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Executive Summary  
Environmental noise causes a wide variety of adverse health effects, including cardiovascular 

disease, endocrine effects, increased incidence of diabetes, sleep disturbance, annoyance, 

noise-induced hearing loss, and hypertensions (Passchier-Vermeer and Passchier 2000; 

Sørensen et al. 2013, Sandrock et al. 2009, Hughes & Jones 2001, Hammer et.al. 2014). Most 

recently our research effort (Xiang et.al. 2015, Dodds et.al. 2015) also correlates cognitive load 

of healthcare providers with excessively noisy environments often overwhelmed by alarms and 

noisy medical devices (Barach et.al. 2014). In noisy environments, school children have also 

exhibited poor learning performance (Lercher et al. 2002, Stansfeld et al. 2005). However, there 

is lack of knowledge on whether poor sonic environments may also be linked to stressors and 

place the most vulnerable groups in society at exposure risk, including pregnant women and 

infants. The Center for Architecture Science and Ecology (CASE) proposes a Mother-Child BEE 

Unit to the Gates Foundation. Within this adaptable framework we will incorporate acoustic 

sensors / sensor systems for comprehensive testing and analysis of the intersection between 

adverse sonic environmental indicators and indicators for healthy birth development and growth 

(HBGD).  This work is expected to advance knowledge on health indicators associated with 

environmental noise to improve maternal, perinatal and newborn health. 

 

Problem Statement  
Built environment infrastructure based on presently available technologies often encompasses 

components/equipment (e.g. HVAC systems, appliances, or devices) which are often sources of 

noise pollution. Many healthcare facilities including maternity wards are excessively noisy. While 

thermal comfort, indoor air quality, clean energy, etc., have so far been primary targets for linking 

environmental conditions to health outcomes, under-studied auditory comfort or sonic quality of 

the built environment could be of equal importance for maternal, perinatal, and newborn health to 

many other key environmental variables. Extrapolating the previous research results on human 

health effects of occupational health and safety, healthcare providers’ cognitive loads and child 

learning outcomes under noisy environments, it can be hypothesized that poor sonic environment 

may negatively impact maternal, perinatal and newborns health. Aimed at achieving ‘clean sonic 

environment’, our scientific and engineering approach within a transdisciplinary research team is 

expected to advance knowledge on interrelationships between environmental noise indicators 

and HBGD indicators. 

 

Scope and Approach 
Systematic monitoring and characterization of the sonic environment under investigation will pave 

a rigorous pathway to better understanding of human health, in general, and specifically of 
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maternal-perinatal and newborns health issues related with noise exposures. We will collect data 

describing the sonic environment (so-called soundscape) in test-bed: CASE Mother-Child BEE 

Unit by deploying a series of acoustic sensors, and make subsequently the project data broadly 

available. We expect that acoustic data collected within scope of our project along with 

collaborative data sharing may lead to potential uses of the data by many other communities. In 

this way, relevant health and environmental issues will be better understood and characterized, 

leading to more intelligent approaches to improving quality of care for mothers and newborns, to 

ensure mothers and newborns remain healthy during pregnancy and childbirth.  

 
Measurement and Evaluation  
In our proposed ecosystems test-bed, dedicated microphone systems, and microphone arrays 
(Xiang et.al. 2015, Bush & Xiang 2015) will be deployed to quantify sound field under 
investigation. In ‘Fresh Air’ effort using 1:3 scale “Office” chambers, acoustical binaural scale 
modeling instrumentation will be developed to investigate the air flow-induced sound/noise inside 
the scaled-down chambers. Airflow controls and HVAC systems for both air quality and thermal 
comfort often cause both noise and vibrations, therefore a non-contacting laser Doppler 
vibrometer-based vibrational sensor (measuring vibrational velocity, Xiang, & Sabatier 2004) will 
be deployed in the test-bed. For human factors and human health-related issues potentially 
caused by noise and vibrations, vibrational sensors (laser Doppler vibrometer) and binaural 

microphone (HEAD acoustics®) system (Robinson & Xiang 2013) will be used to monitor/collect 

acoustic data. Computational investigations using room-acoustic simulation tools and outdoor 
sound propagation models will also be applied to predict sound propagation inside and outside 
the buildings. Airflow coupled with acoustic flow will be simulated using wave-based modeling 

algorithms. Microflown® sensors (capable of 3D sound intensity vectors) will be used (Sü Gül, 

et.al. 2015) to visualize acoustic energy flows based on experimentally measured data. In 
collaboration with a team member working on ‘Clean Building Materials’, advanced acoustic 
measurement (sensor) systems will be applied to characterize sound absorption and reflections, 
dedicated equipment such as normal incident impedance tube measurement methods (Fackler & 
Xiang 2014), reverberation chamber-based random incident absorption measurement will be 
applied. For sound scattering characterization, chamber-based scattering coefficient measure-
ment, and acoustic free-field goniometer measurement will be used (Robinson & Xiang 2010).  
 
Organizational Fit and Capacity 
Our CASE center is leading a transdisciplinary team partnered with labs at Rensselaer in multiple 
engineering and sciences areas, including the partnership with the Architectural Acoustics 
Department headed by a CASE-affiliated faculty member that is internationally recognized and 
actively engaged in innovative acoustical materials, characterization of indoor and outdoor sound 
propagation, psychoacoustics, sound quality and soundscape applying advanced technological 
methodologies with the potential to significantly impact on environmental noise with human health. 
We have established innovative, highly novel and rigorous testing methods in architectural 
acoustics research, allowing systematic monitoring and evaluations of environmental noise and 
occupant feedback. CASE has secured millions of dollars in US government and other 
organizational grants over the last decade, and the Acoustics Department has also secured 
patents on multiple novel technologies and innovations. Our unique transdisciplinary team 
structure will enable our team to effectively address the multidisciplinary and multiscalar issues 
presented by environment-related human health in the global built environment.       
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