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Cardio-Respiratory Control Assessed Through the Quantification of the Variability of Breathing and Heart Rate



2 student collaborators





Project and Learning Plan
The goal of this research project is to characterize the central control of cardio-respiratory function through the quantification of the variability of breathing and heart function in human subjects. Control of the cardiac or respiratory system is an integrative process, such that the characteristic of any system parameter (i.e., breath duration) at any point in time is correlated with the characteristics previously occurring parameters. Even during a “steady state” condition, the variability of respiration is encoded with information pertaining to previous breaths and to the integrative nature of breathing. This property of ‘memory’ imparts a dynamic quality to the variability of the cardiac and respiratory systems. The accurate quantification of the variability of cardio-respiratory biosignals can provide insight into the integrative nature of the central system controllers, as well as characterization of the systems during different drive conditions. My interest in the control of the cardio-respiratory system developed while I conducted research at the University of Medicine and Dentistry of New Jersey and was further enhanced during my work at Dartmouth Medical School. I have a rich history in successful publications in peer-reviewed journals documenting my progress in characterizing the control of the cardio-respiratory system. My expertise in both invasive and non-invasive cardio-respiratory biosignal acquisition has facilitated my ability to validate the use of innovative non-linear models to quantify cardio-respiratory function in both animal preparations, as well as in human subjects. I initiated a program investigating cardio-respiratory control in human subjects at TCNJ, with the support of a SURP grant during the summer of 2007. My research program is dependent on student involvement, and ongoing.
I am requesting funding for two undergraduate students who would investigate the differences, or similarities, in the control of the cardio-respiratory system between female and male subjects. The cardio-respiratory system output will be recorded during periods of relaxation and during the stimulation of the systems, such as with light exercise. The students will be responsible for the accurate recording the activity of the main respiratory pump muscles (RESP) and the electrical activity of the heart (ECG). The students will be learning and applying mathematical algorithms, utilizing modern engineering tools available in the School of Engineering (including MATLAB, LABVIEW, C++, and BIOPAC) to calculate the time interval between successive breaths or heart beats. The raw biosignal data will need to be appropriately filtered, and the interval data extracted using a combination of threshold, peak detection, and adaptive analytical techniques. Each of the two students will focus on one biosignal, either the RESP or the ECG. Due to the distinct intrinsic morphology and time scale of each biosignal, as well as the nature of the embedded biosignal noise that will need to be characterized and eliminated from the target signal, the recording and analysis techniques will differ for the study of the RESP and ECG. The students will also use locally designed tools to quantify the variability of the biological signals, and then determine the effect of the stimulation. The students will need to compare the effect of the stimulation to both data sets, RESP and ECG. While this provides for independent work from the students, the limited overlap in the experimental approach will also provide the opportunity for collaborative work.  


My objective for the outcome of MUSE 2008 is twofold: I seek to continue the integration of undergraduate students in my research program at TCNJ, and to further refine the direction of my research program in the study of cardio-respiratory control. I have selected two highly achieving rising juniors with good programming and quantitative skills to work with me on this endeavor. These students started working with me last summer (as SURP students) and are currently involved in a research project in my laboratory.
The skills the students have learned, and will hopefully continue to refine this summer, build on knowledge and experiences gained in the classroom. Material presented in the classroom is generally very controlled and deterministic, in that when given the same problem, all students should return with a similar, or the same, solution. With human experimentation, this is never true. Although we expect to see similar responses, there should always be noticeable difference in data from different subjects. The variance of the data is real and necessary. Nothing brings this home as much as the application of techniques to the unpredictable nature of human experimentation.
It is important to note that the students listed in this application, are currently conducting IRB-approved human experiments investigating cardio-respiratory control, using the techniques they learned during the SURP program. The results, in abstract form, are being submitted for inclusion into the 5th Annual NJ Biomedical Engineering Showcase, to be held this March at Rutgers University. 

Appendix a: Faculty Vita

Curriculum Vitae
EDUCATION	

Rutgers University, Center for Management Development, New Brunswick, NJ 
Mini-MBA: Business Essentials, 2005 

	Rutgers University & University of Medicine and Dentistry of New Jersey, New Brunswick, NJ 
Ph.D. in Biomedical Engineering, 1998 
Dissertation: “Mechanical Attributes of the Genioglossus Muscle: Implications for Patients with Obstructive Sleep Apnea”
	
Boston University, College of Engineering, Boston, MA
B.S. in Biomedical Engineering, 1994
Senior Thesis: “Muscle Performance in the Back Analysis System Compared to Lifting Tasks”

TEACHING EXPERIENCE

	The College of New Jersey, Ewing, NJ
	Assistant Professor of Biomedical and Electrical Engineering, 2006 – Present
Developed and implemented course goals and objectives, course structure, exams, projects and grading.

· BME251, Introduction to Biomedical Engineering (Spring 2008, 1 section; Spring 2007, 1 section): an introductory course providing an overview of specializations within the field of biomedical engineering, including classical and current trends related to biomechanics, biomaterials, bioinstrumentation, and physiological models. Consideration of moral, ethical, and biosafety issues are also discussed.
· BME391, Independent Study (Fall 2008, 1 section; Spring 2007, 1 section): the application of signal processing and modeling methods to physiologic signals; including linear and nonlinear analysis, along with deterministic and stochastic techniques.
· BME470, Biomedical Engineering Special Topics (Fall 2006, 1 section): an introductory course for biomedical engineers in signal processing and linear systems. The material provided in this course will build a foundation of signal and systems tools with direct usage to biomedical engineers.
· BME473, Bioinstrumentation (Spring 2008, 1 section; Spring 2008, 1 section): an introductory course in the design of biomedical instrumentation for engineering students of all disciplines. The emphasis of the course will be to learn and apply engineering principles to solve unique problems associated with making measurements in living systems.
· ENG352, Control Systems (Fall 2007, 2 sections): the theory and application of electrical analog and digital control systems with emphasis on specific applications to control systems for industrial processes and especially their application to electrical, hydraulic, pneumatic, and mechanical systems.

· ENG354, Control Systems Laboratory (Fall 2007, 2 sections; Spring 2007 1 section; Fall 2006 2 sections): an introductory laboratory course in control systems for engineering students of all disciplines. This provides a hands-on experience in the analysis, design modeling and simulation of analog and digital controllers with the aid of computer software; LabVIEW, MATLAB, and SIMULINK.

	University System of New Hampshire, College for Lifelong Learning, Lebanon, NH
	Adjunct Faculty, 1999 – 2000
Developed and implemented course goals and objectives, course structure, exams, projects and grading, and instructed systems physiology courses. Incorporated laboratory demonstrations utilizing medical and research facilities.

· Human Biology (Spring 1999 and Fall 2000): an introductory human systems physiology course covering the structure and function of the human body, from the cellular level through organ systems, and the effect of disease on system function (4 credits)
· The Human Brain (Winter 2000): a neurophysiology course covering basic structure and function of the human nervous system, and  the effect of disease and pharmacological treatment on neurological function (4 credits)
· Introduction to Human Genetics (Fall 1999): an introductory course covering the biochemical basis of genetics, the transmission of genes and inheritance, and the impact of genetic engineering in modern society (4 credits)
	Dartmouth-Hitchcock Medical Center, Lebanon, NH
	Cardiopulmonary Resuscitation Instructor, 1999 – 2000
	Coordinated the implementation of and instructed the American Heart Association's cardiopulmonary resuscitation courses (adult, child, infant, and automated external defibrillation) to medical students and health care workers at Dartmouth Medical School.

MENTORED DESIGN PROJECT EXPERIENCE

	The College of New Jersey, Department of Electrical and Computer Engineering, Ewing, NJ
	Fall 2007 – Spring 2008
	Directed an interdisciplinary engineering senior project team (4 students: 2 biomedical, 1 electrical and 1 mechanical) that designed and constructed an automated-electric wheelchair commanded with bio-electric potentials generated from a human subject. This device allows subjects with limited or no functional muscle control below the level of the neck to control the movement of the wheelchair.
	Summer 2007
SURP Award: Along with two TCNJ undergraduates, investigated the control of the cardio-respiratory system using a novel non-invasive approach that relied on the quantification of the variability of heart rate and breathing rate.

	


	Dartmouth Medical School, Department of Physiology, Lebanon, NH
	1998 - 2001
Mentored the following undergraduate student projects:
· GUI-based MATLAB routine to analyze the variability of heart rate during sleep using Fourier and auto-regressive spectral analysis
· GUI-based MATLAB routine to extract respiratory timing measurements from airflow recordings from humans and animal experiments
· LabView VI that simultaneously recorded and analyzed respiratory signals to drive an electrical nerve fiber stimulator

Robert Wood Johnson Medical School, Division of Pulmonary and Critical Care Medicine, New Brunswick, NJ
	1996 - 1998
Mentored a student in the design of an operational amplifier-based variable phase delay circuit to augment the functionality of a servo-respirator

RESEARCH EXPERIENCE

	The College of New Jersey, Department of Electrical and Computer Engineering, Ewing, NJ
	Assistant Professor, 2006 – Present
Designed, developed and completed independent research studies in the field of cardio-respiratory control.  

	Dartmouth Medical School, Department of Physiology, Lebanon, NH
	Post Doctoral Fellow, 1998 – 2001
Designed, developed and completed independent research studies in the field of cardio-respiratory control during wakefulness and sleep.  

Developed, tested, and implemented the following medical devices and diagnostic algorithms for use in human experimentation:
· software-based control programs to drive medical instrumentation
· surface and intramuscular electrode systems to record skeletal muscle activity
· Fourier, wavelet, and auto-regressive spectral analyses of the variability of periodic and aperiodic biological signals
· noninvasive protocols for the study of the neuronal control of chest wall mechanics

Directed and collaborated with intra and inter-departmental teams comprised of PhDs, MDs, and graduate students to coordinate, develop, and implement research projects. 

Supervised undergraduate student design projects and directed and mentored graduate and medical students, and clinical fellows in the design of research projects.

	Robert Wood Johnson Medical School, Division of Pulmonary and Critical Care Medicine, New Brunswick, NJ
	Graduate Student, 1994 – 1998
Designed, developed and completed independent research to study the control of upper airway muscle function in humans with the Obstructive Sleep Apnea Syndrome.



Developed and implemented several medical diagnostic devices for use in human experimentation:
· biomedical sensors to measure pressure and force production of skeletal muscles
· surface and intra-muscular electrodes to record skeletal muscle activity
· phase delay circuitry for a servo-respirator
· protocols for the imaging of skeletal muscle physiology using ultrasound and MRI
· software-base analysis algorithms to measure muscle distension using MRI and ultrasound images, enhancing spatial resolution
· 	Supervised undergraduate student design projects and medical students in their research projects.

Boston University, NeuroMuscular Research Center, Boston MA
	Undergraduate Senior Research Project, 1993 – 1994
Designed and implemented a human study protocol for the investigation of skeletal muscle fatigue during dynamic movements using IR-based static and dynamic movement analysis and surface electromyography.

INDUSTRIAL EXPERIENCE
	
	The Business Research Group, Mt. Olive, NJ
Account Director, 2005 – 2006
Management and direction of pharmaceutical consultancy projects. 

· Developed tactical and strategic planning recommendations of drug and medical device development for pharmaceutical clients
· Conducted market analyses of intravascular ultrasound, optical imaging, and MRI probes
· Responsible for allocating and directing personnel and resources to fit the demands of projects 
· Wrote and delivered interim updates and final reports to clients via teleconferences and site visits
· Attended and reported on pharmaceutical and medical device international conferences
· Assisted in the development and production of marketing strategies targeted to prospective clients from the pharmaceutical and medical instrumentation industries

	The BioAnalytics Group, Hightstown, NJ
Senior Scientist, 2004 – 2005
Developed custom solutions for the improvement of assay data analysis algorithms, biological models, and scientific software.

· Developed and implemented computer-based models of cardiac muscle cells using multi-parameter estimation and optimization techniques
· Developed statistical analysis routines for the identification of cancer markers from multiple cell lines

	


	Physiome Sciences, Princeton, NJ	
	Product Support Engineer/ Modeling Scientist, 2002 – 2003
	
	Product Support Engineer
Managed quality product support for in-house users and external clients from the pharmaceutical industry and academic institutions. Designed and implemented validation and verification protocols for software, and a server and pc-based computational environment that were designed in-house. 

· Collected, itemized and reported customer needs to software and scientific management, increasing customer satisfaction
· Designed processes and standard operating procedures to manage and prioritize incoming product support requests from multiple sources, resulting in an increase in consistency of action and a decrease in time to response
· Developed and established a dynamic and scalable database to track and record all product support-related services
· Created ‘hands on’ training courses for customers
	
	Modeling Scientist
Developed and implemented a software solution for the building, validation, and storage of predictive (differential equation–based, stochastic and deterministic) mathematical models the electrical activity of heart muscle and protein pathways. Software capabilities included: graphical modeling of cardiac muscle cells and biochemical pathways (solved using ordinary differential equations) and a web-based server environment that stored pathway models, associated data, and annotation in a scalable and searchable database.

· Coordinated and participated in the design of biochemical/metabolic pathway and excitable tissue models using deterministic and stochastic mathematics 
· Developed a model of adrenergic modulation of cardiac myocyte ion channel function
· Developed software routines to build pathway models from microarray data 
· Created a visually-oriented and scalable database to organize and store information derived from the scientific literature, making scientific information more accessible to modeling scientists
BUSINESS DEVELOPMENT

American Management Association Seminar (2002). Focus on Service: Handling yourself and your customer.

PROFESSIONAL AFFILIATIONS

	American Physiological Society, Regular Member
	Biomedical Engineering Society, Regular Member



PEER REVIEWED PUBLICATIONS 

Bu Sha, B. F., S. J. England, R. A. Parisi, and R. J. Strobel. Force production of the genioglossus as a function of muscle length in normal humans.  Journal of Applied Physiology. 88: 1678-1684, 2000.

BuSha, B. F., B.G. Judd, H.L. Manning, P.M. Simon, Brain C. Searle, J.A. Daubenspeck, and J.C. Leiter.  Identification of respiratory vagal feedback in awake normal subjects using pseudorandom unloading. Journal of Applied Physiology. 90(6): 1230-1240, 2001.

BuSha, B. F., J. C. Leiter, A. K. Curran, A. Li, E. E. Nattie, and R. A. Darnall.  Spontaneous arousals during quiet sleep in piglets: A visual and wavelet-based analysis. Sleep. 24(5): 499-513, 2001.

BuSha, B.F., R.J. Strobel, and S.J. England.  The length-force relationship of the genioglossus muscle in patients with obstructive sleep apnea. Respiration Physiology & Neurobiology, 130: 161-168, 2002.

BuSha, B.F. and M.H. Stella.  State and chemical drive modulate respiratory variability. Journal of Applied Physiology, 93: 685-696, 2002.

BuSha, B.F., M.H. Stella, H.L. Manning, and J.C. Leiter.  Termination of inspiration by phase-dependent respiratory vagal feedback in awake normal humans. Journal of Applied Physiology, 93: 903-910, 2002.

PEER REVIEWED BOOK CHAPTER

BuSha, B.F., M.H. Stella, S. Landry, J.A. Daubenspeck and J.C. Leiter.  Modulation of breathing using imperceptible unloading.  In: Frontiers in modeling and control of breathing: integration at molecular, cellular and systems levels. Eds. C.-S. Poon and H. Kazemi, Kluwer Academic/Plenum Publishers, NY, September 2001.

PEER REVIEWED ABSTRACT PUBLICATIONS
	
Bu Sha, B. F., M. Dikengal, C. Sarokhan, R. A. Parisi and R. J. Strobel.  Length-tension relationship of the genioglossus in obstructive sleep apnea patients and normal controls. American Journal of Respiratory and Critical Care Medicine 151(4): A558, 1995. (Presented as a poster at the American Thoracic Society’s International Conference, Seattle, WA, June 1995).

Bu Sha, B. F., S. J. England, R. A. Parisi and R. J.  Strobel.  Length-endurance relationship of the genioglossus in normal humans.  American Journal of Respiratory and Critical Care Medicine 155(4): A14, 1997.  (Presented at a mini-symposium at the American Thoracic Society’s International Conference, San Francisco, CA, June 1997).

Bu Sha, B. F., J.C. Leiter, A. Curran, and R.A. Darnall. Wavelet analysis of EEG and blood pressure during spontaneous arousals in NREM sleep in piglets. FASEB Journal. 14(4): A388, 2000. (Presented as a poster at Experimental Biology, San Diego, CA, April 2000).

Bu Sha, B. F., B.G. Judd, H.L. Manning, P.M. Simon, J.A. Daubenspeck, and J.C. Leiter.  Identification of the Hering-Breuer reflex in awake normal subjects using pseudorandom unloading.   FASEB Journal. 14(4): A390, 2000. (Presented as a poster at Experimental Biology, San Diego, CA, April 2000).

BuSha, B.F., M.H. Stella, S. Landry, J.A. Daubenspeck and J.C. Leiter.  Modulation of breathing using imperceptible unloading. (Presented as a poster at Oxford Conference VIII, Frontiers in Modelling and Control of Breathing: Integration at Molecular, Cellular, and Systems Levels, North Falmouth, Massachusetts, October 2000).

BuSha, B.F., M.H. Stella and D. Bartlett, Jr. State and chemical drive modify respiratory variability. FASEB Journal 15(5): A800, 2001. (Presented at a mini-symposium and as a poster at Experimental Biology, Orlando, FL, April 2001).

ACADEMIC PRESENTATIONS

Biomedical Engineering Symposium, Rutgers University, New Brunswick, NJ. Length-tension relationship of the genioglossus in obstructive sleep apnea patients and normal controls. Poster presentation, December 1994

William A. Briscoe New York Lung Club, Cornell University Medical College, New York, NY. Length-tension relationship of the genioglossus in obstructive sleep apnea patients and normal controls. Slide presentation, December 1994

American Thoracic Society’s International Conference, Seattle, WA. Length-tension relationship of the genioglossus in obstructive sleep apnea patients and normal controls. Poster presentation, June 1995

New Jersey Thoracic Society Meeting, New Brunswick, NJ. Length-tension relationship of the genioglossus in obstructive sleep apnea patients and normal controls. Slide presentation, June 1995

American Thoracic Society’s International Conference, San Francisco, CA. Length-endurance relationship of the genioglossus in normal humans. Slide presentation at a mini-symposium, June 1997

New Jersey Thoracic Society Meeting, New Brunswick, NJ. Length-endurance relationship of the genioglossus in normal humans. Slide presentation, June 1997

Department of Pulmonary and Critical Care Medicine Research Seminar, Robert Wood Johnson Medical School, New Brunswick, NJ. The genioglossus muscle and the obstructive sleep apnea syndrome. Slide presentation, October 1998

Department of Physiology Seminar, Dartmouth Medical School, Lebanon, NH. Mechanical Attributes of the Genioglossus Muscle: Implications for Patients with Obstructive Sleep Apnea. Slide presentation, March 1999

Department of Physiology Research Seminar, Dartmouth Medical School, Lebanon, NH. Mechanical Attributes of the Genioglossus Muscle: Implications for Patients with Obstructive Sleep Apnea. Slide presentation, November 1999

Invited Seminar Speaker, Circadian, Neuroendocrine and Sleep Disorders Section, Brigham & Women's Hospital, Harvard Medical School, Boston, MA. Mechanical Attributes of the Genioglossus Muscle: Implications for Patients with Obstructive Sleep Apnea. Slide presentation, January 2000

Arts and Sciences Graduate/Professional Poster Session, Dartmouth College, Hanover, NH. Identification of the Hering-Breuer reflex in awake normal subjects using pseudorandom unloading. Poster presentation, April 2000

Experimental Biology International Meeting, San Diego, Ca.  Identification of the Hering-Breuer reflex in awake normal subjects using pseudorandom unloading. Slide presentation at a mini-symposium and poster presentation, April 2000

Experimental Biology International Meeting, San Diego, Ca.  Wavelet analysis of EEG and blood pressure during spontaneous arousals in NREM sleep in piglets. Slide presentation at a mini-symposium and poster presentation, April 2000

Oxford Conference VIII, Frontiers in Modeling and Control of Breathing: Integration at Molecular, Cellular, and Systems Levels, North Falmouth, Massachusetts, Modulation of breathing using imperceptible unloading. Poster presentation, October 2000

Experimental Biology International Meeting, Orlando, Fl.  State and chemical drive modify respiratory variability. Slide presentation at a mini-symposium and poster presentation, April 2001 

Arts and Sciences Graduate/Professional Poster Session, Dartmouth College, Hanover, NH. State and chemical drive modify respiratory variability. Poster presentation, April 2001

Department of Physiology Research Seminar, Dartmouth Medical School, Lebanon, NH. State and chemical drive modify respiratory variability. Slide presentation, June 2001


Appendix: b.
Past SURP award report
I was awarded a SURP award for the summer of 2007 in conjunction with the same students listed on this application (Erik Hage and Cory Hofmann). The goal of the previous award was to expedite the initiation of my research program at TCNJ, and to develop an active, comprehensive research plan that incorporates undergraduates. I purposefully selected two highly achieving rising juniors with good programming and quantitative skills to work with me on this endeavor. It was my hope that the students would develop a keen interest in this research and have a sustained experience that could span their final two years of undergraduate training. I believe that I fully accomplished my goals, in that I currently have a student-centered research program, and the students are both enjoying the experience and giving serious consideration to graduate studies.
The summer research came to a successful completion at the end of the 2007 SURP program. The students were able to collect and analyze data, draft an abstract of the experience, and most impressively, design further human study protocols to expand on the data collected during the summer of 2007. The students opted to continue their research experience with me throughout the 2007-2008 academic year. During the fall semester, the students actively assisted me in the development and submission of a human testing protocol that was submitted to the Institutional Review Board at TCNJ. The protocol was accepted in December 2007. The students are actively collecting data in order to draft and submit an abstract for presentation at the 5th Annual Biomedical Engineering Showcase at Rutgers University (Friday March 14, 2008). It is my expectation that this will be successful. If I judge the data sufficient, it is also my intent to pursue the publication of these data in the appropriate peer-reviewed publication, in which the students will share in authorship.
Both students, now juniors, are expressing intent to apply to graduate school programs in biomedical engineering.



Appendix: c.
Budget
Student stipend	Eric Hage				$2,500
			housing				$1,252
			Cory Hofmann			$2,500
			housing				$1,252

Faculty stipend	Brett BuSha				$1,000

Research supplies		disposable electrodes	$200
	Justification: Disposable electrodes also do not require additional electrolyte (an added cost) to function properly.
			
alcohol prep-pads		$50

Total budget			$8,754


Appendix: d. Student Applications

Erik Hage
Biomedical Engineering 2009
Completed course credits: 101
GPA: 3.519
Housing: yes

	One of my primary goals is to enter the field of Biomedical Engineering and become involved in research.  Participation in the Mentored Undergraduate Summer Experience will be a significant step towards reaching this goal.  Research experience is a vital factor when applying for an internship or a job.  Potential employers would see that I had considerable experience in the lab, not just classroom work like most other applicants.  It would be obvious that I am motivated to explore subjects outside of the curriculum.  Considering my desire to enter graduate school and eventually earn a Professional degree, it is essential that I have something to separate myself from my peers.  My chances of being accepted into such a program would be greatly increased by participation in MUSE.  

	My past work experiences, though not directly related, include working for a restaurant and a confectionary establishment.  My work ethic and discipline can be seen in my long shifts, usually over eight hours, the duration of my employment, over 10 years, and my position as a manager.  By the end of this semester, I will have completed eleven lab courses.  These include General Physics, General Chemistry, Organic Chemistry, Themes in Biology, Genetics, Circuit Analysis, Electrical Engineering Lab I, Mechanical Engineering Lab I, and Physiological Systems Lab.  These courses have taught me proper experimental procedure and safety.  I also hope to expand on my knowledge of the laboratory this summer: learning new techniques, acquiring new skills, and gaining insight into bioinstrumentation.  I have always taken the greatest care in experiments to execute them accurately.  My performance in my classes speaks for itself: A’s and high B’s.  It took hard work and determination to achieve these grades.  I will direct that same hard work and determination to my participation in MUSE. 

	Research into the variability involved in the rhythmic nature of the respiratory and cardiovascular systems is of great interest to me.  My long term goals will undoubtedly involve human physiological systems, as I plan to work on systems that will be used on and in the human body.  The more experience I gain studying in the lab and working with instruments used to measure electrical signals, the better chance that I will be hired for such a position.  This summer we will be continuing research into the variables that affect the variability in human heart and breathing rates. We will be focusing now on the difference between males and females.  This subject is of great interest to me, and I wish to continue to investigate it.  

Cory Hofmann
Junior Biomedical Engineering Major
Expected Graduation May ‘09
GPA: 3.69 (School of Engineering GPA: 3.73)
110 Credit Hours (128 as of Summer ’08)
On Campus Housing Requested

Participation in The College of New Jersey’s Mentored Undergraduate Summer Experience can offer a myriad of opportunities to any young student pursuing a strong foundation in their respective discipline.  Biomedical Engineering is a relatively new and exponentially expanding field.  With this in mind, gaining exposure to many different topics within the field is important.  This research program can provide a wealth of knowledge that no book can offer, as well as an experience that will last a lifetime.  Interaction with professors and fellow students can provide valuable work experience, along with the knowledge of how to conduct experiments and engage in important research techniques.  A personal goal of mine is to obtain a job upon graduation with a company that will offer to pay for me to extend my education through graduate school.  This program will help set me apart from my peers and allow me to obtain my career goals.  As for my educational goals, this program will not only help me to maintain a good grade point average, but it may ultimately assist in furthering my education by giving me the opportunity to receive a masters or doctorate in a specific field of biomedical engineering.
	I feel that I am highly qualified to participate in this prestigious program.  During my freshman year at TCNJ, I received the Fred O. Armstrong Scholars award for academic excellence in the field of Biomedical Engineering Bachelor of Science for Biomedical Engineering.  In addition, I have been on the Dean’s List every semester completed so far in my collegiate career.  In my two years at the college I have learned the importance of laboratory technique and measurements, how to exhibit strong teamwork and leadership capabilities, and how to budget my time.  These are all extremely important qualities; however, the most meaningful aspect of my academic career is my personal dedication to my work.  I am always striving to learn, to expand my mind, and to represent myself by doing the best work I can possibly do.
	This project will be a continuation of research conducted last summer with a colleague and faculty mentor.  Our research is on the control of the brain of cardio-respiratory control.  We want to study the effects that different conditions (i.e. route of breathing, gender, etc) have on the variability of breathing and heart rate.  Last summer we refined our data acquisition techniques, and received IRB approval to continue with our research.  Our goal for this summer is to extend the scope of our research, with the ultimate aim of writing a paper to be published.  The respiratory and cardiovascular systems are engaging topics of study.  Both are rhythmic, but also vary to great degrees.  They can account for many different states and conditions of the body by the use of feedback mechanisms.  This research program will compare and contrast how the different systems react to certain changes in the body, and how the two correlate based on different states of the body.  The MUSE program is a rare and valuable opportunity; the ability to conduct valuable research and set a strong foundation for a career in a very important field to the future of our society.					

