, & Zin, 2012), and increase people’s ability for emotional regulation 
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(McCraty & Zayas, 2014). It has also been successfully applied in the treatment of various physical 

and emotional disorders, such as asthma, hypertension, irritable bowel syndrome, anxiety disorders, 

and depression (for an overview, see Gevirtz, 2013). One specific feature of RFB is that it leads to 

calm alertness, a state where the person feels both relaxed and energised. This is unlike other 

relaxation techniques, where relaxation might be accompanied by increased sleepiness (J. C. Smith 

et al., 2000). Surprisingly, RFB has rarely been used in combination with other therapies, despite its 

ease of use, simplicity, inexpensiveness, and proven efficacy. 

In the light of all these facts, we concluded that RFB would constitute a very suitable complement 

to improvisational music therapy. Indeed, one of the core characteristics of music improvisations is 

to facilitate the expression of difficult or repressed emotions by bypassing the need for verbal 

communication (MacDonald & Wilson, 2014). We, therefore, hypothesised that the addition of 

RFB would support and enhance the benefits that clients already derive from improvisational music 

therapy, for example by helping them regulate the difficult emotions that might arise during 

improvisations. This, in turn, should have a measurable effect on HRV, verbal content, and musical 

expression. 

More specifically, in terms of emotional processing, we postulated that RFB would have two 

distinct and opposite effects: it would ease the already existing negative emotions (leading to less 

arousal), and also favour the emergence of new or repressed emotions (leading to more arousal). 

What ultimately happens in the client would then depend on the nature of the client's issues. 

According to this hypothesis, someone in a permanent state of hyperarousal (e.g. because of anxiety 

disorder or post-traumatic stress disorder) would benefit mainly in terms of stress reduction. On the 

other hand, someone with a higher tolerance threshold would be more likely to experience difficult 

emotions that are normally not expressed. 

This double-effect hypothesis is very relevant for music therapy in general, since music therapists 

are not only dealing with clients presenting emotional disorders, but also with healthy clients 

interested in self-development and self-actualisation (Ahonen & Houde, 2009). It would, therefore, 

be important to apply RFB to healthy and unhealthy clients alike, in order to test whether the effects 

of RFB indeed depend on the person's current needs and emotional situation. In the absence of any 

prior study on RFB combined with improvisational music therapy, we decided to first use the 

method with healthy clients, before applying it to clients diagnosed with specific disorders. 

On a more general level, studying the effect of adjunct methods is justified by the fact that music 

therapists anyway have to choose a session opening method, such as relaxation or an initial 

discussion for example. Since they are an integral part of the therapy, these opening methods have 

an influence on the overall effectiveness of music therapy. However, the impact of session structure 

is something that is not much researched in music therapy. We believe it is important to investigate 

the role of session structure and its various elements, in order to fine-tune the whole “package.” 

Having a good and suitable session opening might be especially crucial in short therapy processes, 

where the time spent in the working phase is limited and would thus benefit from being optimised. 
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2. Method 

2.1 Study design 

The goal of our study was to compare the effect of an experimental intervention (RFB) with the 

effect of a control intervention, using an alternating treatments design. The participant was a 26-

year-old female student with no formally diagnosed mental health issue. The control intervention 

consisted in sitting still while listening to relaxation music. During that time, the client was allowed 

to breathe freely; the only instruction we gave her was to mentally count her exhales in groups of 

four. RFB was used every other session, in alternation with the control intervention, so that the 

client would be compared to herself.  

The whole process comprised 10 weekly sessions, every session starting with either 10 min of RFB 

or 10 min of relaxation, followed by 45 min of music therapy. Odd-numbered sessions started with 

RFB (i.e. session 1, 3, 5, 7, and 9), whereas even-numbered sessions (2, 4, 6, 8, and 10) started with 

relaxation. During the entire length of the sessions, the client was wearing a heart rate monitor (for 

more information, see below). The sessions were filmed with non-intrusive audiovisual equipment. 

Written consent was obtained from the client regarding the filming of the sessions, and the fact that 

the collected material would be used for teaching and/or research purposes. 

2.2 Resonance frequency breathing (RFB) 

In order to keep the experimental intervention as straightforward and uncomplicated as possible, we 

decided not to implement the whole HRVB procedure. This would have required that the client be 

fed back data in real time about his/her heart and respiration rate while performing RFB. Instead, 

we relied on the fact that the resonance frequency of an adult remains largely stable, the main 

influencing factors being gender and body height (Lehrer & Gevirtz, 2014). This allowed us to 

determine the resonance frequency only once at the beginning, and then use a simple breath pacer to 

cue the client during the sessions starting with RFB. 

The client's resonance frequency was determined by using the iteration protocol described by 

Lehrer (2007, Chapter 10), whereby six different breathing speeds in the neighbourhood of 6 

breaths/min were consecutively tested (7, 6.5, 6, 5.5, 5, and 4.5 breaths/min). After 4 min of data 

collection at each of these speeds, we computed and compared the HRV power spectra of each 

measurement, based on the last 3 min of data (for the detailed HRV methodology, see below). The 

optimal speed was defined as the speed that yielded the highest spectral peak in the vicinity of 0.1 

Hz. In this specific case, the client's resonance frequency was 6.5 breaths/min, corresponding to a 

spectral peak at 0.108 Hz. 

When using RFB, another important aspect to consider besides the breathing speed is the 

inhalation/exhalation (i/e) ratio. Generally speaking, we know that HRV is higher when exhalations 

last longer than inhalations (Strauss-Blasche et al., 2000). Furthermore, in a study investigating 

specifically the effect of the i/e ratio when breathing at 6 breaths/min (Diest et al., 2014), 

participants reported more relaxation, positive energy, stress reduction, and mindfulness with a low 

i/e ratio (exhales > inhales), compared to a high i/e ratio (inhales > exhales). In the present study, 

the i/e ratio was set to 40/60, meaning that inhalation lasted 3.7 s and exhalation 5.5 s. 
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Both the resonance frequency assessment and the RFB intervention were performed in the same 

way. Every time, the client was seated in front of a screen and asked to follow the auditory and 

visual cues of a respiratory pacing programme. The client was given the following breathing 

instructions: to use abdominal breathing, to breathe in through the nose and out through the mouth 

with pursed lips, and to keep the breathing shallow and natural so as to avoid hyperventilation. The 

breathing intervention was well-received by the client and did have the expected maximisation 

effect on HRV (see the Results). However, despite the difference in physiological response between 

RFB and relaxation, it should be noted that the client did not report any difference in terms of 

perceived relaxation effect. 

2.3 Music therapy 

Regarding the music therapy part, the chosen model was Integrative Improvisational Music Therapy 

(IIMT), which is a model that was developed at the University of Jyväskylä, Finland, and 

successfully used for the treatment of depression in a randomised controlled trial (Erkkilä et al., 

2011). In IIMT, clients are encouraged to express themselves musically in order to explore their 

thoughts, memories, emotions, and inner conflicts. The therapist is playing together with the client, 

thus creating a shared musical experience. A typical session consists of two alternating phases: an 

improvisation phase—with its focus on imagery, associations, and symbolism—and a verbal phase 

where themes are discussed and reflected upon (Erkkilä, Punkanen, & Fachner, 2012).  

The music improvisations were performed either on a djembé drum or on a malletKAT Pro. The 

malletKAT Pro is a MIDI controller that has the same key layout as a marimba, and is played using 

one or two mallets. In this specific study, it was set to emulate the sound of a vibraphone. When 

improvising together, client and therapist were facing each other and playing the same type of 

instrument. Both the djembés and malletKATs were connected to a computer running Logic Pro 

(version 10.2), which enabled us to record the improvisations in the form of audio data (from the 

djembés) and MIDI data (from the malletKATs). 

3. Data collection and analysis 

Regarding the data collection and its subsequent analysis, we opted for a multi-method quantitative 

approach, whereby the music therapy sessions were analysed from four different angles: HRV, 

session transcripts, video material, and music features. The methodology was quantitative in the 

sense that each data source produced numerical data that would then be analysed statistically and 

compared. This type of data triangulation is a powerful methodology, because it enables the 

researchers to cross-validate and strengthen the findings obtained from each individual data source 

(Flick, 2004). HRV data for example would be more difficult to interpret without any information 

about the corresponding real-life events. Similarly, observational or descriptive data can greatly 

benefit from the addition of objective information such as physiological data. 

3.1 Heart rate variability (HRV) 

3.1.1 Data acquisition and pre-processing 

Heart rate data were acquired using a Suunto Memory Belt, which is the chest strap component of 

the Suunto t6 heart rate monitor. The Memory Belt has a 1000 Hz sampling rate (i.e. 1 ms accuracy), 
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and it has been shown to be reliable when compared to a 5-lead electrocardiogram system 

(Weippert et al., 2010). Data pre-processing and analysis were performed with version 2.2 of 

Kubios, an HRV analysis software developed at the University of Eastern Finland (Tarvainen, 

Niskanen, Lipponen, Ranta-aho, & Karjalainen, 2014).  

Since data were obtained from a young healthy adult with only occasional abnormal heartbeats, we 

relied on Kubios' automatic detection and correction feature to remove artefacts. Kubios performs 

artefact correction on the basis of five sensitivity thresholds. Each threshold defines how much a 

beat-to-beat interval must deviate from the local average before being considered abnormal, with a 

range from “very low” (0.45 sec) to “very strong” (0.05 sec). Following detection, unwanted 

heartbeats are automatically replaced using a cubic spline interpolation method. After examining 

the data for ectopic beats and other artefacts, we selected the minimum sensitivity level needed to 

get rid of the artefacts without affecting the rest of the data.  

Furthermore, before performing the HRV analysis, long-term trends corresponding to very slow 

fluctuations were systematically removed using the smoothness priors approach, with a λ value of 

500 (Tarvainen, Ranta-aho, & Karjalainen, 2002). This approach is roughly equivalent to applying a 

high-pass filter, where the chosen λ value determines the cut-off frequency (in this case, 

500 ≈ 0.035 Hz). Detrending has two benefits: it removes unwanted information from the data and 

renders the heart rate signal more stationary, which is a prerequisite for accurately performing a 

power spectral analysis (Magagnin et al., 2011). 

3.1.2 Chosen metrics 

In the time domain, we calculated the standard deviation of all N-N (beat-to-beat) intervals (SDNN), 

and the root mean square differences of successive N-N intervals (RMSSD). SDNN is a measure of 

overall HRV variance, whereas RMSSD represents the amount of short-term variability. 

In the frequency domain, we performed a power spectral analysis using the Fast Fourier Transform 

(FFT) algorithm, with a data interpolation rate of 4 Hz. We thus obtained power values for the 

following frequency bands: very low frequency (VLF, 0-0.04 Hz), low frequency (LF, 0.04 – 0.15 

Hz), and high frequency (HF, 0.15 – 0.4 Hz). However, since the inclusion of VLF in the analysis 

of short-term measurements is problematic (Task Force, 1996), we only focused on LF and HF. 

Because the results produced by a power spectral analysis are typically not normally distributed, we 

applied a logarithmic transformation (natural log, ln) to the absolute values of LF and HF. We also 

converted those absolute values to normalised units (nu) in order to obtain the relative power 

distribution between LF and HF (in proportion to the total power minus the VLF component). 

Under normal circumstances, HF is a marker of vagal tone and parasympathetic activity (Task 

Force, 1996; Thayer, Yamamoto, & Brosschot, 2010), with high HF indicating that the 

parasympathetic branch of the autonomic nervous system is dominant (low physiological arousal). 

There is, for example, strong evidence suggesting that the practice of meditation results in an 

increase of (relative) HF power (An, Kulkarni, Nagarathna, & Nagendra, 2010; Krygier et al., 2013; 

Wu & Lo, 2008). Conversely, low HF would typically be the result of stress and anxiety (Cohen et 

al., 1998; Schwarz, Schächinger, Adler, & Goetz, 2003).  

Contrary to HF, LF is rather difficult to interpret. Indeed, it has now been established that LF is not 

an index of pure sympathetic activity, but a mix of sympathetic, parasympathetic, and baroreflex 
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influences (Shaffer, McCraty, & Zerr, 2014). This interpretation issue makes it problematic to use 

LF/HF as an index of sympathovagal balance (Reyes del Paso, Langewitz, Mulder, van Roon, & 

Duschek, 2013), which is why we decided not to report this ratio, although it is still widely used in 

the literature. Besides, LF/HF is anyway redundant information with LFnu and HFnu, these three 

measures being mathematically equivalent and displaying a curvilinear relationship (Heathers, 

2014). 

3.1.3 Segmentation and averaging 

Conventional HRV studies usually take place in a very controlled environment, with all the 

participants performing the exact same task during a predefined amount of time. Typically, if the 

researchers are interested in short-term HRV, they will use 5-minute data segments, in accordance 

with the recommendations of the Task Force of the European Society of Cardiology and the North 

American Society of Pacing (1996).  

However, such an approach is not suitable for IIMT. Indeed, music improvisations are by definition 

unique and spontaneous creations that can last any amount of time, from a few minutes to the entire 

length of the session. The same applies to the moments of verbal exchange. In order to adequately 

capture all the moments of interest occurring in a therapy session, we needed a methodology 

flexible enough to be applied to data segments of varying length, while providing enough precision 

and reliability. 

First of all, recent studies have demonstrated that many of the commonly-used HRV metrics remain 

reliable in short-term measurements lasting less than 5 min (Salahuddin, Cho, Jeong, & Kim, 2007; 

A.-L. Smith, Owen, & Reynolds, 2013). However, when performing a power spectral analysis, a 

minimum of 2 min is required for accurately capturing both the LF and HF components of heart rate 

oscillations (Berntson et al., 1997). Furthermore, a general rule for HRV measurements is that one 

should only compare data segments of equal length (Task Force, 1996). Taking all these facts into 

account, we decided to use exclusively 2-minute data segments in our analysis.  

In order to achieve the desired flexibility, we used the approach suggested and validated by 

Rivecourt et al. (2008). The authors showed how the average of several overlapping 2-minute 

segments can be used to reliably estimate the mean spectral values of a longer data segment. 

Therefore, we chose a methodology based on the averaging of multiple 2-minute segments, with a 

segment overlap of 50%. This enabled us to analyse therapy moments of any length—provided that 

they lasted at least 2 min—with a time resolution of 1 min, as determined by the amount of segment 

overlap. SDNN and RMSSD were calculated together with the spectral values, using the same 

averaging method. 

3.2 Text and video materials 

The content analysis of the therapy sessions focused on the client, and took into account both the 

verbal and non-verbal communication occurring between client and therapist. The two data sources 

used in the analysis were the video recordings and transcripts of the therapy sessions. Although 

these typically constitute the source material of qualitative research, in this study we opted for a 

quantitative approach, in order to allow proper juxtaposition and comparison with the other (purely 

numerical) data sources.  
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Verbal interactions were analysed with the help of the CM software (version 4.3), a computer-based 

text analysis tool developed by Mergenthaler (1996, 2008). This automated tool was designed to 

identify emotion-abstraction patterns in session transcripts, in accordance with the Therapy Cycle 

Model (TCM; see Mergenthaler, 1996). The TCM and related software are school-independent, 

meaning they are applicable to a wide range of psychotherapeutic approaches, provided there is 

sufficient verbal content to be analysed.  

To perform the analysis, CM relies on two thematic dictionaries
1
, one for affective language 

(emotion words) and another for conceptual language (abstract words). When applied to session 

transcripts, it measures the density of emotion and abstract words in a given text unit, resulting in a 

frequency distribution for each category. Furthermore, the identified words are given a valence 

label: positive (A) or negative (B) for emotion words, and positive (C), negative (D), or neutral (E) 

for abstract words. By combining the positive and negative words of both categories, two new 

categories are created that reflect the valence of the overall emotional tone (ET): positive ET (A + C) 

and negative ET (B + D). 

In the present study, each therapy session was first transcribed according to the transcription 

standards defined by Mergenthaler and Stinson (1992). The application of these standards is 

required for the CM software to properly analyse the text. We then performed a corpus analysis of 

all the 10 sessions, each session representing one unit of analysis. The results gave us the relative 

frequency of each of the four categories mentioned above (Emotion, Abstraction, Positive ET, and 

Negative ET).  

Using the video material as the data source, we also focused on one specific aspect of non-verbal 

communication, namely on an idiosyncratic form of smiling. Indeed, while watching the video 

recordings, we noticed that the client tended to exhibit a type of tense and bitter smile whenever the 

discussion became emotionally challenging. Consequently, we created the category Negative Smile 

and counted its relative occurrence in each session. The result was expressed as a proportion of the 

total session duration.  

3.3 Music features 

For the music analysis, we only used data extracted from the client’s malletKAT improvisations. 

Indeed, malletKAT improvisations were performed in every session except one, whereas djembé 

improvisations only took place in six sessions out of ten, making them too infrequent to be included 

in a comparative experiment. There was a total of 11 malletKAT improvisations, the client 

performing usually one improvisation per session, except in sessions 1 and 8 where she performed 

two. All the improvisations were analysed separately. Their average length was 10 min 28 sec, the 

shortest improvisation lasting 3 min 20 sec and the longest 40 min 37 s.  

In order to access the numerical data contained in the MIDI files and run descriptive statistics, we 

first converted each MIDI file into Comma-Separated Value (.csv) text files. For each improvisation, 

we then extracted the following information: the lowest note played (note_min), the highest note 

played (note_max), how hard each note was played (velocity), and how many notes were played 

(number). Velocity is a way of measuring the volume of a note, since the harder we hit a key, the 

                                                 
1
 For more information on the development of these dictionaries, see Mergenthaler (1996). 
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louder the note. In MIDI data, pitch and velocity information is represented as a number ranging 

from 0 to 127 (in the case of pitch, 0 is C1 and 127 is G9, whereas for velocity, 0 is the softest 

possible keystroke and 127 the hardest). Regarding the amount of notes, it is based on the total 

number of note onsets. 

The analysis itself focussed on the notes’ range (note_min, note_max), the amount of total variation 

in pitch (note_SD), the amount of total variation in dynamics (velocity_SD), and the amount of 

notes played (number). Additionally, we also looked at how long the improvisations were (length). 

4. Results 

The four data sources were first analysed separately, using independent samples t-tests to compare 

the means obtained under condition 1 (RFB) and under condition 2 (relaxation). We then performed 

a correlation analysis to identify possible associations between the data sources. For an overview of 

all the metrics included in the analysis, as well as the corresponding measurement units, see Table 1. 

 

Table 1. Measurement units 

HRV  

SDNN, RMSSD ms 
LF, HF ms2, log transformed (natural log, ln) 
LFnu normalised units: LF / (total power - VLF) 
HFnu normalised units: HF / (total power - VLF) 
HR beats/min 

Content analysis  

Emotion, Abstraction, 
Positive ET, Negative ET 

% of total amount of words in the session 

Negative smile % of total session duration 

Music features  

velocity_SD, note_SD, 
note_min, note_max 

MIDI value (0-127) 

length s 
number number of notes 

 

As can be seen from Table 2, during the initial intervention, RFB produced significantly higher 

levels of SDNN (overall HRV) than the relaxation intervention, which was to be expected. 

Additionally, there was a stronger concentration of spectral power in the LF band during RFB than 

during relaxation, both in absolute terms (LF) and relative terms (LFnu). This was also an expected 

result, since one characteristic of RFB is to produce a spectral peak around the resonance frequency 

(0.108 Hz), which is located in the LF band. As a side note, this co-occurrence of high HRV and a 

massive increase in LF power should be seen as an exception that only happens when performing 

RFB. Indeed, when breathing normally, increased relaxation would typically be accompanied by 

increased HF power (absolute and/or relative), since HF is the usual marker of parasympathetic 

activity under normal circumstances. 
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Table 2. Results of t-test for HRV measures 

 Initial intervention      

 RFB  Relaxation 95% CI for Mean 
Difference 

    

 M SD n  M SD n t df p dc 

Initial intervention             

 SDNN 104.06 20.78 5  67.46 11.22 5 12.25, 60.95 3.47** 8 .008 2.45 

 RMSSDa 76.03 23.40 5  64.57 12.76 5 -16.03, 38.94 0.96 8 .365  

 LF 9.07 0.37 5  7.39 0.58 5 .97, 2.38 5.49** 8 .001 3.88 

 HF 6.92 0.66 5  7.35 0.48 5 -1.27, .42 -1.16 8 .278  

 LFnub 87.82 4.93 5  52.00 18.91 5 12.66, 58.99 4.10* 4.54 .011 3.85 

 HFnub 12.16 4.92 5  47.96 18.88 5 -58.92, -12.67 -4.10* 4.54 .011 3.85 

 HR 66.90 3.47 5  66.68 5.39 5 -6.39, 6.83 0.08 8 .941  

Malletkat improsd             

 SDNN 46.30 8.63 6  54.98 13.06 5 -23.51, 6.15 -1.32 9 .218  

 RMSSD 61.43 15.78 6  73.79 15.40 5 -33.75, 9.02 -1.31 9 .223  

 LF 6.58 0.32 6  6.48 0.62 5 -.55, .76 0.36 9 .729  

 HF 6.18 0.58 6  6.78 0.49 5 -1.34, .13 -1.85 9 .098  

 LFnu 60.55 4.50 6  42.50 4.97 5 11.60, 24.51 6.33** 9 <.001 4.22 

 HFnu 38.92 4.55 6  56.89 4.66 5 -24.27, -11.67 -6.45** 9 <.001 4.30 

 HR 58.85 2.68 6  56.98 1.69 5 -1.27, 5.01 1.34 9 .212  

Verbal interaction             

 SDNN 81.05 15.01 5  80.02 11.99 5 -18.78, 20.84 0.120 8 .907  

 RMSSD 79.59 18.36 5  85.68 15.07 5 -30.58, 18.41 -0.573 8 .582  

 LF 8.02 0.34 5  7.82 0.34 5 -.29, .70 0.943 8 .373  

 HF 7.65 0.43 5  7.82 0.33 5 -.73, .39 -0.708 8 .499  

 LFnu 58.76 7.01 5  49.99 2.94 5 .94, 16.61 2.58* 8 .033 1.82 

 HFnu 41.17 6.99 5  49.94 2.93 5 -16.58, -.94 -2.58* 8 .032 1.82 

 HR 63.40 2.27 5  62.54 4.18 5 -4.05, 5.76 0.403 8 .697  
a 
Values were not normally distributed. A Mann-Whitney U test confirmed the non-significance of the result 

(U = 7, p = .251). 
b
 Equal variances not assumed (Levene’s test was significant with p < .05). 

c
 Formula used to calculate the effect size (Cohen’s d): 2│t│ / √ df  

d
 Each malletKAT improvisation was considered separately. There was one such improvisation per session, 

except for session 6 (no malletKAT improvisation), and sessions 1 and 8 (two improvisations each). 
*
p < .05, 

**
p < .01 

 

Regarding the effects of RFB on the rest of the music therapy session, significant effects were 

found  for LFnu and HFnu, both during verbal interaction and malletKAT improvisations (see Table 

2). In both cases, RFB was followed by higher LFnu and lower HFnu, compared to sessions starting 

with relaxation. As indicated above, lower HFnu can be interpreted as lower parasympathetic 

activity. In other words, the client was apparently experiencing more stress and negative emotions 

during the sessions starting with RFB, and this effect was visible while talking and improvising. We 

found no significant difference between conditions 1 and 2 in the remaining HRV measures (see 

Table 2). 

The idea that sessions starting with RFB were emotionally more challenging for the client was 

corroborated by the findings of the content analysis. Indeed, there was a statistically significant 

difference in Negative Smile between conditions, with more Negative Smile in sessions starting 
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with RFB (see Table 3). Furthermore, when considering sessions 4-10, the amount of emotional 

words was systematically higher after RFB than after relaxation, and the overall emotional tone also 

tended to be more negative after RFB, but the latter result only approached statistical significance 

(p = .062). Here are a few examples of the difficult topics that emerged: disappointment, frustration, 

panic, fear, feeling empty inside, and feeling trapped. 

 

Table 3. Results of t-test for the content analysis (verbal and non-verbal interaction) 

 Initial intervention      
 RFB  Relaxation 95% CI for Mean 

Difference 
    

 M SD n  M SD n t df p db 

All sessions             

 Emotion 5.40 1.04 5  4.43 0.50 5 -.22, 2.17 1.88 8 .097  

 Abstraction 5.47 1.13 5  6.33 1.14 5 -2.51, .79 -1.20 8 .264  

 Positive ET 3.63 1.01 5  3.69 0.71 5 -1.34, 1.21 -0.12 8 .908  

 Negative ETa 2.26 1.02 5  1.30 0.35 5 -.29, 2.21 1.98 4.94 .106  

 Negative Smile 1.86 0.78 5  0.68 0.57 5 .17, 2.18 2.70* 8 .027 1.91 

Sessions 4 to 10             

 Emotion 5.84 0.80 3  4.45 0.58 4 .07, 2.72 2.70* 5 .043 2.42 

 Abstraction 6.18 0.81 3  6.15 1.22 4 -2.08, 2.14 0.04 5 .971  

 Positive ET 3.78 1.37 3  3.49 0.63 4 -1.65, 2.24 0.39 5 .712  

 Negative ET 2.65 1.01 3  1.41 0.31 4 -.09, 2.58 2.39 5 .062  

 Negative Smile 2.23 0.84 3  0.53 0.54 4 .38, 3.02 3.31* 5 .021 2.96 

The results are all relative values, i.e. percentage of total amount of words (for verbal content), and 

percentage of total session duration (for Negative Smile). 
a
 Equal variances not assumed (Levene’s test was significant with p < .05). 

b
 Formula used to calculate the effect size (Cohen’s d): 2│t│ / √ df  

*
p < .05 

 

Interestingly enough, Positive ET did not display any significant difference between conditions, 

which means that positive and negative emotional tone should be seen as two independent 

dimensions, rather than two ends of the same spectrum. This result is in line with findings from 

mood research, where negative affect and positive affect have been found to be two largely 

independent dimensions (Watson, Clark, & Tellegen, 1988). As to the presence of conceptual 

language, there was no difference either between RFB and relaxation. Instead, starting from session 

3, we observed a steady increase of abstract content, independently of the initial intervention (see 

Figure 1). 

In terms of correlations involving the content analysis and HRV measures during verbal interaction, 

we found a negative relationship between Emotion and HFnu (r = -0.64, p = .048, n = 10), 

indicating that higher emotional content was accompanied by higher levels of stress. No further 

correlations were found between the remaining measures of verbal/non-verbal content and HRV  
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Figure 1. Emotional and abstract content in the client’s verbal expression. 

 

during verbal interaction. However, we found a positive correlation between Negative Smile and 

Negative ET (r = 0.68, p = .03, n = 10), which became especially strong in the second half of the 

therapy process (r = 0.97, p = .007, n = 5; see Figure 2). This finding strengthens our hypothesis 

that the non-verbal event we called Negative Smile is indeed linked to the expression of negative 

emotions in this particular client.  

 

 

Figure 2. Comparison between the amount of negative smile and negative emotional tone. 

 

Turning now our attention to the music features of the malletKAT improvisations, no music feature 

displayed any statistically significant difference between conditions 1 and 2. There was, however, 

one noteworthy correlation involving velocity_SD and HRV during improvisations: velocity_SD 
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correlated negatively with HFnu, meaning that increased stress levels (low HFnu) were 

accompanied by more variation in dynamics (i.e. volume levels were less constant). The detailed 

results of this correlation analysis can be found in Table 4. 

 

Table 4. Correlation coefficients between music features (malletKAT) and HRV (malletKAT) 

  HRV measures 
  SDNN RMSSD LF (ln) HF (ln) LFnu HFnu HR 

Music features         

velocity_SD r -.36 -.41 .16 -.32 .62
*
 -.61

*
 .59 

note_SD r .12 .00 .52 .20 .37 -.37 .24 

note_min r .17 .15 -.46 -.11 -.42 .41 -.40 

note_max rs .15 .32 .50 .02 .24 -.24 .16 

length rs -.01 .05 .50 .14 .04 -.04 .20 

number rs -.10 .06 .43 -.05 .34 -.34 .35 

n = 11 for all analyses.  

Each malletKAT improvisation was considered separately 
*
p < .05 

 

Table 5. Correlation coefficients between music features (malletKAT) and verbal/non-verbal content 

  Content analysis 

  Emotion Abstraction Positive ET Negative ET Negative Smile 

Music features      
 

velocity_SD r .57 -.57 .43 .01 .20 

note_SD r .74
*
 -.51 .76

*
 .03 .38 

note_min r -.47 .45 -.80
**
 .25 -.23 

note_max rs .52 -.63 .68
*
 -.27 .36 

length rs .28 -.24 .83
**
 -.67

†
 -.12 

number rs .70
*
 -.59 .72

*
 -.10 .22 

n = 9 for all analyses.  

Session averages were used for the malletKAT improvisations. 
*
p < .05, 

**
p < .01, 

†
p = .05  

 

Furthermore, we found several significant correlations between the music features of the 

malletKAT improvisations played in a given session and the emotional content of the verbal 

exchange that took place in that same session. As shown in Table 5, when emotional content 

increased, the client played more notes and used a wider range of notes. When Positive ET 

increased, the client played longer, used more notes and a wider range of notes, and both the lower 

and higher register expanded. Lastly, when Negative ET increased, the client played shorter 

improvisations. 

5. Discussion 

The purpose of this study was to investigate the effects of resonance frequency breathing (RFB) on 

autonomic functioning, emotional processing, and musical expression during improvisational music 

therapy. Because of the ability of RFB to dramatically increase HRV in the short term, and given its 

successful implementation in the treatment of various emotional disorders, we hypothesised that the 
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addition of RFB would be beneficial to the therapy process. 

The results showed that RFB, as an initial intervention, did have an effect that distinguished it from 

relaxation, both immediately and during the music therapy session that followed. This effect was 

visible in the HRV data, as well as in the verbal and non-verbal content. As expected, RFB 

increased relaxation levels while it was being performed, with higher HRV during RFB compared 

to music listening. However, during the rest of the session, RFB was followed by reduced 

parasympathetic activity (more stress) while talking and improvising, more emotional content while 

talking, and more negative smiling. We also found a trend towards more negative emotional tone 

after RFB.  

The fact that the client was experiencing more stress in the sessions starting with RFB might appear 

paradoxical, given the relaxation effect that we would expect from RFB. To solve this apparent 

paradox, it is important to distinguish what happened during the breathing from what happened 

afterwards. During the breathing itself, RFB did have the expected relaxation effect. As to the rest 

of the session, we should keep in mind that the participant was a healthy client with no emotional 

disorder. As we explained in our hypotheses, one of the effects we expected from RFB was the 

emergence of negative emotions, which in turn would lead to more arousal. Our triangulation 

approach confirmed that the increased stress was indeed connected with more difficult emotional 

topics. This can be considered a good thing from a therapeutic perspective, provided of course that 

the client was able to handle the increased stress levels. So the question is, was it a problem for the 

client to confront her issues and be more stressed while doing so?  

Based on the results presented here, we believe the answer is no. Indeed, the fact that the client 

expressed and explored these emotions together with the therapist indicates that she was able to face 

these emotions and “stay” with them. In other words, appropriate emotional regulation did take 

place alongside the emotional activation. Additionally, we saw that the relative amount of 

conceptual language steadily increased from the third session onwards, which indicates that she was 

able to verbally process the negative emotions that emerged during therapy. 

However, one thing we cannot know for certain is the extent to which RFB actually increased the 

client’s window of tolerance, or whether this window remained unchanged. Indeed, it might be that 

the amount of negative arousal just happened to take place inside the client's usual boundaries, 

without there being any improvement in flexibility and tolerance. Although prior studies indicate 

that RFB does have a positive effect on emotional regulation (McCraty & Zayas, 2014), in the 

absence of direct measurements, this last point remains an open question.  

Another question that remains unanswered is the duration of the effect that can be attributed to RFB. 

Was the RFB intervention influencing the entire music therapy session that followed, or only a part 

of it? We know from existing studies that a carry-over effect does exist, at least on HRV and in the 

short term. For example, Karavidas et al. (2007) and Zucker et al. (2009) both reported increased 

SDNN during the 5-minute resting period immediately following RFB, when compared to the pre-

intervention resting period. However, we do not know how long this beneficial effect on HRV 

actually lasts, and what would be the factors responsible for intra- and inter-individual variations.  

Anyway, in the case of RFB used as a preparatory intervention within music therapy, the question 

of carry-over effect cannot be answered satisfactorily by studying only the impact on HRV at rest. 
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Indeed, in our proposed model (RFB followed by IIMT), the client is not resting but actively 

engaged in therapy, which is arguably a rather different activity. Actually, given the characteristics 

and common qualities of RFB and IIMT, we would like to propose that the two methods are in fact 

supporting each other, with IIMT not only maintaining but also amplifying the process initiated by 

RFB. If such is indeed the case and a positive feedback loop is created, it would mean that the 

effects of RFB can be sustained for the entire length of the therapy session. 

Regarding the effects of RFB on HRV, we only found significant differences between conditions in 

relative HRV measures (LFnu and HFnu), and none in absolute measures (SDNN, RMSSD, LF, 

HF). This is very likely due to the fact that in the same individual, natural variations in absolute 

HRV measures can be quite strong from one recording to the next, typically between 10 and 30% 

(Sandercock, Bromley, & Brodie, 2005). Therefore, a true effect might not be detected if the 

difference in absolute HRV measures following an intervention is lower than this natural intra-

individual variability. Because they are expressed in the form of ratios and proportions, relative 

HRV measures are obviously not affected by this problem. 

From the four data sources under investigation, only the music features did not display systematic 

fluctuations that could be attributed to the preparatory intervention. We did find, however, a link 

between certain music features and HRV levels during the corresponding improvisations, as well as 

with the emotional valence of the verbal interaction taking place in the same session. To summarise, 

when positive emotional tone increased, the client used a wider range of notes and played longer 

improvisations. Moreover, when she was calmer, improvisations were more monotonous and stable 

in terms of loudness. Quite obviously, further studies with a similar set-up are required in order to 

find out whether these associations are generalisable beyond this specific client. 

The findings of the present study are in line with the hypothesis that healthy clients will experience 

increased stress levels during therapy as a result of RFB, conceivably because they possess a higher 

tolerance threshold than clients with emotional disorders. However, in order to truly test whether 

the effects of RFB are adaptative and dependent on the client's needs, it would be necessary to 

conduct further studies with more participants, including client groups having a specific diagnosis. 

Indeed, although the results seem promising, it is not possible at this stage to make any strong 

statement or to generalise the findings to a larger population.  

Lastly, besides studying the effects of RFB on therapy processes, it would also be useful to add 

outcome measures and investigate whether these effects are clinically relevant. If the positive 

effects on emotional processing are confirmed and a clear link to better therapeutic outcomes can be 

established, it would open the possibility for more effective and shorter therapy, as well as reduced 

healthcare costs. 
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