
A Soundscape Healing Environment:  

An Exploratory Study of the Relationship  

Between Therapeutic Sound Frequency and Outcomes for Clinical Care Settings  

by 

Angela Diane Tate 

 

 

 

 

 

A Thesis Presented in Partial Fulfillment  

of the Requirements for the Degree  

Master of Science in Design  

 

 

 

 

 

 

 

 

 

 

Approved April 2022 by the 

Graduate Supervisory Committee:  

 

Diane Bender, Chair 

John Takamura 

Gerri Lamb 

 

 

 

 

 

 

 

 

 

 

ARIZONA STATE UNIVERSITY  

May 2022  



  i 

ABSTRACT  

 

The catalyst for this research was rooted in a patient satisfaction survey reported 

the need for an ambient quiet setting. This study used a descriptive comparative design 

augmented with qualitative data. The sample consisted of 54 participants came from one 

of three primary care clinics listened to 22 minutes of existing natural clinical sounds 

while the others listened to therapeutic sound hertz in a treatment room. The survey data 

correlated identify if an association existed or not to add therapeutic soundscape hertz 

back into a clinical ambient setting could affect the patient experience and wellness. 

Rather than, continue with abatement program efforts to remove unwanted sounds or 

mask the noise. Quantitative data were collected on mood states and biometric measures 

consisted of respiratory, heart, pulse systolic, and diastolic blood pressure rates. 

Qualitative data 5-Point Likert scale and open-ended questions determined participants' 

awareness of ambient sounds within the clinical setting. Data from participants were 

analyzed and compared separately for each clinic. The metrics were found to be 

statistically correlated (p<0.05) for the POMS-A survey and biometric measures using a 

Chi-square test. After the intervention, two clinics reported a 60%, and the third clinic an 

80% mood state changes. Clinic 2-M reported the greatest significant mood state change. 

The t-Test validation biometric measures showed no significant evidence among the test 

and control groups for Clinic 1-L (396, 417, 444 Hz). Clinics 2-M (528, 639 Hz) and 

Clinic 3-H (714, 852 Hz) did share significant evidence to respiratory, heart, and systolic 

blood pressure rates. The respondents revealed 27% had a positive opinion of the 

therapeutic sound hertz perceived as silent or quiet, 59% had a negative opinion of 

unwanted sounds included communication as disruptive, and 16% felt the clinic’s 
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physical design was poor. As a whole, this study indicates exposing patients to 

therapeutic sound hertz had a positive impact on their biopsychosocial wellness states. 

The value and novelty of this study show by adding selective distinct therapeutic sound 

hertz levels back into the clinic setting have profound implications for future researchers 

to build upon how the quality soundscape performance effects on the patient. 
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CHAPTER 1 

 INTRODUCTION 

“An expanding body of knowledge has begun to link the physical 

environment with human physiological responses to a built space and the 

building to its environment, though there remains a largely unused body of 

rigorous biological research that describes the link between the 

environment and health, well-being, and performance. The translation of 

biomedical research now enables evidence-based design to look to the 

biological bases of human needs, relevant to all built settings and all 

people.” – Edelstein (2008, pg. 54) 

The United States Health Care Reform (HCR) policy has forever changed the 

landscape for healthcare. In 2010, the Institute for Health Improvement (IHI) developed 

an approach to optimize health system performance to simultaneously pursue three 

dimensions, called the Triple Aim. These dimensions are to improve the following: 

patient experience of care, health of populations, and reduce cost per capita of healthcare. 

This impact on the healthcare system has influenced the practice of healthcare design. 

Both practitioners of the design and the medical communities must recognize how to 

meet the new HCR quality standards. This requires a collaborative interdisciplinary 

design approach that recognizes the physical building as a   

concrete influence on how patient care is delivered. In many cases, it is the 

opinion of the medical community that design decisions are a result of what has been 
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encased in steel, and these decisions create change in the practice environment and 

influence the patient and family experience (Porter-O’Grady & Malloch, 2010). It is 

widely understood that the hospital environment affects the patient’s experience when 

admitted and treated in clinical spaces. At an ambulatory chemotherapy department, this 

study points out that personalized and targeted music interventions should go hand in 

hand with personalized medicine (Bro, Johansen, Vuust, Enggaard, Himmelstrup, 

Mourits-Andersen, Brown, D’Amore, Wreford, Abildgaard & Gram, 2019). Research on 

healthcare design and planning has highlighted strong relationships between 

environmental characteristics and human health (Monti, Agostini, Dellabartola, Neri, 

Bozicevic, & Pocecco, 2012).  

Accordingly, a well-integrated patient-centered care model must focus on the 

hospital environment’s ability to reduce negative effects of patient hospitalization. One 

element of the hospital environment is the sensory experience. The hospital soundscape 

ecosystem may have a direct impact on patient care.  Sound is an environmental sensory 

characteristic often associated as a negative aspect within the healing space. It is 

worthwhile to consider how subjective responses to hospital sounds can be made more 

positive (Mackrill, Jennings & Cain, 2014). Although there can be negative health 

consequences of excessive sound within these spaces (Ulrich, 1992), there is potential for 

positive benefits in understanding and maintaining the soundscape of the patient-care 

environment (Mackrill et al., 2014). This suggests the ambience of space has an effect on 

the people within it (Schweitzer, Gilpin & Frampton, 2004).   
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This study will examine how manipulating the soundscape environment by 

utilizing therapeutic sound frequency intervention can improve the healing process at a 

biopsychosocial level for a well-integrated patient-care model.  The architectural and 

design community have excelled to reduce and remove all types of sounds from hospital 

patient-care clinical spaces. Design practitioners have a responsibility to address the 

sound issues and present innovative solutions to not just remove from a hospital clinical 

setting, but to create a therapeutic clinical soundscape ecosystem for ambulatory centers, 

clinics of all types, and standalone health care patient facilities. Limited research has 

been done to investigate these design strategies and their impact on sound levels in 

patient care environments (Wang, Downs, Farell, Cook, Hourihan, McCreery, 2013). A 

disseminated therapeutic sound frequency may radically improve a patient’s experience 

and perception of healing in a quieter environment during a clinical visit.  

This chapter introduces the issue of hospital soundscapes and the necessity to add 

positive therapeutic sound frequency back into patient-care clinical spaces. The proposed 

dissemination of therapeutic sound into a healing space ultimately will satisfy the HCR 

Triple Aim to optimize the overall health system performance for the patient, the 

provider, and the community.  Additionally, the significance, justification, scope, and 

delimitations of this study are discussed. Finally, the key operational terms and 

definitions are elucidated.  
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1.1 Background 

 

Since 1960, there has been a consistent trend of rising levels of sound (Busch-

Vishniac, West, Barnhill, Hunter, Orellana, & Chivukula, 2005). The driving factors for 

these rising levels of sound point to the advancement of technology, population growth, 

increased life expectancy, and medical advances.  The utilization of sound interaction in 

the healthcare and healing environment can have either a positive or negative effect on 

people goes beyond the hospital landscape to ambulatory centers, clinics of all types, and 

standalone patient facilities. Routinely unwanted sounds, like operational noise and 

equipment, have been characterized as a top complaint of hospital patients, medical staff, 

and visitors (Bliefnick, Ryherd, & Jackson, 2019) Operational noise today is seen in 

various types of ambulatory centers and clinics of all types does not discriminate from 

noise issues just in hospitals only. The importance of unwanted sound in a healthcare and 

healing environment has been acknowledged for decades, as written in the 1859 book by 

the noteworthy founder of modern nursing, Florence Nightingale who stated, 

“Unnecessary noise, then, is the most cruel absence of care which can be inflicted either 

on the sick or the well.” (Nightingale, 1860, pg. 63, 64). In a study of 4,115 patients in 32 

Berlin hospitals, researchers found that chronic noise increased the risk of heart attacks 

by 50 percent for men and 75 percent for women (Willich, Wegscheider, Stallmann & 

Keil, 2006). In a hospital environment, where people are already ill and psychologically 

stressed, as Florence Nightingale stated, unnecessary noise can be very harmful. A 

clinical setting can be stressful like a surgical operating room a study reported some 
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patients receiving music intervention experienced clinically after surgery reduce use of 

analgesics and reduced pain (Kühlmann, De Rooij, Kroese, Van Dijk, Hunink & Jeekel, 

2018). In contrast, excessive noise and poor sound environments can potentially reduce 

healing, create stress, contribute to poor communication, and lead to potential medical 

errors.  

The health care medical clinics and hospital cacophony of sounds consists of a 

complexity of alarm systems designed to alert the medical team to patient needs. The 

overall noise levels often exceed World Health Organization (WHO) guidelines. The 

WHO guidelines on community noise (unwanted sounds) include noise as an important 

issue when addressing public health matters (World Health Organization, 1999). Many 

sounds are annoying, disturbing, and disquieting, but other sounds are pleasant, 

reassuring, relaxing, and even necessary, like exchange of the verbal information between 

patients and staff.  In recent years, noise controls have emerged and taken on a more 

sophisticated approach. Soundscape strategies are complex sound environments, which 

embrace positive sounds as well as annoying ones (De Ruiter, 2015). Largely, the 

medical and design communities have addressed these sounds through the 

implementation of noise reduction or abatement programs to mask off unwanted and 

annoying sounds from the clinical care environments. 

1.2 The Power of Sensory Stimuli  

It is suggested to not just remove sound, but to add sound back into the 

environment to create a positive therapeutic place for patient biopsychosocial healing. To 
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the contrary, sound may also be carried in the space as a positive distractor. The 

interaction between stress and environmental stimuli such as light and sound are relevant 

to patients, visitors, and staff.  For example, Ulrich’s landmark (1984) study examined 

the sensory element of natural day light. Ulrich examined whether an assignment to a 

hospital room with a window view of a natural setting might have restorative influences 

over a room without a view. Twenty-three surgical patients assigned to rooms with 

windows looking out on a natural scene had shorter postoperative hospital stays, received 

fewer negative evaluative comments in nurses' notes, and took fewer potent analgesics 

than matched patients in similar rooms with windows facing a brick building wall 

(Ulrich, 1984). Likewise, sound included in the environment as a positive distractor, like 

the effects of ocean sounds on postoperative coronary artery patients, scored significantly 

higher on self-reported sleep (Williamson, 1992). Studies also confirm the value of music 

intervention, which appears to be useful in managing chronic pain and significantly 

reducing medication consumption (Guétin, Giniès, Siou, Didier & Picot, 2012; Kühlmann 

et al, 2018).  

Music intervention for patients also have beneficial effects on environmental 

appraisals (Dijkstra, Pieterse & Pruyn, 2006). Although music is an environmental 

stimulus that can easily be applied to change the atmosphere of an environment, 

empirical evidence on the effects of music as being part of the shared healthcare 

environment is still limited (Dijkstra et al. 2006; Ulrich et al., 2004).  
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1.3 Sound Frequency Intervention  

“Life is too short to live out of tune. Tune up, tune in, and release the 

sound of healing everywhere you go. The human body is no different. 

When the cells of the body are in tune with each other, the body functions 

flawlessly and resonates with life. When the body is in a state of disease, it 

is out of tune with itself and in need of cellular intonation.”  

(Tyrrell, 2014, pg. 80, 88)  

Sound frequency interventions are defined sound frequency represents continuous 

and regular vibrations that can be heard as they?  travels through the air to reach a 

person’s ear. Sound frequency vibrations are found in musical tones. They resonate 

through the physical body to the cellular level. The human body is wired to be exquisitely 

sensitive to sound frequencies, as the body is largely composed of water. This enables the 

body to conduct sound at a rate approximately four times faster than air to "hear" the 

pressure waves of sound through one’s skin (McRusick, 2016).  For example, a medical 

treatment known as Vibroacoustic Sound Therapy (VST). VST incorporates both music 

therapy and sound frequencies arranged in such a way that the sound currents travel 

directly through the body (McRusick, 2016). A study with 33 patients who underwent 

knee replacements or revisions produced a 21 percent reduction of tension after patients 

received selective low frequency (SLF) physioacoustic treatment post surgically. The 

experimental group went home an average of one half-day earlier, used less pain 

medication, and expressed more satisfaction with the care they received than did control 

group subjects (Boyd-Brewer, 2003). 
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This study supports the notion that music has an environmental sound frequency 

pattern. The environmental effects sound has on the physiologic and emotions is a valid 

intervention to accelerate healing may significantly be beneficial to lower systolic blood 

pressure, arterial pressure, mood shifts, anxiety, depression, and pain experience (Schorr, 

1993). The physical environment can contribute or aggravate the biopsychosocial 

problems. Healthcare design teams and stakeholders may closely examine the 

relationship between the dissemination of positive therapeutic sound frequency for a 

well-integrated patient-care clinical model. This chapter will provide a general overview 

of these topics discussed in the study as well as the importance of connecting the 

environment’s sound frequency to explore the patient’s biopsychosocial effects within a 

clinical setting. Thus, the health care design community can better translate evidence-

based patient biomedical information to improve the application of design principles for 

the health care environments (Edlestein, 2008).  

1.4 Significance 

This section will explore the importance to add therapeutic sound frequency hertz 

levels back into a clinical setting. It will introduce the relationship between therapeutic 

sound frequency hertz, the patient experience, and the physical built environment.   

Health care design practitioners have benefited from the 21st century emphasize 

on quality, patient centered care, and safety are just a few of the substantial 

improvements in the quality of health care over the past 10 years. The initiative to reduce 

the effects of unwanted sounds in clinical settings is a safety and quality performance 

issue in of improvement.  The Institute of Medicine’s (IOM) Crossing the Quality Chasm 
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(2001) focused on quality improvement to improving safety, quality, and patient care 

outcomes. These organizations analyzed the systems behind inadequate quality of care, 

may provide a new framework for healthcare design (Porter-O’Grady & Malloch, 2010). 

It is imperative to address the soundscape noise levels in health care is known to impact 

patients’ ability to recover from the night noises, while the medical staff experience alarm 

fatigue can cause increased medical errors. Organizations like IOM have validated the 

design community to resolve the noise system issues related to care and building 

operations. This becomes a quality improvement strategic need to eradicate, if at all 

possible, such soundscapes of noise that can harm patient and its staff justifies the need to 

incorporate evidence-based solutions to add the positive distraction of sound hertz may 

prove to improve patient care and staff resilience just by manipulating the health care 

clinical soundscape.  

Intensive care unit (ICU) psychosis or delirium has been directly linked to 

environmental stressors such as noise, sleep deprivation, and social isolation (Lorenz 

2007). Noise is responsible for increased patient agitation, stress, followed by low pain 

thresholds due to illness. Unwanted sounds cause increased medication errors, longer 

lengths of stay, and other complications. Such environmental noise has been shown to 

significantly affect sleep and patient’s perceptions of their ability to heal. In addition, 

Lorenz (2007) states that noise can alter the immune system, thereby impeding healing 

and recovery. Research supports that the rehospitalization rate is statistically significantly 

higher in settings with bad acoustics (Dijkstra, Pieterse & Pruyn, 2006). In 2018, medical 
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providers of 2,599 medical clinics faced readmissions penalties this year (Fontana, 2020). 

The significance to reducing noise in the clinical settings has direct financial impact on 

revenues.  

Three key organizations, The World Health Organization (WHO), the 

International Noise Council (INC), and the Environmental Protection Agency (EPA), 

have set environmental noise standards (Konkani and Oakley, 2012).  Research and 

evidence-based design indicates that excessive noise comes within and around the patient 

rooms, and overall noise levels often exceed World Health Organization (WHO) 

guidelines (Okcu, Ryherd, Zimring, & Samuels, 2011). Excessive noise and poor sound 

environments reduce healing, create stress, and contribute to poor communication and 

potential medical errors (Okcu, Ryherd, Zimring, & Samuels, 2011) is on the increase in 

standalone care facilities, outpatient care, and other ambulatory clinical settings. The 

impact of clinical ambient environment of unwanted sounds like noise has become a 

quality driven concern that of which we are seeing how policy leverages the opportunity 

for process improvement.  

In 2013, HCR policy focused on the Triple Aim to improve issues like health 

coverage, safety, medical outcomes, delivery systems, and quality measures. Within the 

quality measures to control health care noise levels in hospitals and other medical clinics 

has become a main focus for many providers. The Center for Medicare and Medicaid 

Services (CMS) partnered with the Federal Department of Health and Human Services 

(HHS) to provide a standardized survey instrument and data collection methodology for 
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measuring patients' perspectives on hospital care. This survey is called the Hospital 

Consumer Assessment for Healthcare Providers and Systems (HCAHPS). To get this 

data, the HCAHPS survey was created and used by several federal agencies as a quality 

measure for Medicare reimbursements. The survey collects information and data focused 

on the patient experience taken from ten domains. One of the domains addresses the 

environmental factor of cleanliness and quietness (the absence of unwanted sound like 

noise or bustle). The question: How often do you experience quiet around your room at 

night? Consistently, this question receives the lowest hospital survey score depicting high 

levels of noise can impact satisfaction and may reduce the quality of patient care, and 

outcomes during a clinical visit or overnight stay. This is a problematic factor leads to 

medical errors, in turn, affecting patient safety (Dijkstra, Pieterse & Ad Pruyn, 2006). 

Therefore, the soundscape is a significant factor in determining a patient’s overall 

satisfaction (Quan, Joseph & Ensign, 2012) within a clinical setting.  

Nationally, the HCAHPS survey question on sound in and around patient rooms 

remains low, ranging between 51 to 75 percent. Figure 1 illustrates a summary of 

HCAHPS survey results. Figure 2 illustrates the mean results of 4,427 US healthcare 

providers results for all survey questions asked.  Low satisfaction scores with healthcare 

services directly affects the reputation, patient loyalty, patient retention and attraction, 

operating revenue, and profit margin of a healthcare organizations (Quan, Joseph & 

Ensign, 2012).  
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Figure 1. Summary of HCAHPS results July 2020 to December 2020 Discharges, internet citation 

https://www.hcahpsonline.org 

https://www.hcahpsonline.org/
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Figure 2. Summary of HCAHPS overall means results July 2020 to December 2020 Discharges, 

internet citation https://www.hcahpsonline.org 

 

A growing body of evidence-based design indicates that the health care physical 

environment plays an important role in improving the experiences and satisfaction of 

patients (Quan, Joseph & Ensign, 2012). Patient satisfaction with healthcare service 

directly affects the hospital’s reputation, patient loyalty, patient retention and attraction, 

operating revenue, and the profit margin of a healthcare organization (Quan, Joseph & 
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Ensign, 2012). With Medicare reimbursements, a driving factor tied directly to patient 

satisfaction scores, healthcare organizations have a strong financial motivation to 

improve patient satisfaction (Quan, Joseph & Ensign, 2012). The implication of this 

sound study may help contribute to the body of knowledge and design strategies in how 

to provide therapeutic sound hertz to reduce patient length of stay, improve patient 

experience, increase satisfaction scores, improve revenue inflow, reduce medical errors, 

and minimize pain relievers are just a few benefits. 

1.5 Justification 

This section will explore the importance of studying the issue of how therapeutic 

sound frequency hertz effects the patient, and its environment in a clinical setting. It is 

important to note limited research has been done to implement design strategies their 

ability to impact the sound levels in a patient care environment (Wang, Downs, Farell, 

Cook, Hourihan & McCreery, 2013).  There is a gap in literature that measures 

conclusive evidence in how the therapeutic sound frequency hertz in music a key 

intervention may be to improve patient recovery, shorten lengths of stay, satisfaction 

scores, and medical outcomes. It is time for practitioners to understand how the 

environmental soundscape of frequencies, like the sensory of natural day light, will 

radically transform how people interact with the environment and will increase health 

outcomes and improve performance measures.  

Therefore, there is demand for a study to establish design standards based for a 

positive therapeutic soundscape frequency hertz environment for a clinical setting.  Any 
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potential impact of sound and music in a hospital space on the patient is a pertinent issue 

and should be further explored to create a greater understanding of this new paradigm 

(Iyendo, 2016). 

The research question will explore the theory of health to expand consciousness 

that will provides a framework for understanding how sound frequency levels in music 

may become a pan-dimensional phenomenon and vehicle for medical transformation as 

an intervention for patient care no longer can be ignored (Schorr, 1993). 

Primary RQ1: Do study participants mood state and/or physical vital signs change 

after listening to therapeutic sound frequency hertz during clinical treatment? 

Secondary RQ2: Is there a relationship in how patients experience and the 

environmental soundscape in the clinical setting and their importance to them? 

1.6  Operational Definitions 

In this study there are several constructs. The following terms will be defined in 

this section for this research study.  

1.4.1  Biopsychosocial  

The contemporary view of health and illness is a biopsychosocial model, which 

addresses the role of biological, psychological, and social factors in the human 

body. This goes beyond a focus only on the physical (biological) aspects of health 

and illness (Davis et al., 2008). 

1.4.2 The Patient Experience  
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The patient experience is viewed as the related measures of their technical quality 

of care. It is these measurements of the patient experience that captures the 

“responsiveness” of the healthcare system (Bleich, Ozaltin & Murray, 2009).  

1.4.3 Patient Satisfaction.  

Refers to people’s satisfaction with the healthcare system from the 

perspective of the patient experience (Bleich, Ozaltin & Murray, 2009).  

1.4.4 Evidence-Based Medicine 

Evidence-based health care which is broader than medicine Evidence-Based 

Medicine (EBM) is the conscientious, explicit, and judicious use of current "best-

evidence in making decisions about the care of individual patients. The practice of 

EBM means integrating individual clinical expertise with the best available 

evidence from systematic research"(Malone et al., 2008).  

1.4.5 Health 

Health is a state of complete physical, mental, and social well-being and not 

merely the absence of disease or infirmity (World Health Organization, 2010). 

1.4.6 Healthcare 

Healthcare refers to the system which delivers the care. Healthcare is needed first 

in order to have secondly, health care (Systemmd, 2015).  

1.4.7 Therapeutic Therapy 
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Therapeutic therapy encompasses both the physical and psychological 

environments associated with treatment or healing; they are reputed to have an 

enduring reputation for achieving physical, mental, and spiritual healing'' (Gesler, 

1993, p. 171). 

1.4.8 Music Therapy  

The systematic application of music directed by the music therapist in a 

therapeutic environment to restore, maintain and improve mental and physical 

health (Davis et al., 2008). 

1.4.9 Sound Healing 

Sound healing refers to the more general field of therapeutic sound use, including 

signing, drumming, rattling, toning, and so on (McRusick, 2016).  

1.5.0 Sound Therapy 

The definition for sound therapy refers to aspects of the practice that are more 

clinical and structured. In alternative medicine, sound therapy is a sub-group of 

sound healing (McRusick, 2016).  

1.5.1 Physioacoustic 

The branch of psychology concerned with the perception of sound and its 

physiological effects (Ahonen, Deek & Kroeker, 2012).  

1.6  The Physical & Built Environment  

1.6.1 Clinical Setting 
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Clinics look after the main healthcare needs of populations in local 

communities. Sometimes the term clinic can refer to a department in a hospital as 

well. Clinics are typically smaller than hospitals and run by one or several general 

practitioners (CDPH, 2019). 

1.6.2 Healing Environment  

This field of research is characterized by the concept of healing environments, 

which implies that the physical environment of healthcare settings can make a 

difference in how quickly the patient recovers from or adapts to specific acute and 

chronic conditions (Stichler, 2001).  

1.6.3 Optimal Healing Environment (OHE) 

The elements of environmental design that either help or hinder healing by 

making an impact on health. An OHE influences the behaviors, actions, and 

interactions of patients and their families as well as the staff members who 

provide care (Schweitzer, Gilpin & Frampton, 2004).  

1.6.4 Healing Space 

The physical elements or ambiance of a space that has an effect on people using 

the space. 

1.6.5 Positive Distraction  

A working definition of positive distraction is an environmental-social condition 

which can improve mood and decrease stress (Ulrich, 2001). These positive 
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distractions can include views of nature, laughter, smiling faces, companion 

animals and music.  

1.6.6 Sensory Environment 

The sensory environment includes elements of smell, sound, noise, temperature, 

air quality, light, color, viewing and experiencing nature, art, aesthetic, 

entertainment, humor, music, and other positive distractions (Schweitzer, Gilpin 

& Frampton, 2004). 

1.6.7 Soundscape  

Soundscape is an umbrella term which relates to the complex sound environment, 

embracing positive sounds as well as annoying sounds (De Ruiter, 2015). 

1.6.8 Ambiance 

Another word for atmosphere in the sense of the mood a place or setting. The 

ambience of space influences the people using the space (Schweitzer, Gilpin & 

Frampton, 2004). 

1.7   The Sound Mechanics 

 

1.7.1  Music 

Music is defined as a complex system of expressively organized sounds. It is 

composed of key elements, such as rhythm, pitch, harmony, and melody. Another 

definition is "the science or art of ordering tones or sounds in succession, in 

combination, and in temporal relationships to produce a composition having unity 

and continuity" (need a reference with a page number here). 
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1.7.2 Quiet 

For better understanding, quiet is the absence of unwanted sound like noise or 

bustle. It is synonymous with silence, calm or the act of making little or no noise.  

1.7.3 Noise  

According to the Occupational Safety and Health Administration (OSHA), the 

definition of noise is "unwanted sound" (OSHA, 2011). The United State 

Environmental Protection Agency (2017) defines noise as "any sound that may 

produce an undesired physiological or psychological effect in an individual or 

group" (p. #). There is no way to measure noise empirically, as it must be 

assessed in relation to other factors in decibels (Greenberg, 2006). Noise that is 

experienced by people who did not produce it is called second hand-noise. Like 

second-hand smoke, second-hand noise can have negative impacts on people 

without their consent (NPC, 2001).  

1.7.4 Operational Noise  

Operational noises are permanent and existing unwanted sounds at various noise 

levels.  

1.7.5 Decibels 

Decibel (dB) is a sound intensity measure or units of sound pressure used to 

indicate how humans hear a given sound. As example, zero dBA is considered the 

point at which a person begins to hear sound. A soft whisper at 3 feet equals 30 

dBA, a busy freeway at 50 feet is around 80 dBA, and a chain saw can reach 110 

dBA or more at operating distance. The notation is implied any time a "sound 
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level" or "sound pressure level" are measured on a logarithmic scale: a small 

change indicates a huge change in the amount of noise and the potential damage 

to a person's hearing” (OSHA, 2011).  

1.7.6 Hertz  

The unit of measurement of frequency is called hertz (Hz) If a sound source 

vibrates slowly, it produces a low-frequency sound 20 Hz and if it vibrates 

quickly, a higher frequency sound is produced 4000 Hz (Davis, Gfeller & Thaut, 

2008).  

1.7.7 Frequency  

The term frequency is used to describe the number of cycles per second at which 

a sound source (such as a voice or instrument) is vibrating (Davis, Gfeller & 

Thaut, 2008). A sound frequency is measured in units called hertz (Hz). One hertz 

is equivalent to one vibration per second. 

1.7.8  Sound 

Sound is a vibration that creates sound waves. These travel through mediums such 

as air, water, or solids to reach a human’s ear (Davis, Gfeller & Thaut, 2008). 

Sound is vibration and vibration touch every part of the physical body. Therefore, 

sound is heard not only through a human’s ears but through every cell in the body 

(Bissonnette, 2010).  

1.7.9 Sound frequency  
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This study will define sound frequency as a measured point of vibration or 

energy. Everything possesses a resonant frequency. “Resonance is the 

phenomenon that occurs when a physical system is periodically disturbed at the 

same period of one of its natural frequencies” (Tyrell, 2015, p. 27-28).  

 1.8 The Vital Signs Biometrics 

1.8.1  Respiratory Rate 

Normal respiration rates for an adult person at rest range is from 12 to 16 breaths 

per minute. 

1.8.2 Arterial oxygen saturation (SaO2)  

Measurement the arterial oxygen saturation (SaO2) by pulse oximetry (SpO2), 

using a fingertip sensor is commonly used in the management of patients with 

pulmonary diseases. 

1.8.3 Heart Beats 

The normal pulse for healthy adults ranges from 60 to 100 beats per minute. The 

pulse rate may fluctuate and increase with exercise, illness, injury, and emotions.  

Females ages 12 and older, in general, tend to have faster heart rates than do 

males. 

 

 



  23 

1.8.4 Systolic blood pressure (SBP)  

The systolic blood pressure (SBP) is the top number on your reading.  It measures 

the force of blood against your artery walls while your ventricles the lower two 

chambers of your heart squeeze, pushing blood out to the rest of your body. 

1.8.5 Diastolic blood pressure (DBP) 

The diastolic blood pressure (DBP) and has a greater impact on blood pressure 

staging. A high diastolic reading (equal to or greater than 120 mmHg) is 

associated with an increased risk of stroke, heart attack, and other cardiovascular 

problems. 

1.9 Evidence-Based Design  

Evidence-Based Design (EBD) is a process for the conscientious, exposit and 

judicious use of current best evidence from research and practice in making 

critical decisions, together with an informed client, about the design of each 

individual and unique project (Malone et al., 2008).   

1.9.1 There are four levels of EBD: 1) to keep up with the literature and the evidence to 

inform the designs; 2) to predict the outcomes expected from the design from a 

developed hypothesis and commit measurements that will confirm or disprove the 

prediction; 3) to commit to using measurements and to sharing the findings 

publicly; and 4) to increase rigor by publishing study results in peer-reviewed 

venues (Malone et al., 2008).  



  24 

1.9.2 Design & Layout  

Design and layout references to the plan or arrangement of physical space. The 

layout will address space allocation and the way patients, family, staff, and 

equipment move through the physical space. 

1.10  Conclusion 

This chapter discussed the significance and justification for the study and the 

clinical environment’s soundscape necessary for patient clinical care.  This chapter also 

discussed the scope, limitations, and the study’s general framework. The next chapter 

will provide a literature review on this growing body of research that discusses the role of 

therapeutic sounds impact on patient care in a healthcare environment. 
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CHAPTER 2 

 LITERATURE REVIEW 

2.1 Introduction 

The soundscape of an environment is an umbrella term which relates to the complex 

sound environment, embracing positive sounds as well as annoying sounds (De Ruiter, 

2015).  The history of a soundscape environment has affected mankind since the 

beginning of time. Before Christ, the ancient Greeks understood the powerful influence 

of music on healing; based on this understanding, they worshiped Apollo as the god of 

both medicine and music.  In the King James bible? when the evil spirit from God was 

upon Saul, David took a harp, and played with his hand. King Saul was refreshed, and 

was well, and the evil spirit departed from him now calmed. The illustrations above 

depict three accounts in how sound effects people and places is not a new discovery but 

has been an ancient practice. For the 21st century, the challenge today is to determine how 

sound may be used as a therapeutic agent within the clinical setting and its effects on 

patients deserves more research.   

Through better facility design and evidence-based guidelines, the healthcare team 

faces the challenge to create a positive therapeutic soundscape experience for the patient. 

To the contrary of noise, sound may also be added in the environment as a positive 

distractor, like the effects of ocean sounds. Studies also confirm the value of music 

intervention, which appears to be useful in managing chronic pain and results in a 

significant reduction in medication consumption (Guétin, Giniès, Siou, Didier & Picot, 
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2012). For example, in a study on guar bean cellular growth, the musical sound had a 

significant effect on the number of seeds sprouted compared to noise, untreated control, 

and sound vibrations. Music can directly affect living biologic systems (Vanol & Vaidya, 

2014). Likewise, music intervention for patients has been shown to have beneficial 

effects on environmental appraisals (Dijkstra, Pieterse & Pruyn, 2006). In terms of 

clinical practice, implementing music in the waiting room can be an accessible and 

effective way to improve patient and practitioner experience (Collins, Fitzpatrick, 

Kiernan, Moss & Harmon, 2021). The goal of this study has been to gather data that may 

contribute to future design standards to improve the canopy of the clinical soundscape 

through the intervention of therapeutic sound frequency hertz and its ability to positively 

alter the patient biopsychosocial states will provide a great quality provider benefit.  

2.2  Background 

The “ambiance” of a space has significant effect on people using the space itself. In 

recent years, design for health care environments has begun to include aesthetic 

enhancements to reduce stress and anxiety, increase patient satisfaction, and promote 

health and healing (Schwitzer, Gilpin & Frampton, 2004). Patients look to healthcare 

facilities as a place to get treatment in an environment that promotes healing. Over the 

decades, many discussions have uncovered how the physical environment plays and 

important role in the patient’s health and well-being. The provision and support of 

healthcare extends at as far back as 400 BC with Hippocrates to the 19th century with 

Florence Nightingale (Huisman et al, 2012). Nightingale strongly believed health could 
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be altered in such a manner as to improve conditions so that the natural laws would allow 

healing to occur. This grew out of her empirical observation poor or difficult 

environments led to poor health and disease. In 2010, Selanders stated Nightingale’s 

definition of environment is anything that through manipulation, assist in putting the 

individual in the best possible condition for nature to act. 

This literature review will focus on therapeutic sound frequency ability to support 

patient recovery within the physical built environment. There are sounds that are soothing 

and other sounds unwanted such as noise. The importance of noise in health care has 

been recognized for years, as evidenced by a statement in 1859 by Florence Nightingale 

“Unnecessary noise, then, is the most cruel absence of care which can be inflicted either 

on sick or well (Nightingale, 1859).” There is a growing and fascinating collection of 

studies that have examined the impact of noise in healthcare facilities, the patients, and 

medical staff safety and performance. There are only a handful of reports dealing with 

control of hospital noise, and these are almost entirely limited to administrative control 

measures such as closing doors and asking staff to speak softly.  

The medical and architectural/design community have exceled at reducing operational 

and hospital equipment noise. There exists a gap in the architectural design and medical 

community miss understand to improve the ambient soundscape is not just abating 

unwanted sounds like noise, but the necessity to add correctly therapeutic sound 

frequency hertz back into the physical environment like clinical settings may have a 

positive effect on the patient.  This gap of research can potentially report how therapeutic 
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sound frequency hertz may accelerate a patient’s ability to recover, complete difficult 

treatments, and regain a sense of well-being and wellness during a visit. The objective of 

this research study explores how to improve the patient experience before, during, and 

after clinic visits through the dissemination of therapeutic sounds for a healing 

environment for this study we will focused on clinical settings. This study’s aims to 

demonstrate how therapeutic sound frequency hertz just may be the one element that 

creates the perception of soundscape quietness.   

2.3 Research Question 

To understand the relationship of how sound impacts health outcomes the 

research questions will validate and inform the medical and architectural/design 

practitioners of the importance therapeutic sound frequency hertz may have for the 

healthcare design of facilities may have a direct impact on patient recovery and care. 

Based on the subsequent literature review, the following primary and secondary research 

questions are proposed for this study: 

2.3.1 Primary RQ1: Do study participants mood state and/or physical vital signs 

change after listening to therapeutic sound frequency hertz during clinical 

treatment? 

2.3.2 Secondary RQ2: Is there a relationship in how patients experience and the 

environmental soundscape in the clinical setting and their importance to them? 
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2.4 Global Topics 

 This section will cover the over-arching description of findings that encompass 

how sounds impact people and places in the field healthcare design its effect on the 

patient experience, patient satisfaction, and the patient ambient surroundings within the 

physical-built environment for clinical settings. This literature review cited articles that 

introduce soundscape’s role in general for healthcare and its effects on the human body, 

soundscapes in clinical settings like hospital, primary care and other clinic delivery types, 

the reduction of harmful versus adoption of therapeutic sounds, and barriers to conduct 

these types of studies.  

2.4.1 Patient Survey Influence on Ambient Soundscapes in Health Care  

For those not familiar with evidence-based design (EBD) has become the 

theoretical concept for what are called healing environments. The healing environment 

has the role of sensory stimuli elements plays a major role to create a safe environment 

for the patient.  Such sensory stimuli were leverage by Ulrich, who compared the positive 

effect of views of natural scenery on the recovery of patients from surgery to patients in 

similar conditions who were exposed to a view of a brick wall (Ulrich, 1982). Ulrich 

showed that in comparison with the wall-view group, the patients with the tree view had 

shorter postoperative hospital stays, had fewer negative evaluative comments from 

nurses, took fewer moderately strong and strong medication, and had slightly lower 

scores for minor postsurgical complications. Since then, the impact of the physical 

environment of the hospital on the well-being and health of the patient has received 

extensive academic attention (Huisman et al, 2012).  
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Consequently, this outcome for the creation of spaces became known as healing 

environments. Per several academic researchers, the definitions of a healing environment 

have been defined as: a place where the interaction between patient and staff produces 

positive health outcomes within the physical environment. Healing environments can be 

considered as “smart investments” because they save money, increase staff efficiency, 

and reduce the hospital stay of the patient by making the stay less stressful (Huisman et 

al, 2012).  These quality most inpatient care metrics have now become the measuring 

stick in how to create the optimal healing environment.   

The Health Consumer Assessment of Healthcare Providers and Systems 

(HCAHPS) survey instrument was birth forth to fulfill the need to improve medical 

outcomes, costs, and safety for patients by measuring their experience through 

satisfaction scores. This survey tool has become the leading indicator for quality, in 

addition to other patient satisfaction surveys that publicly report the patient experience, 

known as patient self-reported outcome (MacAllister Zimring & Ryherd, 2016). The 

survey question asked about the physical ambient environment upon discharge during 

this hospital stay is how often was the area around your room quiet at night?  The survey 

results still hover and reports at a low satisfaction rank for quietness at a 63% for US 

hospitals.  

The noise epidemic is not just in hospitals but also impacts other ambulatory care 

facilities like primary care clinics. It is evident, the HCAHPS survey remains to show any 

major quality improvement of ambient sound in health care remains seems to continue to 
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project alarming low metric results. For example, a clinical study of current noise 

standards for the neonatal intensive care unit (NICU) environment were established 

decades ago and have not been modified. Dosimeters were used to record the acoustic 

environment in open and private room settings.  In 1974, the U.S. Environmental 

Protection Agency (EPA) recommended that indoor hospital areas maintain an average 

sound level of less than or equal to 45 decibels, A-weighted (dBA) during the day, and 35 

dBA at night to maximize opportunity for patient recovery (Smith, Ortmann & Clark, 

2018).  

2.4.2 The Reduction of Harmful versus Adoption of Therapeutic Ambient Sounds 

The sound environment is a vital part of the overall environmental ecosystem, and 

undesirable sound (usually referred to as noise) is one of the most significant 

environmental stressors currently found in the clinical environment (Lyendo, Uwajeh, & 

Ikenna, 2016). The literature presents a compelling case that noise levels in healthcare 

environments have a direct impact on the patient experience and satisfaction. Lorenz 

(2007) challenges the reader in “how does the environment promote healing and where is 

the evidence that it does?” It begs the question exactly what features truly promote 

healing, restorative health, maintenance of well-being, and allow for a therapeutic healing 

and caring environment (Lorenz, 2007). Additionally, another survey investigated noise 

in hospital intensive care units’ article utilized noise reduction interventions that 

addressed the healthcare organization’s behavioral using sound detection equipment, 
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implemented an educational noise reduction program, and low-cost alterations minimized 

noise levels for hospital rooms (Konkan and Oakley, 2012).  

A growing body of evidence has shown that undesirable sound is a significant 

barrier to sleep for hospital patients, and sleep has been shown to be therapeutic for 

health, including healing and recovery (Lyendo et al, 2016). Several studies have 

documented research revealed that unwanted sound like noise, alarms, machinery, could 

have negative psychological and physiological effects on patients. Noise has been 

associated with annoyance, sleep disruption and awakening, decreased oxygen saturation, 

elevated blood pressure, increased heart, and respiration rate among neonatal intensive-

care patients, induce higher incidence of re-hospitalization, increased perceived work 

pressure, emotional exhaustion, and burnout (Lyendo et al, 2016). There are study 

findings that noisy environments invoke negative emotions, whereas therapeutic 

intervention through music and a comfortable environment, promote more relaxed mind 

and well-being for patients recovering from illness and surgery (Lyendo et al, 2016). 

On the contrary, a study Frumkin and Louv (2007) argued that people are closely 

attached to the natural world, which suggests that contact with nature is beneficial to 

health and wellbeing. For example, a survey conducted to investigate stress recovery 

during exposure to natural sounds and noisy urban environments indicated that the 

application of pleasant natural sounds of fountains and tweeting birds reduced 

psychological stress and facilitated fast physiological recovery of the sympathetic 

nervous system when matched with disagreeable city noises of road traffic (Lyendo et al, 
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2016). Similarly, another study concluded plots for difference in number of seeds 

germination viewed the difference in height and in the number of leaves grown clearly 

show a positive effect of silent classical musical. This outcome compared to rhythmic 

rock musical sound on the growth of the plants (Creath & Schwartz, 2004). Both the 

silent classical music and rhythmic rock music have given better results than the control. 

And the same; mixed and negative effect in traffic noise. This study is demonstrating 

how operational noise is not beneficial for biological growth. While seeking the right 

type of sound frequencies to promote cellular growth.  

Similarly, another music project noted that when the cells of the body are in tune 

with each other, the body functions flawlessly and resonates with life. When the body is 

in a state of disease, it is out of tune with itself and in need of cellular intonation (Tyrrell, 

2014). The study of intonation is simply the accuracy of pitch. From the creator, God at 

the beginning of time music has been given to mankind as a gift. Sound frequencies 

reflect the integrity of proper intonation and have been known to trigger spontaneous 

healing in the physiological and body.  As an example, when you tune the instrument to a 

pitch and the intonation of a guitar is off, then the instrument will remain out of tune with 

itself. By calibrating the guitar correcting the intonation of the bridge, when tuned, the 

instrument is in tune with itself and resonates properly. Simply, the human body is no 

different. The integrity of proper intonation evidence has been shown to trigger 

spontaneous healing in the body eliminating cancerous tumors (Tyrell, 2014). The 

significance of these type of results are achieved by tuning from A 440 HZ to A 444 HZ 
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and more. There is a potential this would create an environment of healing everywhere 

with the dissemination of sound frequencies for clinical spaces.  

Human beings perceive sound not just through the ear gates as well as musical 

vibrations through bone and skin; thus, our senses such as sight, smell, and touch allow 

us to perceive an even wider range of musical vibrations than those sensed by hearing 

alone (McCaffrey & Locsin, 2002). Our bodies are formed and function using vibrational 

energy causing our all our organs to vibrate to accomplish tasks necessary to continue the 

beat of life (McCaffrey & Locsin, 2002) in our bodies for physiological and 

psychological wellbeing for patients in clinical spaces. It observed sound included in the 

environment as a positive distraction has been shown to have a significant influence on 

patients' clinical and behavioral outcomes (Lyendo et al, 2016). Several studies have 

shown that music have healing effects. Pleasant music, when controlled, can promote 

relaxation, reduce anxiety or stress, improve coping with pain, affect sleep patterns, 

improve stroke patients’ memories, and decrease the amount of sedative medication 

needed for some patients (Salonen, Lappalainen, Lahtinen, Knibbs, & Morawska, 2012). 

2.4.3 Soundscapes Use for Clinical Studies 

The United States Department of Defense and Veterans Health Administration used the 

vehicle of telehealth primary care delivery for medication management, physical, 

occupational, and speech-language therapies for their service members, vets, and 

dependents. Many veterans suffer from post-traumatic stress disorder (PTSD) and the 

prevalence of traumatic brain injury (TBI) has had devasting impacts on military 
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personnel and their families. The symptoms of these injuries often present cognitive, 

social, behavioral, occupational, and emotional health issues have resulted in the need for 

innovative treatments. Such treatments such as creative arts therapies have been 

integrated in the clinical realm aids in the rehabilitation process for military personnel 

(Vaudreuil, Langston, Magee, Betts, Kass & Levy, 2022). It has been found that 

telehealth is a platform can be used to implement therapies and promote community 

reintegration. The participants found to positively respond to music therapy engaged 

through telehealth, as a result reported decrease pain, anxiety, and depression. It was 

determined that music therapy intervention can be successfully adapted to accommodate 

remote facilitation and distance delivery of music through digital platforms can support 

participants on a clinic continuum (Vaudreuil et al, 2022).  

Another review aimed to document the role of the physical environmental factors 

in clinical environments and their impact on patients and staff wellness in healthcare. 

This study reported on how the physical environmental factors into hospital design can 

facilitate better user satisfaction, efficiency, and organizational outcomes. Many of the 

design interventions convey positive distractions for patients and staff, in terms of views 

of pleasant outside vistas, soothing sound, artwork and music. Similarly, case studies 

have shown that substantial sound results are reported in clinical studies for rehabilitation 

centers for those with neurological care. Additional high-quality intervention studies, 

particularly large-scale trials have established music interventions are embedded into the 

clinical rehabilitation practice, would need to establish the efficacy and feasibility in real-
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life settings of these approaches (Sihvonen, Särkämö, Leo, Tervaniemi, Altenmüller, & 

Soinila, 2017). Another case study focused music sound intervention for dental anxiety 

indicates music listening a non-pharmacological anxiety management intervention, are 

increasingly used in dental care. The dental clinics have harness individual music therapy 

interventions for the patient's presenting needs related to the degrees to manage their 

anxiety. Interventions may include active refocusing of attention, music-guided deep 

breathing, music-assisted relaxation, and music-guided imagery (Bradt & Teague, 2018). 

In addition, this study suggest music therapists could teach patients music-based anxiety 

management skills prior to dental treatments, offer them the opportunity to express 

emotions related to the upcoming procedure, and help them gain a sense of control and 

safety (Bradt & Teague, 2018).  

2.4.4. Barriers to These Type of Studies 

A key barrier in this type of research is to understand that perceptions seem to speaker 

louder than what may be really occurring relative to the patient’s perceptions of sound 

itself. This article reaches deeper into the underlying reasons why patients satisfaction 

scores have not improved related to hospital noise levels. This case conducted an 

ethnographic study of main events during hospitalization: perceptions of nurses and 

patients, suggest maintaining quality and patient satisfaction scores, hospitals will need to 

focus on the difference between the perceived care given and the perceived care received 

during main events (Coughlin, Long, Sheen, & Tolbert, 2012). The author points out how 

the patients’ identified issues in direct contrast to the nurses. Case point, hospital should 
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continue to focus on meeting the patients’ perception of care and not hospital’s 

expectation of care (Coughlin et al, 2012). This supports the importance asking the 

question do designers understand how to design a noise free patient room without asking 

the patient what noise means to them in during their inpatient or outpatient service 

treatment experience. These authors challenge how to address the future as number of 

patients and staff increase, so will noise levels increase (Konkan and Oakley, 2012).  

Similarly, another study for neonatal intensive care unit (NICU) environment 

found it challenging to control the soundscape given the combined noise emitted from the 

necessary life support equipment, heating, ventilation, and air conditioning (HVAC) 

system, lights, and monitors does not meet standards even without additional noise 

introduced by staff, visitors, or maintenance, it would be futile to continue making efforts 

to meet the set agency standards as written today (Smith, Ortmann & Clark, 2018).  

Unique barriers came into play related to how providers would bill for the creation of an 

ambient soundscape environment through medical billing. The telehealth therapies to 

advance reimbursement, the efficacy and impact of creative arts therapies telehealth 

needs to be further researched (Vaudreuil et al, 2022). Currently there is limited research 

about telehealth overall, and more articles, such as this one, are needed to grow the 

evidence-base and advance the practice of telehealth. The dental study found limitations 

in the executions with lessons learned to optimize treatment impact, music interventions 

should start prior to the onset of the dental treatment and investigate the impact of music 
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intervention engagement with patients to self-management of their anxiety (Bradt & 

Teague, 2018).  

2.5 Conclusion 

In summary, there is evidence to recognize the relationship between sound 

frequencies environmental impact on physiological and psychological wellbeing and the 

ability to enhance the healing process for clinical settings. The review of these articles all 

point to the research question in how therapeutic sound can potentially effect the patient’s 

biopsychosocial states within the physical environment of a clinical setting. The authors 

took different dimensions and approaches to how positive sounds and unwanted sounds 

may or not improve patient care and delivery for a clinical setting or hospital 

environment. All articles brought a different level of awareness whether the ambient 

soundscape could improve the patient experience, patient satisfaction, and the patient’s 

physical-built surroundings.   

Without a question, the soundscape impregnates the physical environment, and 

the right therapeutic sound can manipulate a clinical setting a place where a patient may 

recover. The design research community has identified how the patient experience with 

the physical environment has a significant factor in determining a patient’s overall 

satisfaction. (Quan, Joseph & Ensign, 2012). Provider organizations and clinics have a 

strong financial motivation to improve patient satisfaction (Quan, Joseph & Ensign, 

2012). This is significant as unwanted noise in the patient environment impacts patient 

ability to complete treatments and realized improved health outcomes.  
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CHAPTER 3 

METHODOLOGY 

3.1 Introduction 

 

             This chapter includes a description of the research design, the sample, the steps 

associated with data collection tools, procedures, and the data analysis plan. This research 

uses descriptive comparative design to evaluate changes in patient mood and biometric 

levels after listening to sound frequencies in a clinical setting during a primary care visit.  

The research includes a qualitative and quantitative component to answer the two 

reason questions.  The techniques used were chosen to ensure thoroughness and to build a 

rich robust understanding of how environmental sounds during a patient’s treatment may 

affect the patient satisfaction and perceptions of their ability to heal (Quan, Joseph & 

Ensign 2012; Lorenz, 2007).  

3.2 Research Questions 

  This research uses a descriptive comparative design to evaluate changes in patient 

mood state and physical vital signs during primary care visits after listening to 

therapeutic sound hertz. This research also includes a qualitative component to explore 

how patients describe environmental sound in the clinical setting and their importance. 

3.2.1  Primary Research Question (RQ1) 

Do study participants mood state and/or physical vital signs change after listening 

to therapeutic sound frequency hertz during clinical treatment? 
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3.2.2 Secondary Question (RQ2) 

Is there a relationship in how patients experience and the environmental 

soundscape in the clinical setting and their importance to them? 

3.3 Main Setting Study 

 The clinical setting is in three primary care physician clinics in the Balkan states 

of southeast Europe in Bosnia-Herzegovina and Croatia. The primary care clinics feature 

intervention rooms for acute patients to receive treatments in private. The research was 

conducted in these countries due to the access provided by the head of the department of 

family medicine for the primary care in Bosnia-Herzegovina. The three clinics’ patient 

annual throughput ranged between 2000 to 2500 patients, with approximately 30 to 45 

patients per day per family care clinic.  

3.4 Data Collection 

 Data collection occurred during the weeks of October 4 and October 11, 2021, 

between the hours of eight in the morning and five in the evening. Data collection 

occurred over a 14-day period. 

3.5 Sample 

The convenience sampling for this study, the clinician selected the subjects that 

are were readily accessible from a data base of patients with chronic illnesses, such as 

hypertension, diabetes, and asthma. These are long-developing conditions that require 

medical treatments conducted in the intervention/therapeutic room in the family primary 
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care clinic. Inclusion criteria were: 1) one or more chronic conditions as determined by 

the primary care provider seeing the patient; 2) age 18 or older; 3) able to read and spoke 

Croatian. The English documents translated into Croatian included the long consent form, 

the Master Participant List, and the questionnaire. The questionnaire had both languages 

with Croatia translations and English subtitles (see Appendix D). 

The intervention protocol required the participants to listen to the WholeTones to 

Go sound box through earplugs this tool provided the sound frequency hertz musical 

sounds, for example would be no difference than listening to Sony CD player with 

earplugs.  

3.6 Instruments and Tools 

 The data collection instruments consisted of a four-part self-administered 

questionnaire both control and test groups completed. Only the test group listened to the 

WholeTones To Go portable sound frequency sound box. 

3.6.1 The Sound Frequency Hertz Box Study Tool 

The WholeTones To Go study tool was used to deliver the therapeutic sounds 

through for the test group participants. The WholeTones To Go is a portable sound box 

that releases seven therapeutic sound hertz levels found within the select songs. The box 

administers seven pre-loaded songs of hertz frequencies that ranged from 396 Hz to 852 

Hz. The sound box had a 3.5mm headphone line out to connect disposable ear plugs to 

achieve sound control and private listening. Figure 3 illustrates the WholeTones To Go 
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sound box. Each selected song played for 22 minutes in length. The sound box can expect 

to play four to six hours when fully charged. The box is controlled by basic buttons for 

power, volume increase and decrease, mode, and next/previous song selection. The 

simplistic sound box was selected for its landmark research project called the healing 

frequency music project (Tyrrell, 2015). The therapeutic sound hertz songs the three 

clinics each had one box and assigned a specific sound hertz level for the control group to 

listen to during the treatment process.  One clinic was assigned the low therapeutic hertz 

sound level at 396 Hz, 417 Hz, and 444 Hz (clinic 1-L, low). The second clinic was 

assigned the medium therapeutic hertz sound level at 528 Hz and 639 Hz (clinic 2-M, 

medium). The third clinic was assigned the therapeutic high hertz songs at 741 Hz and 

852 Hz (clinic 3-H, high).  

 

Figure 3. The sound frequency hertz box WholeTones To Go 
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To make sure each clinic understood how to use the WholeTones To Go sound boxes, three 

ZOOM training sessions were conducted. The first training was to introduce the research team 

review the study protocols, instruments, and sound tool. The WholeTones To Go sound box was 

played over the ZOOM virtual meeting and how to use it involved a power button to turn on the 

box, a forward and backward button located the correct hertz levels as shown in figure 3. A 

second ZOOM meeting was conducted after the WholeTones To Go sound box were shipped 

along with disposable earplugs. Again, the clinicians during this next meeting practice operating 

the sound box and found it user friendly and the tool easy to use. To achieve clicking on the 

correct sound hertz level instructions were indicated the song selection number and the clinician 

just would click through to where the hertz level song started. As example, like a Sony CD player 

if a person wanted to listen to song 3, then the player would allow you to click on the forward 

button to the third click for that specific song selection. This was how the WholeTone To Go box 

therapeutic sound hertz were selected. 

3.6.2 The Self-Administered Five Part Questionnaire  

This study utilized a questionnaire that offered an objective means of collecting 

information about people's moods, beliefs, attitudes, and physical response to the 

WholeTones songs from the sound frequency hertz box. Figure 3.1 illustrates a table of 

the combined sections as described next in section 3.5.3 the data analysis plan. The 

complete questionnaire in English and Croatian is in (see Appendix D). 

 

 

 



  44 

3.6.3  Combined Instrument Consisted of Five Sections: 

Section one of five is the demographic profile. Providers filled in the patient 

gender (male or female), age, the date, and time they arrived for the study participation. 

Demographic data was collected for the study for gender and age profiles.  

Section two of five consisted of a series of three qualitative open-ended questions 

to solicit patient feelings toward sound in the clinical setting.  The goal is to come up 

with a way to measure where the respondents are on the continuum and which items had 

higher medians indicate a more favorable attitude towards the concept (O’Learly, 2014, 

p. 210). These open-ended questions asked about how comfortable or bothersome were 

the clinic’s soundscape, and what changes could be made in the environment.  

Section three of five is the profile of mood states (POMS-A) survey (Terry, Lane 

& Fogarty, 2003).  The POMS-A measures mood states for six subscales for anger, 

depression, confusion, fatigue, tension, and vigor. For each subscale had four descriptive 

mood states associated with each subscale name. It consists of a total of 24 number of 

items measured on a 5-Point Likert scale with 1 not at all, 2 = a little, 3 = moderately, 4 = 

quite a bit, and 5 = extremely. The POMS-A instrument has six subscales: one positive 

subscale (called vigor), consisted of four items and four negative subscales (called anger, 

confusion, depression, and fatigue) contains four mood state items each per subscale. In 

previous research, the reliability of the POMS-A 24-item study confirmatory factor 

analysis provided support for the validity of the instrument A POMS-A survey total score 

across all items related to positive and negative mood states was calculated for each study 
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participant and each clinical setting. The study participants were asked to complete the 

POMS instrument two times pre-post, prior to listening to therapeutic sound hertz at the 

beginning of the treatment and again after listening to the therapeutic sound hertz. 

The data relationships between POMS-A scores and previously validated 

measures, were initially consistent with theoretical predictions, supported criterion 

validity (Terry, Lane, & Fogarty, 2003).  It is important to note, evidence was found in 

support of the psychometric integrity of the POMS-A when extended from POMS-A 

adolescent to adult populations (Terry, Lane, & Fogarty, 2003). The participants self-

selected the described mood state before, during, and after the treatment began and then 

again immediately after the intervention occurred during the treatment session.  

Section four of five includes a vital sign biometric data collection system. In the 

control group, study participant physical attributes were measured before and after 22 

minutes listening to the clinic’s natural and operational sounds. The target group listened 

to the clinic’s sound box of therapeutic sound hertz levels (i.e., low 396, 417, 444; 

medium 528, 639; high 741, 852). The vital measures consisted of respiratory rate, 

oxygen saturation (SaO2), heart rate, systolic blood pressure, and diastolic blood 

pressure.  These measures were collected the assigned clinician physicians and data 

collected was provided to the research team.   

Section five of five will provide a 5-Point Likert survey with five pointed 

questions to better understand the study groups opinions regarding sound perceptions. 

This 5-Point Likert scale will range from 1= strongly disagree, 2 = disagree, 3 = neutral, 
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4 = agree, and 5= strongly agree. The research will map out the responses answers to gain 

insight about what the participants value.  

3.7 The Data Analysis Plan 

The data analysis table summarizes the narrative describing the methods and instruments 

used. 
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3.8 Data Collection Protocol 

The research team was not present while the subjects completed the survey instruments. 

Due to the global pandemic, the research team was invited to ship the instruments to the 

three Balkan state family care clinicians. Each family care clinic maintains a registry of 

their chronic disease patients scheduled appointments.  

3.9 Recruitment 

The recruitment contact was managed by the clinician’s registry nurse who 

invited and followed up with interested participants. Each clinic was provided a 

recruitment script that explained the purpose of the study. The registry nurse contacted 

patients using the recruitment script that had prior appointments. Patients were 

convenience selected by the clinician with ten subjects for the control group and ten for 

the experimental targeted group until each clinic reached no more than twenty people. 

The typical treatments with the primary provider reported the range is from 40-60 

minutes. The average clinic visits during the data collection reported by the technician 

averaged 45 minutes. The range of each appointment was documented on the Master 

Participant List. Participation in this study was optional and confidential for each 

participant. Participation took place during one treatment session and not required to 

repeat or come back for any additional follow-up.  
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3.10   The study was executed in two steps for patients who agreed to participate  

3.10.1 At the time of the scheduled appointment, the clinician instructed the 

participant to fill out a questionnaire and survey about their mood and feelings. 

Next, each person listened either the ambient sound in the clinic or to therapeutic 

sound frequencies during their treatment session. The therapeutic sound 

frequencies were played through the WholeTone To Go sound box attached to the 

disposable headphones. Both control and experimental groups listened to assigned 

or natural clinical sounds for 22 minutes. Then the participants were asked to fill 

out the same questionnaire and survey again at the end of their treatment session.  

3.10.2  Nurse practitioners collected biometric readings before and after the 

intervention. Do you know if they used the same data collection instruments 

before and after? 

3.11 Data Management 

  The research team was given each clinic’s study data to review through a secured 

electronic transmission with all original hard copy documents mailed back to the research 

team. The subject’s name was not associated with the participant’s questionnaire/survey 

answers or biometric data, as each person was assigned a study subject ID number. The 

data was collected and managed using a ‘Master List’ with each ID number (see 

Appendix D). The collected data shall be stored securely on campus or on an ASU server 

that can be accessed remotely. The ‘Master List’ will be stored separately from the 

consent and other collected study data. 
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3.12  Institutional Review Board 

The researcher applied to the Institutional Review Board (IRB) at Arizona State 

University (see Appendix A). The research study was approved in September 2022 by the 

Croatia and Bosnia-Herzegovina family care clinics adopted ASU approved IRB. 

3.13 Conclusion 

The methodology for this study was described in this chapter. This chapter discussed the 

research questions, data collection strategies, and analysis plan.  The following chapter 

provides the data analysis and findings from the research study. 
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CHAPTER 4 

ANALYSIS 

4.1 Introduction 

 

The first part of the chapter describes the study participants as a whole and then 

by each of the 4 groups. This is followed by a description of the results of the POMS-A 

instruments and biometric findings. Results of tests for each research question are 

presented. Finally, the results of the thematic analysis of the qualitative question are 

described. A Thematic Framework was developed to gain interpretative 

phenomenological analysis (IPA) of the participants conceptual understanding if there is 

a relationship of the how sounds impact their biopsychosocial outcomes within the 

clinical setting.  

4.2 Study Demographics 

54 individuals participated in the study 18 (33%) men and 36 (66%) women 

participated in the study. Their average age was xx with a range of x to y. The 

demographic characteristics of the participants in the 3 clinics are shown in Figure 4.2.  

The shortened version POMS-A was administered to 54 participants from four samples: 

adult patients from the control group (n=26), adult patients target group listened to low 

sound hertz (n=10), adult patients target group listened to medium sound hertz (n=10), 

and adult patients target group listened to high sound hertz (n=7) see Figure 4.0 shows 

clinic sound hertz level distribution. 
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Clinic  

Distributions 

Clinic 1-L 

(n = 10) 

(396, 417, 444 Hz range) 

Clinic 2-M 

(n = 10) 

(528, 639 Hz range) 

Clinic 3-H 

(n =7) 

(714, 851 Hz range) 

Figure 4.0 Clinic therapeutic sound hertz level distribution 

The survey was distributed, and biometric data was collected during the patient 

scheduled appointments by clinicians from a total of 54 patients from three independent 

clinical sites, with 20 study participants from two clinics and 14 participants from the 

third clinical location. The study participants were self-selected to participate in this 

study as a volunteer. The study sites were divided into three experimental and control 

groups based on low (L), medium (M), and high (H) hertz levels of sounds. Clinical site 

1-L test participants listened to low sound frequencies from 396, 417, and 444 hertz. 

Clinical site 2-M participants listened to medium sound frequencies from 528 and 639 

hertz. Clinical site 3-H participants listened to high (H) sound frequencies from 791 and 

852 hertz. 

The clinic hertz level distributions among the three clinics for low, medium, and 

high hertz. Demographic data requested from participants included age and gender. The 

average participant was 52 years of age, 66% were female and 33% were male. The range 

of ages were from 24 to 81 years. Figure 4.1 documents the summary of the demographic 

data.  
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Figure 4.1 Depicts the demographics 

The clinic hertz level distributions among the three clinics for low, medium, and 

high hertz. Demographic data requested from participants included age and gender. The 

average participant was 52 years of age, 66% were female and 33% were male. The range 

of ages were from 24 to 81 years. Figure 4.1 documents the summary of the demographic 

data.  

4.3 Research Question 1 

Describe each of your quant instruments first followed by analysis of research question 1 

4.3.1 Quantitative Profile of Mood States (POMS-A) Survey Results 

The factors of the POMS-A are described in the following way, Anger is 

expressed by feelings that vary from mild annoyance to fury. Confusion is proposed to 

Gender Frequency Percent 

Female 36 66.67% 

Male 18 33.33% 

Age Frequency Percent 

18-30 6 11.11% 

31-50 13 24.07% 

51-70 30 55.56% 

71-80 4 07.41% 

81-90 1 01.85% 
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express bewilderment to uncertainty, failure to control attention. Depression is 

characterized by negative self-evaluation such as hopelessness to self-blame. Fatigue is 

associated with mental exhaustion to physical tiredness. It is important to note, the 

Depression factor through the translation of the POMS-A form clinician translator 

changed the subscale for Depression to a subscale for Calm typified by five not four 

items to depict a mood state that ranged from hopefulness to joyfulness. This limitation 

has been noted and was uncovered during the data analysis process outside the 

investigators direct control. Tension is characterized by feelings of nervousness to 

anxiety. Vigor is associated with excitement and physical energy (Terry et al., 2003). 

A multi-sample approach was adopted to test the invariance six factor structure of 

the POMS-A among three disparate clinic 1-L, clinic 2-M, and clinic 3-H. The central 

purpose of the study was to test whether the factor structure demonstrated a relationship 

that would remain the same before and after listening to therapeutic sound frequency 

hertz among the control and test groups. The results of the data will determine how this 

supports the primary and secondary research questions.  

This study also wanted to know if the results remained the same between clinic 1-

L, clinic 2-M, and clinic 3-H. Sample clinic 1-L comprised of 20 adult patients 4 males, 

16 females; age ranged 30 to 66.  Sample 2 clinic 2-M comprised of 20 adult patients 6 

males, 14 females, age ranged 28 to 81. Sample 3 clinic 3-H comprised of 14 adult 

patients 4 males, 10 females, age ranged 25 to 73.  

The procedures to investigate of mood responses among the clinic patients were 

addressed within the control and test groups for each clinic. Groups conducted the survey 
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before starting treatment and then again during the treatment afterwards. The test group 

received the therapeutic sound frequency hertz during the treatment session. The control 

group listened to existing clinical sounds during their treatment session. Afterwards, the 

participants were asked to complete the same survey after the listening and intervention 

time. The multi-sample analysis was tested on the three clinical samples within a 10-day 

period. The test group listened to the therapeutic sound frequency hertz for 22 minutes 

during the treatment session in exam intervention rooms. The control group listened to 

the natural clinical soundscape for 22 minutes during the treatment session in the exam 

intervention rooms. The entire session averaged for each patient a time frame of 45 

minutes.  

Each participant rated their mood state using a 5-point scale, from 1 (not at all) to 

5 (extremely) to assess the markers of a positive and negative effect. The data collected 

from the PANAS scale was then analyzed in the IBM SPSS statistics data editor from 

each clinic. For this study, the primary analyzed data set will determine if the mood state 

relationship remain the same among the control and test groups. Each clinic was analyzed 

independently of the other three clinics for the low, medium, and high hertz levels. A Chi 

Square test calculated the significance level and results for the POMS-A 25 mood state 

items.  

The Chi Square test compares two variables. The two variables were the control 

group that listened to existing clinical soundscape and the test group that listened to the 

intervention of therapeutic sound frequency hertz. For example. the Chi Square test 

compared the Anger factor of the control group variables to that of the Anger factor of 
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the test group variables. This was completed for each of the six categories for: Anger, 

Confusion, Calm, Fatigue, Tension, and Vigor. An asymptotic significance (2-sided) < 

0.05 is required to show any significance of how the therapeutic sounds effected the 

mood states.  

The respondents reported a significant change after the intervention of the 

therapeutic frequency hertz for the following mood states. The level of statistical 

significance p-value between 0 and 1 shows the greatest significance for the mood state 

of bad tempered greatly improved after therapeutic sound intervention. Fifteen out of 25, 

60% mood states were altered after the intervention demonstrated significant evidence as 

reported from clinic 1-L (396, 417, 444 hertz) when listening to the low frequency sound 

hertz the respondent mood did not remain the same. Twenty out of 25, 80% mood states 

were altered after the intervention demonstrated significant evidence as reported from 

clinic 1-M (528, 639) hertz) when listening to the low frequency sound hertz the 

respondent mood did not remain the same. Fifteen out of 25, 60% mood states were 

altered after the intervention demonstrated significant evidence as reported from clinic 1-

H (714, 852 hertz) when listening to the low frequency sound hertz the respondent mood 

did not remain the same. Figure 4.2 illustrates clinics 1-L, 2-M, 3-H calculations using 

statistical software and reported to be statistically significant evidence of mood state 

changes as shown in Figures 4.2.1, 4.2.2 and 4.2.3. 
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Figure 4.2.1 Clinic 1-L reported an asymptotic significance (2-sided) p-value < 0.05 

Figure 4.2.2 Clinic 2-M reported an asymptotic significance (2-sided) p-value < 0.05 
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Figure 4.2.3 Clinic 3-H reported an asymptotic significance (2-sided) p-value < 0.05 

4.4 Quantitative Biometric Measures 

Respondents’ vital signs were taken to determine if the intervention had any 

impact on the physical body. The vital signs were taken and measured before the 

treatment process and after the intervention of the therapeutic sound frequency hertz. The 

control group listened to the existing natural clinic soundscape during the regular 

treatment time. The investigators want to determine if the vital signs remained the same 

before and after the intervention of the therapeutic sound frequency hertz dissemination 

through the headset sound application. For this study, a statistical T-test was performed to 

discover if there would be any strong evidence of significance between the control group 

who listened to the existing natural clinical sounds from that of the experimental group 

who were provided intervention for clinic 1-L, clinic 2-M, and clinic 3-H.  
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The biometric readings were focused on five key vital signs for: respiration rates, 

arterial oxygen saturation (SaO2), normal heart pulse, systolic blood pressure (SBP), and 

diastolic blood pressure (DBP). The five vital sign definitions are as follows: 

1. RespRate is the normal respiration rates for an adult person at rest range from 12 

to 16 breaths per minute. 

2. SaO2 is taking the measurement of the arterial oxygen saturation (SaO2) by pulse 

oximetry (SaO2), using a fingertip sensor is commonly used in the management 

of patients with pulmonary diseases. 

3. Heart rate is the normal pulse for healthy adults’ ranges from 60 to 100 beats per 

minute.  

a. The pulse rate may fluctuate and increase with exercise, illness, injury, 

and emotions.  

b. For example, females ages 12 and older, in general, tend to have faster 

heart rates than do males. 

4. Systolic blood pressure (SBP) is the top number on the reading; it measures the 

force of blood against the artery walls while the ventricles of the lower two 

chambers of the heart squeeze, pushing blood out to the rest of the body. 

5. Diastolic blood pressure (DBP) has a greater impact on blood pressure staging. A 

high diastolic reading (equal to or greater than 120 mmHg) is associated with an 

increased risk of stroke, heart attack, and other cardiovascular problems.  
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The data collected was analyzed using a T-test to address if there is any 

relationship between having had the therapeutic sound frequency hertz intervention for 

group 1 (test) and group 2 (control). 

 

 

4.5  Qualitative Opened-Ended Questions 

The results from the qualitative opened-ended responses were photocopied and 

translated from English to Croatia and collected from each clinic. The questions were 

presented to the respondents prior to the sound intervention at the beginning of the 

Figure 4.4 Methods Matrix Chart 
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respondent’s scheduled appointment. Using an excel worksheet, each answer was sorted 

into like word groups to identify a common recurring pattern across a data set clustered 

around a central organizing concept.  The research team chose to use a descriptive 

combined with thematic word code analysis. Braun and Clarke (2015) state thematic 

analysis is a method for identifying, analyzing, and reporting patterns (themes) within 

data with the aims to discover themes and concepts embedded throughout qualitative data 

process. The research team took a deductive approach to derive concepts from the 

respondent answers those informed codes, theme development, and a framework. Figure 

4.5 illustrates the summary of the opened-ended questions, coding, themes, and 

framework. Figures 4.6 and 4.7 take a look at the data displayed in a pie and bar chart 

demonstrates the strength of opinions these findings. 

Figure 4.5 Thematic repetitive affinity word groups 

 

 

Word 

Groups 

 

silence 

 

quiet 

 

music 

  

communi-

cation 

 

noise 

sounds 

 

aware of 

effects 

 

physical 

clinic  

 

satisfied 

w/clinic  

 

Participa

nt 

Response

s  

 

10% 

 

5% 

 

12% 

 

13% 

 

23% 

 

23% 

 

14% 

 

2%  



  62 

 

Figure 4.6 Participant Responses Pie Chart         

 

Figure 4.7 Participant Responses Bar Chart 
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The identified coding was grouped then the themes emerged from the opened-

ended questions. Figure 4.8 depicts the three themes were identified and supported by the 

list of patient comments. The group coding of words, and phrases drove the final thematic 

framework. The framework deducted the respondents’ answers about how clinical 

soundscape awareness to obstacles and barriers that have a direct internal and external 

patient effect. The patient effect seemed to influence an internal physical and determined 

the well-being of the patient at the start of their scheduled appointment. Figure 4.5 

illustrates the framework also identified external patient effects that were derived from 

the clinics’ physical building soundscape.  
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Figure 4.8 Themes & Respondent Comments 

Theme 1 Ways to improve the clinical environment 

Clinic 1, L “Everything which I would want to change is impossible” 

Clinic 2, M “Some slow, quiet music she never liked the noise” 

Clinic 3, H “Minimum number of people in the waiting room would suit me, clearly defined 

order.” 

Theme 2 What distracts from the clinical environment? 

Clinic 1, L “Noise, racket, talking” 

Clinic 2, M “Loud talking, banging of doors” 

Clinic 3, H “Loud sounds of banging, creaking, and sounds of quarreling bother me.  I feel 

disturbed and nervous in that environment.” 

Theme 3 Participants raised awareness of the barriers and benefits of sound  

Clinic 1, L “Peace, calm” 

Clinic 1, L “Silence because of concentration” 

Clinic 2, M “The racket and noise bother her” 

Clinic 2, M “Beautiful music in physical therapy” 

Clinic 3, H  “Loud banging and talking, all of which produces unknown sounds which evoke 

fear.” 

Clinic 3, H  “Silence, quiet speech. I experience it as peace and relaxation.” 
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Figure 4.9 Thematic Framework Soundscape Effects 

The analysis of the thematic data required the research team to go beyond the surface 

level of the thematic coding. The primary goal was to identify through the study 

participants their conceptual understanding of how they see the world related to sound 

effects during each patient’s scheduled treatment. Patients reported on the sound 

awareness and its effects on them followed by unwanted sounds like noise and clamor, 

according to 46% of the responses is almost half of the study group.   

4.6 5-Point Likert Scale 

The respondents were asked to complete a 5-point Likert five question sound perception 

survey. The results from this scale will determine the participant’s opinion about the 

application of how sound should be delivered into the clinical setting. Interpretation and 
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discussion of the study results will occur in the next chapter. The data collected reveals 

the following opinions regarding sound perception. 

1) I prefer to listen to no addition missing sounds during my treatment session. 

1- Strongly Disagree 2 -Disagree 3 - Neutral 4 -Agree 
5 - Strongly 

Agree 
4 8 24 10 6 

 

Figure 4.10 Soundscape Perception Survey, QA1 

 

 

Figure 4.11 Soundscape Perception Survey, QA2 
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Figure 4.12 Soundscape Perception Survey, QA3 

 

 

 

 

 

Figure 4.13 Soundscape Perception Survey, QA4 
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Figure 4.14 Soundscape Perception Survey, QA5 
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showed evidence of changed. The vital signs biometric measures t-Test, P(T<=t) 

one-tail result had a P value of .05 showed a difference for clinic 2-medium 528, 

639, and clinic 3-high 791, 852 hertz level shifts for the respiratory rate, heart 

rate, and systolic blood pressure. The 5-point Likert scale respondents reported a 

neutral opinion about listening to therapeutic sounds through either a headphone 

or speaker system. There was a strong opinion to adopt user-control to select the 

therapeutic sound choices with a low interest to have furniture disseminate these 

sounds. As an example, therapeutic sound frequency hertz through a lounge chair 

or a pillow. The cumulative effort of the study was combined in the support of the 

primary and secondary research questions. These results will be discussed 

furthered in depth in Chapter Five. 
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CHAPTER 5 

DISCUSSION 

5.1 Introduction 

 

This chapter will discuss the limitations and results of the study and how the 

findings relate to the primary and secondary research questions and methods. The chapter 

will also discuss how the results relate to the therapeutic sound frequency hertz as a 

sensory design element to potentially improve the quality of care, the patient experience, 

and ‘evidence-based’ design standards for the healthcare and healing environment for 

clinical settings.   

5.2 Limitations 

There were limitations to this research. This chapter will begin with the 

discussion of shortcomings of the study that influenced the results found in the analysis 

of the research question that will follow. The chapter will help to inform the design and 

medical community to what should be improved in future studies of this kind. The 

section will discuss the instruments, study setting, and sample. 

5.2.1 Instrument Limitations 

Chief among the limitations was the difficult, if not impossible task of translating 

the study content and instrument instructions from English to the Croatia language. It is 

important to note, the study participants reacted to the instructions and questions they 

were given in Croatian. So, we had to report their responses even if it was not quite what 

was intended, such as the English word alert translated to alarm in Croatia, which 
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potentially could have a different interpretation of what was implied.  The POMS-A 

instrument was altered during the instrument translation. One of the six sub-factors was 

replaced with a non-valid factor named calm which included five items that being joyful, 

hopeful, peaceful, relief, and calm. The changes in the study instructions does raise an 

eyebrow to why this occurred. Perhaps, the chosen Croatian translator was unclear of the 

importance not to change any of the approved instruments supported by the cited 

evidence; of course, this weakens the integrity and validity of the instrument used to 

collect the research data. It is apparent the research was loose and inaccurate as the 

translators’ interpretation became more than a language barrier for the study instructions 

and instruments.  

5.2.2 Setting Limitations 

Also perceived as a limitation to the accuracy of the research, the respondents did 

not all experience the same controlled interior room layout. This situation was difficult, if 

not impossible to control. The studies clinical interior setting for all respondent rooms 

could not be the same for each clinic. It was confirmed that the Bosnia clinic 1-L and 

clinic 2-M had the same interior treatment intervention room layout as both were part of 

the same healthcare system. The Bosnian clinics were like that of a typical American 

clinical exam room. From the opened-ended questionnaire answers, it became apparent 

that clinic 3-H conducted part of the research from the participants answers seemingly 

partially occurred in or near the patient waiting room inferred by the thematic code 
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analysis.  This presents some bias to the research results, as the treatment intervention 

room clinical setting consistency did not exist among the three clinics. 

5.2.3 Sample Limitations 

The clinician office assistant asked patients to participate in the study prior to 

their next scheduled appointment. The patient freely self-selected if they wanted to 

volunteer for this study. The pool of participants was taken from the clinician’s database 

for patients with chronic illnesses. The clinician office assistant was given a script to 

follow when recruiting for study volunteers. It is unclear as to whether the script was 

followed verbatim at each clinic location for study consistency. The recruitment process 

may have been biased towards contacting patients who were more acutely ill over another 

patient. This may have resulted in not an unbiased sample. An unbiased selection of the 

sample is important in quantitative research which has a concern for generalization; while 

an unbiased sampling technique are the ones which are random (Delice, 2010). This 

study’s sampling techniques, except simple random sampling, cannot be considered 

totally unbiased even if they are random (Delice, 2010). It is possible the patients who 

agreed to participate in the study may have had a preconceived understanding about 

sounds prior to the listening for 22 minutes during the treatment intervention session.  

Potentially, this may have caused the patient to hyper-impose their mood states 

prior to the intervention. The knowledge of the study aim would have been discussed 

during the initial contact and consent agreement and may have caused the patients to 

become more aware of the clinic’s soundscape than normal.  The 5-point Likert survey 
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seemed to indicate that the patients wanted user-control of the therapeutic sound 

frequency hertz through the headphones but not necessarily added sound to the clinic’s 

physical environment. This begs the question as a patient potentially limited in the ability 

to control one’s illness having user-control over their built environment provides a sense 

of normalcy if one has the choice over what is heard during one’s treatment session. 

5.3 Discussion of Results 

This research study was conducted to explore and examine if a relationship exists 

between offering a therapeutic soundscape intervention and its ability to manipulate the 

healing process within a well-integrated clinical patient-care model. Design practitioners 

have a responsibility to address the unwanted sounds and present innovative solutions to 

not just remove, but to create a therapeutic hospital soundscape ecosystem. Limited 

research has been done to investigate these design strategies and their impact on sound 

levels in patient care environments (Wang et al, 2013).  

The study’s design approach used a triangulation method to increase the 

credibility and validity of research findings (Noble & Heale, 2019). The collected data 

rendered from the POMS-A instrument found the calm subscale with its five items the 

Chi Square test analysis deemed to be invalid as it replaced the depression subscale. 

Despite the POMS-A validity evidence found in the literature review, if the subscale 

depression with its four items had been kept the data collected in this subscale could have 

worked. As mentioned in the previous section 4.3.2, although the clinicians were all 

trained in how to conduct the research, most likely, the disconnect was a result of the 



  74 

clinician misinterpretation of how not to alter the POMS-A depression subscale. By 

choosing to triangulate the methods used, combining of the other methods such as the 

qualitative opened-ended thematic code responses, the quantitative POMS-A the other 

correct five subscales (anger, confusion, fatigue, tension and vigor) and Chi Square test 

data set results, the quantitative vital sign biometric measures and t-Test results, and 

followed by the qualitative 5-point Likert scale ensured that fundamental biases that 

could have arisen from the use of a single method were overcome (Noble & Heale, 

2019).  

The combined triangulation of methods allows for enriched research as it offers a 

variety of datasets to explain differing aspects of the phenomenon of interest, to address 

if the therapeutic sound frequency hertz had any relationship with the patients in their 

clinical settings. Two research questions framed this inquiry. The healthcare context 

primarily engaged three family practice clinics (two located in Bosnia and one located in 

Croatia), the chronically ill patients, and clinician staff.  

5.3.1 Primary Research Question 

RQ1: Do study participants mood state and/or physical vital signs change after 

listening to therapeutic sound frequency hertz during clinical treatment? 

 In reviewing the findings from the study, the answer to this question is possibly 

identified by examining the opened-ended responses, selected mood states, and vital sign 

biometric measures before the therapeutic sound frequency hertz intervention. Then to 

examine the data collected and compare results after the intervention of the participants 
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mood states, vital sign biometric measures, and sound perceptions. This study primarily 

compared the post intervention therapeutic sound frequency hertz level relationship 

between the control and test groups.   

For this study, the POMS-A mood states comprised of the following six subscales 

and 25 mood items are categorized as shown in Figure 5.0:  

POMS-A, Six Subscales and 25 Items 

Anger Confusion Calm Fatigue Tension Vigor 

angry confused calm exhausted anxious active 

annoyed mixed-up hopeful sleepy worried alert 

Bad-tempered muddled peaceful tired panicky energetic 

bitter uncertain joyful warn-out nervous lively 

NA NA relief NA NA NA 

Figure 5.0. POMS-A Subscales and Items Survey 

There were noticeable mood shifts after the intervention that correlated with the 

test group findings for subscales anger and confusion, as participants were 8% more 

agitated and 14% more confused after listening to sounds at the 791 and 852 hertz levels. 

All three clinics experienced subscale improvement of 6% more calm and 8.5% less 

fatigue than the control group. A remarkable mood shift was observed at clinic 1-Low 

where 396, 417, and 444 hertz participants seemed less tense by 39%. This trend 

continued for all three clinics averaged at a 26% tension reduction. At clinic 2-Medium 
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528 and 639 hertz levels, participants experienced a 26% increase in vigor. This trend 

continued for all three clinics averaged at a 16% vigor improvement.  

To summarize, mood shifts were conclusive after the therapeutic sound hertz 

intervention were positive for reducing tension when listening to low hertz 396, 417, 444; 

increasing vigor when listening to medium hertz 528 and 639; and a negative impact for 

increasing agitation coupled with confusion when listening to the high 791 and 852 hertz. 

More research will be needed to ensure full understanding of the impact of the positive 

and negative participant hertz levels responses. 

The thematic coding analysis of opened-ended responses also supports RQ1. The 

research found the participants were aware of the clinical soundscape; it had a direct 

positive and negative internal effect on the people’s health and welfare.  The respondents 

had positive internal effects of calm, peace, relaxation, beautiful, concentration, and 

positive distraction. The negative internal effects were evoked fear, annoyed, disruptive, 

disturbed, nervous, improper behavior, and disturbance. Some environmental elements in 

themselves may foster or hinder the healing impact on health by influencing the 

behaviors, actions, and interactions of patients, the staff, and their families (Salonen, 

Lappalainen, Lahtinen, Knibbs, & Morawska, 2012).  

The physical vital signs concluded the participants experienced biometric shifts 

after the 22-minute clinical intervention when comparing the test and control groups. The 

therapeutic sound frequency hertz interventions were for the five vital signs for the 

respiratory rate, arterial oxygen saturation (SaO2), heart pulse, systolic blood pressure 

(SBP), and diastolic blood pressure (DBP). The t-Test data analysis of the vital signs for 
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clinic 1-Low hertz levels 396, 417, 444 had no significant findings. Clinic 2-Medium 

hertz levels 528 and 639 significant evidence illustrated with an alpha of .050, the P-

value equaled .006 for respiratory rate while the heart pulse and systolic blood pressure 

P-value equaled .020 were remarkable results. Clinic 3-High hertz levels 791 and 852 

had significant evidence for the systolic blood pressure P-value which equaled .050. The 

biometric measure outcomes may suggest the medium and high therapeutic sound 

frequency hertz useful for patient restorative effects during treatments and recovery. 

It appears the three study methods used addressed RQ1: the opened-ended 

questions, POMS-A, and vital sign biometric measures were effective to capture the 

therapeutic mood states and/or physical vital sign changes after listening to therapeutic 

sound frequency hertz during clinical treatment.  

5.3.2 Secondary Research Question 

RQ2: Is there a relationship in how patients experience and the environmental 

soundscape in the clinical setting and their importance to them? 

The RQ2 through the thematic code analysis found many of the patients 

experienced the environmental soundscape was negative for most. A recurring theme of 

unwanted sounds were reported loud talking, racket, clamor, quarreling, and banging 

made some respondents nervous, disturbed, fearful, and concentration were impacted. 

These respondents also reported the need to change everything about the environment 

seemed impossible.   
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The 5-point Likert survey asked the study participants at the end of the study to 

provide an opinion about if therapeutic sound frequency hertz should be disseminated 

into the environmental clinical settings. It seems for the most part 20% of the respondents 

were neutral in opinion about even having therapeutic sounds released in their clinical 

setting. Another 18% to 20% were indifferent about listening to the therapeutic sound 

frequency hertz with headphones for speakers like a surround sound system. Opposite 

opinions demonstrated that 40% of the respondents were either indifferent or did not 

want therapeutic sounds installed into furniture. The same split findings were true that 

40% of the respondents were indifferent or strongly agreed to have user control over the 

selection process to choose the therapeutic sound frequency hertz listening levels. The 

respondents for the most part was indifferent about how such therapeutic sounds would 

disseminate into a clinical setting. The researcher attributes the respondent’s indifference 

perhaps from patients not recognizing they can have user-control to choose listening to 

therapeutic sounds and to recognize the role it plays in the healing process. This may be a 

new concept for the patient and clinicians and should be considered as an area for future 

research.  

5.4 Areas of Future Research  

This study is useful as a starting point for design practitioners to identify what 

within the realm of therapeutic sound frequency hertz levels should be considered when 

designing health care facility settings.  The evidence collected in this study suggests a 

next step would be to clearly define and establish how listening to therapeutic sound 
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frequency hertz becomes a relational catalyst to impact wellness for a patient going 

through treatment within a clinical setting. It is important to distinguish among the 

different types of therapeutic sound modalities already used for health care settings. The 

results seem to suggest that some hertz levels had a greater significant effect on the 

patient’s biopsychosocial outcomes. It is important to clarify how therapeutic sound 

frequency hertz set in music for listening is an intervention and does not conflict with the 

need for other professionals who use music. Music therapists use music as a systematic 

application to assist in the treatment of the physiologic and psychological aspects of 

illness or disability (McCaffrey & Locsin, 2002). Trained music therapists have skills in 

composing and in identifying music for specific therapeutic outcomes (McCaffrey & 

Locsin, 2002).  

Expanded research is needed to understand for the design and medical 

practitioners, in their daily interactions with patients, can sound frequency hertz listening 

provide an environment to facilitate healing and wellbeing that goes beyond the sounds 

of waterfalls, crickets chirping, or classical tones.  

The practitioner must identify what hertz levels set in music can be listened to 

rather it be at a low, medium, or high level.  This chief intervention can provide a positive 

distraction from the array of unwanted noises, alarms, and machines in and around the 

patient’s environment. Future research should locate the hertz levels that individual 

patients can listen to and aid in recovery in a clinical setting that is perceived to be 

peaceful, safe, and welcoming, one that enables the healing process despite facing 

difficult therapies, treatment plans, and exams during scheduled visits. To isolate the 
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ideal hertz level opens new avenues for patient delivery of care, clinical design, and 

product solutions. In nursing practice settings where patterns of care are developed based 

on evidence, the use of music as an effective intervention becomes an integral part of the 

plan for patient care (McCaffrey & Locsin, 2002) and for building noise reduction 

programs.  

5.5 Suggested Design Changes 

This study was valuable for the three clinics to better recognize how the 

soundscape can affect its patient population during clinical visits. Clinic 3-H expressed 

the desire to learn if this study could have a positive impact for those patients who 

suffered from covid-19 and isolation syndrome. In fact, based on the study results, one 

can infer the usefulness in disseminating therapeutic sound frequency hertz into the 

clinical settings for future treatment intervention exam room remodels. The thematic 

coding suggests the statements about sound perception, caused the participants to open 

their eyes to look at the entire physical space and its layout. It seemed a third of the 

participants were also impacted by how the clinic’s layout must “change everything, 

define order, create smaller wait areas, less people, and racket” answered some of the 

comments expressed.  

As it relates to creating new design sound strategy changes, it is important to 

understand the noise guidelines for healthcare facilities. In the U.S., the current noise 

standards for the hospital environment were established decades ago and have not been 

modified. In 1974, the U.S. Environmental Protection Agency (EPA) recommended that 
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indoor hospital areas maintain an average sound level of less than or equal to 45 decibels, 

A-weighted (dBA) during the day, and 35 dBA at night to maximize opportunity for 

patient recovery (Smith, Ortmann, & Clark, 2018). Over the following decades, several 

research groups have made additional or updated recommendations to re-evaluate the 

EPA standards. New recommendations regarding the presence of transient sounds in the 

environment (i.e., doors slamming) were issued, with the maximum level for transient 

sounds (L max averaged over 1 s) being either 65 or 70 dBA (Smith, Ortmann, & Clark, 

2018).  

Due to alarms, medical equipment, and the continuous activity within units, the 

hospital soundscapes can be difficult environments to assess acoustically. Routinely, 

patients perceive these soundscapes to be poor when rating their hospital experience on 

HCAHPS (Hospital Consumer Assessment of Healthcare Providers and Systems) surveys 

administered after discharge (Bliefnick, Ryherd & Jackson, 2019). In 2022, the HCAHPS 

surveys continue to show a low overall quality performance for environmental quietness 

around the patient’s hospital clinical stay. The October 2021 reports the U.S. hospitals 

quality performance for quietness remains the second lowest of the ten dimensions 

measured ranked a score of 63%.  

There is room to expand design changes, to incorporate non-invasive therapeutic 

sound frequency hertz for clinical settings. The design community has a responsibility 

and impact on the health, safety, and welfare of the public within the physical built 

environment.  Other research suggests continuation of the hospital noise abatement 
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programs have worked, like silent zones or quiet time hours. Yet there is more that can be 

done to improve the overall soundscape for patient wellness.  As this study suggests, 

creating design standards that will incorporate listening to therapeutic sound frequency 

hertz in clinical settings may indicate a trend towards a positive and pleasant effect on the 

patient mood states and physical vital signs. This suggests that therapeutic sound 

frequency hertz can become a non-invasive intervention as part of the soundscape 

environment and patient care delivery.  

Hospitals and clinical setting can adopt noise abatement programs as a design 

standard. The therapeutic sound frequency hertz, music listening can assist clinicians to 

create a healing environment to promote health and well-being (McCaffrey & Locsin, 

2002) by adding hertz into the soundscape for clinical settings. This design change allows 

for the design and medical teams to practice patterns that are evidence based, the use of 

music listening; like that of therapeutic sound frequency hertz, could become an integral 

nursing intervention (McCaffrey & Locsin, 2002). As this study begins to suggest, music 

demonstrates an effectiveness to decrease anxiety, increase relaxation as well as to 

distract persons from the unpleasant sensations and other unwanted annoying sounds in a 

clinical space. This study has added to the body of knowledge in how to improve the 

soundscape for clinical spaces. As future research explores the non-invasive uses of 

therapeutic sound frequency hertz on the people and the environment, the perception of a 

quieter clinical setting can increase the patient experience and satisfaction scores beyond 

that of what is today ranked at 63%. 
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5.6 Study Conclusions 

This study identified some correlations of the therapeutic sound frequency hertz 

had on the mood states and physical vital signs. The study also verified the relationship in 

how patients experience an environmental soundscape in the clinical setting. With a third 

of the study participants desiring to “change everything” in the clinical setting, this is a 

statement worth investigating to gain a deeper understanding of the underpinning of this 

need. The POMS-A results were non-validated but still proved to be useful to understand 

how the mood states were impacted from the sound intervention.  

Overall, the study did provide helpful direction for future research to inform the 

interior design practice. What is interesting about this study is its ability to provide 

information about therapeutic sound frequency hertz as a potential intervention in a 

clinical setting. This requires more research to expand such findings, as the existing 

knowledge reported by the literature reviews were minimal to none. 

Interior designers can educate themselves and the medical practitioner teams on 

the value to move beyond sound abatement programs to understand the properties of how 

sound frequency hertz can become a therapeutic agent in the healing process at the same 

time can create a perception of quietness, calm and wellbeing. This intervention can 

become a valid positive distraction against other annoying healthcare sounds.  

Future research would also benefit from better research training and oversight 

throughout the study execution, to minimize mishaps experienced with the study tools 

and processes. A controlled setting for all three clinics perhaps may have yielded better 
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results and a stronger connection to understand the physical environment effects on the 

study participants.  

In conclusion, the study did report positive mood state and vital sign changes 

using therapeutic sound frequency hertz were met with a theme of peacefulness, relaxing, 

calm, pleasing, and beautiful attributes to describe the soundscape. The incorporation of 

this as an intervention is new and should contribute to the current body of knowledge for 

an optimal healing environment (Sakallaris, McAllister, Voss, Smith & Jonas, 2015). 

This brings to light the early nursing work of Florence Nightingale, who used music 

listening as a nursing intervention “auditory modality” and viewed this as part of the 

environment (McCaffrey & Locsin, 2002). Nightingale felt that it was the responsibility 

of nursing to control the environment to put the patient in the best place for healing to 

occur. As design practitioners, work in healing environments must continue.  
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