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Bachelor	of	Science	in	Engineering	Science	

I.  Program	Purpose	and	Outcomes	
 
The BS in Engineering Science will allow students to follow a more interdisciplinary 
program than the current degree programs in the College of Engineering (CoE) can allow.  
The program is designed to serve as an incubator for more targeted engineering degree 
programs through the development of specialized tracks.  The initial program tracks are 
Biomedical Engineering (BME) and Aerospace Engineering (Aero). If a track is successful in 
enrollment and in meeting desired outcomes, the College will propose that these tracks 
become stand-alone degree programs in the future.  While ABET, the engineering 
accreditation organization, recognizes 28 different programs (including Engineering 
Science); the College currently offers only four.1  Through the proposed BS in Engineering 
Science, the College will be equipped to expand strategically our offerings based on student 
interest, state and workforce need, and our own capacity, allowing UH Mānoa to better 
compete with engineering programs across the country. In addition to flexibility in 
program offerings, there is another practical advantage to using this “incubator” approach. 
It is fairly easy for us to get the engineering science program ABET accredited because 
there are no specialized program criteria that we need to meet from the start; we need 
meet only the general criteria that all programs must meet. Hence, no matter what the 
“track”, students will graduate from an ABET-accredited program. Once we are ready to 
establish a specialized degree, everything will be in place for it to become ABET-accredited 
as well.  
 
Engineering accreditation by ABET requires all programs to have the following student 
outcomes and to assess rigorously the achievement of these outcomes: 
 
(1) An ability to identify, formulate, and solve complex engineering problems by applying 

principles of engineering, science, and mathematics; 
(2) An ability to apply engineering design to produce solutions that meet specified needs 

with consideration of public health, safety, and welfare, as well as global, cultural, 
social, environmental, and economic factors; 

(3) An ability to communicate effectively with a range of audiences; 
(4) An ability to recognize ethical and professional responsibilities in engineering 

situations and make informed judgments, which must consider the impact of 
engineering solutions in global, economic, environmental, and societal contexts; 

(5) An ability to function effectively on a team whose members together provide 
leadership, create a collaborative and inclusive environment, establish goals, plan 
tasks, and meet objectives; 

(6) An ability to develop and conduct appropriate experimentation, analyze and interpret 
data, and use engineering judgment to draw conclusions; 

(7) An ability to acquire and apply new knowledge as needed, using appropriate learning 
strategies.   

 

                                                             
1 Civil Engineering, Computer Engineering, Electrical Engineering, and Mechanical Engineering. 
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The above outcomes establish what the student will know and be able to do upon 
completion of the program. 
 
The proposed program is consistent with the Integrated	Academic	and	Facilities	Plan	for	the	
University	of	Hawai‘i	System, approved by the Board of Regents on April 20, 2017. This 
program will help UH attract more high school students locally and nationally. For example, 
BME is an area where we already have faculty expertise but no program.  BME is the 5th 
most popular engineering major nationally, with about 40% female students (our current 
ratio is about 22%, which is consistent with the national average over all engineering 
majors). Currently, Hawai‘i students interested in BME must go out of state for the degree. 
BME and other tracks will allow students to study more in their areas of interest and still 
graduate from an ABET-accredited program. As an additional opportunity for students to 
pursue an engineering degree, this program will also help retention and persistence of 
enrolled students. Engineering has already established pathways with the UH Community 
Colleges for transferring students. This new program will strengthen these pathways and 
create more opportunities for students across the System. 
 
Evidence	of	Continuing	Need	for	the	Program	
	
UH Mānoa offers the only ABET-accredited engineering degrees in the state, and 
engineering is critical to the continued development of Hawai‘i’s economy. Society is 
becoming ever more technological, and the need for engineers is increasing.  In addition, 
engineering is becoming more interdisciplinary, as “engineering” is applied to more and 
more areas. Biomedical engineering is an example of a fairly recent discipline, especially 
when compared to the traditional fields of civil, electrical, and mechanical engineering. 
Over the last 10 years, the number of degrees awarded nationally in those three programs 
has increased 22%, 4%, and 60%, respectively. During the same time, however, the number 
of degrees awarded in biomedical engineering has increased 108%. It is imperative that UH 
Mānoa adapt to new programs in engineering. 
 
UH Mānoa engineering graduates are hired by large multinational firms, including Boeing, 
Raytheon, Northrup-Grumman, and Microsoft.  Career opportunities are good.  An 
engineering education teaches students to find realistic solutions to practical problems. 
This is a skill set that is transportable to a number of different fields. Many employers, 
especially in industries that do not align solely with a traditional discipline, are looking for 
employees with technical training and they will hire cross-discipline, i.e., they will hire 
from multiple disciplines for the “same” job. 
 
Engineering Science, designed as an interdisciplinary program, is broad enough to 
correspond with a variety of employment categories, and graduates can work in multiple 
areas.   As sustainability considerations in design and operations become more and more 
required, engineers with special training will be needed, and this program would be able to 
accommodate a program of study that will fulfill this niche.  In addition, graduation from an 
ABET-accredited program will allow graduates to pursue professional engineering 
licensure after gaining work experience. As baby-boom engineers retire, there will 
continue to be a need for new engineers to replace them.    
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Graduates following the BME track in Engineering Science for hospitals, which are in need 
of trained engineers to deal with the ever-increasingly sophisticated machines used for 
diagnostics and surgery. These graduates will be well suited for graduate studies in 
biomedical sciences and medicine as well. This track is being developed in concert with 
JABSOM.  
 
The track in Aerospace Engineering has been developed in collaboration with the Hawai‘i 
Space Flight Laboratory and SOEST. In addition to many aerospace companies, some with 
offices here, UH Mānoa itself may become a center for designing and launching small 
satellites. This program will be able to supply the technical workforce to support these 
activities, as well as provide the scientists with the technology they need to do their 
science. 
 
Engineers with training in emerging areas such as cybersecurity and data science are 
becoming more and more sought after, including non-engineering industries. For example, 
we have met with the heads of Bank of Hawaii and American Savings Bank about their 
interest in engineering graduates, and the former comes regularly to our career fair. The 
program tracks will be carefully controlled to respond to emerging areas, market needs, 
and student interest.  We anticipate that once the program is established there will be 35-
50 graduates per year. 
 
According to Hawai‘i Industry Sectors, “Engineering, All Other” has a “bright outlook,” with 
711 jobs projected in 2018 alone.  The average entry-level salary in the state is $96K ($97K 
nationally), with an overall average salary of $128K (or $153K nationally).  For Biomedical 
Engineering, the average entry-level salary in the state is $65K ($85K nationally), with an 
overall average salary of $85K ($135K nationally).  For Aerospace Engineering, the average 
entry-level salary in the state is $77K ($110K nationally), with an overall average salary of 
$94K ($160K nationally). 
 
The proposed Engineering Science program is designed to help UH Mānoa keep pace with 
and better respond to emerging industries and programs of study.  
 
II.		Program	Organization	
 
The BS degree program requires a minimum of 124 credit hours for the Biomedical 
Engineering Track and 124 credit hours for the Aerospace Engineering Track.    
Students must complete the College of Engineering requirements, which satisfy the 
University General Education Core Requirements. These courses total 51 credit hours. (A 
list is available upon request).  
 
Program	Requirements:		Biomedical	Engineering	Track	
Students in the Biomedical Engineering track must complete an additional 73 credit hours: 
 

Biology, Chemistry, Biomedical Engineering (24) 
● BIOL 171 + 171L Introduction to Biology (with Lab) (4) 
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● PHYL 141/141L Human Anatomy and Physiology/Lab (4) 
● EE 480 Introduction to Biomedical and Clinical Engineering (3) 
● BIOC 241 Fundamentals of Biochemistry (3) 
● MICR 361 Introductory Bioinformatics (4) 
● ENGR 396 Junior Vertically Integrated Project (3) or ME 481 (4) 
● EE 496 Capstone Design Project (3) or ME 482 (3) 
 
Mechanics (13) 
● CEE 270 Applied Mechanics I (3) 
● CEE 271 Applied Mechanics II (3) 
● ME 371 Mechanics of Solids (3) 
● ME 311 Thermodynamics (4) 
 
Signal and Systems (18) 
● EE 160 Programming for Engineers (4) 
● EE 211 Basic Circuit Analysis I (4) 
● EE 351/351L Linear Feedback Control Systems/Lab (4) 
● ME 375 Dynamics of Machines and Systems and Lab (4) 
● ME 402 Dynamics Systems Laboratory (2) 
	
Math (6) 
● MATH 302 Introduction to Differential Equations I (3)  
● MATH 372 Elementary Probability and Statistics (3) 
 
Core Electives	(12, 6 from each of any two of the following core areas):	
● Sensing	

BE 373 Transport Phenomena (3),  BE 420 Sensors and Instrumentation for 
Biological Systems (3),  EE 323 Microelectronic Circuits I (3) 

● Thermodynamics	and	heat,	mass	transfer	
ME 322 Mechanics of Fluids and Lab (4), ME 422 Heat Transfer and Lab (4), 
ME 423 Mass Transfer (3) ME 360 Computational Methods in Engineering (3) 

● Materials/Manufacturing	
ME 331 Materials Science and Engineering (3), ME 341 Manufacturing 
Processes and Lab (4) 

● Medical/Chemistry	
CHEM 272/272L Organic Chemistry I/Lab (5), CHEM 273/273L Organic 
Chemistry II/Lab (4),  PHYL 142/142L Human Anatomy and Physiology/Lab 
(4), MICR 461 Immunology (3) 

	
Program	Requirements:		Aerospace	Engineering	Track	
Students in the Aerospace Engineering Track must complete an additional 73 credit hours: 
 

Aerospace, Aeronautics and Astronautics (20) 
● ASTR 281 Astrobiology (3) 
● ME 418 Power & Propulsion (3) 
● ME 419 Astronautics (3) 
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● GG 460 Geological Remote Sensing (4) 
● ME 481 Design Project I (4) 
● ME 482 Design Project II (3) 
	
 
Signal and Systems (18) 
● EE 160 Programming for Engineers (4) 
● ME 213 Introduction to Engineering Design (3) 
● EE 211 Basic Circuit Analysis I (4) 
● ME 375 Dynamics of Machines and Systems and Lab (4) 
● ME 451 Feedback Control Systems (3) 
 
Mechanics (17) 
● CEE 270 Applied Mechanics I (3) 
● CEE 271 Applied Mechanics II (3) 
● ME 311 Thermodynamics (4) 
● ME 322 Mechanics of Fluids and Lab (4) 
● ME 371 Mechanics of Solids (3) 
 
Math (9) 
● MATH 302 Introduction to Differential Equations I (3), 
● MATH 307 Linear Algebra and Differential Equations (3) or 

MATH 311 Introduction to Linear Algebra (3) 
● ME 360 Computational Methods in Engineering (3) 
	
Core Electives (9): 
● ME 374 Kinematics/Dynamics of Machinery (3), 
● ME 422 Heat Transfer and Lab (4) 
● ME 404 Computational Fluid Mechanics (3) 
● ME 424 Introduction to Gas Dynamics (3) 
● ME 471 Experimental Stress Analysis (3) 
● ME 473 Vibrations (3),  
● ME 492 Special Topics in Mechanical Engineering: Orbital Mechanics (3) 
● ME 492 Special Topics in Mechanical Engineering: Aerodynamics (3) 
● EE 323 Microelectronic Circuits I (3)   
● ME651 Automatic Control (3) 
● ME 696 Advanced Topics in Mechanical Engineering: Guidance,  
            Navigation & Control (3).  

 
Notes:  
1. All courses currently exist and will be offered regularly. 
2. MATH 302 is taught over the summer, which will allow UHCC transfers to still graduate in 4 years. 
3. CEE 270 is taught as CE 270 at the UH Community Colleges 

 
Sample curriculum sheets for the Biomedical Engineering and Aerospace Engineering 
tracks are available upon request.  
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Because of the requirements of the engineering profession as specified in ABET-
accreditation standards, specific training in certain areas of specialty is necessary for a BS 
degree in engineering, which increases the total required credit hours. Currently, the 
minimum credit hours required are 124 for the BS in Civil Engineering, 125 for the BS in 
Computer Engineering, 122 for the BS in Electrical Engineering, and 125 for the BS in 
Mechanical Engineering. 
 
 
 
Admission	and	Transfer	Policies	
	

There is no additional admission policy to the engineering science program other than that 
of admission to the College of Engineering and UH Mānoa. Requirements for admission to 
UH Mānoa are described in the UH Mānoa Catalog. High school students applying to the 
College of Engineering should have completed high school course work including 
mathematics up to at least trigonometry, with preference for pre-calculus or high school 
calculus, and one year of high school chemistry and physics with a special emphasis on 
grades in these courses (B or better preferred).  Students are encouraged to take Advanced 
Placement courses in these subject areas while in high school and to submit AP scores, but 
this is not required. The College also uses aptitude tests and high school records in its 
screening procedures. 
 
Students who have not met the admissions requirements directly into an engineering 
major can enroll as pre-engineering (PREN) students. The College offers advising for PREN 
students, includes them on the email lists for announcements of College activities and 
events, and PREN students may register for lower division (100 and 200 level) engineering 
courses without special overrides, provided they meet the prerequisites. 
 
As the demand for engineers in the State of Hawai‘i's workforce continues to increase, the 
College has been looking at innovative academic pathways for students of all ages and 
educational backgrounds to obtain the necessary knowledge and course work to graduate 
with an accredited Bachelor of Science degree in engineering.  One such pathway, through a 
Memorandum of Understanding, assists students who choose the UH Community College 
for various reasons, ranging from simple tuition finances to preparatory course work, to 
obtain their ultimate goal of a BS in Engineering.  Freshmen students who do not meet the 
admission requirements are encouraged to enroll at one of the UH System Community 
Colleges in order to complete courses or meet grade requirements. 
 
Through the MOU, students who successfully complete the Associate of Science in Natural 
Science (AS-NS) degree with a Pre-Engineering Concentration at a UHCC may transfer to 
the UHM College of Engineering with junior status.  Transfer students must have completed 
ENG 100, MATH 241 and 242, PHYS 170/170L, and CHEM 161/161L and 162 or their 
equivalents and have an overall cumulative GPA of 3.0 or higher.  In essence, the MOU 
provides a 4-year degree plan for engineering students who begin at a UH Community 
College.   Annually, the College accepts 200+ transfer/AS-NS students, and a high 
percentage of these earn the BS degree, becoming productive members of the State's 
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engineering community. 
 
III.		 Student	Demand	

 
It is envisioned that students who will enroll in the program will include existing 
engineering students and new students. According to undocumented conversations with 
local practicing engineers who mentor high school students, there exist a number of 
students who are interested in pursuing biomedical or aerospace engineering related 
careers. Because of the lack of such engineering programs at UH, many of these students 
chose to attend colleges on the mainland and some of them had to select a different major 
when they eventually chose to attend UH. With the proposed degree program in place, we 
will be able to attract the students who would otherwise go to the mainland for college. 
 
The College surveyed engineering students to gauge interest in the proposed program.  The 
survey was conducted in four engineering courses, including one sophomore-level required 
course, two junior-level required courses, and one senior-level elective course. Of the 209 
students surveyed, 141 (68%) agreed that they would like to see an Engineering Science 
major at UH Mānoa. Of the 141 students, 68 indicated that they would be interested in a 
biomedical engineering track and 64 would be interested in an aerospace engineering 
track.  (The full survey results are available upon request.) 
 
The survey revealed that 68% of the students who responded support the establishment of 
the new program. Out of the 141 students who are supportive of the program, there were 
68 (48%) students expressing interest in the biomedical engineering track and 64 (45%) 
students expressing interest in the aerospace engineering track. Based on the student 
response, it can be estimated that around 20% of the 141 students will enroll in the 
program per year, plus 15 new students per year in the first few years. The estimated 
enrollment is about 45. The number is expected to grow as the program becomes more 
widely known and new tracks are added. With current, recently approved, and reallocated 
resources, the program will accommodate 150 students. 
 
In addition to new/transfer students, we do expect this program to attract students that 
might otherwise go to other programs. For example, we anticipate the BME program to be 
attractive to some students that are interested in medical school. It will be excellent 
preparation for that (a surprising number of physicians have a connection to engineering, 
either having started in engineering or even having graduated in it). Should they not get 
into medical school, they will have a degree that will prepare them well for the workforce. 
In addition, some may choose to stay in engineering rather than medical school. 
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Enrollment  
(fall headcount) 

Previous Years 
Current 

Year
Projected Years 

2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 2022-23
Projected: BS in 
Engineering 
Science 

 
45 80 95 115

Engineering 
Undergraduates 

1,336 1,357 1,359 1,351 1,371 1,401 1,436 1,470

Engineering 
Graduate 
Students 

138 135 125 130 140 145 150 160

Degrees Awarded (per year) 
Projected: BS in 
Engineering 
Science 

 10 30 30

Engineering 
Undergraduate 

243 275 260 265 270 280 310 315

Engineering 
Graduate  

54 40 45 48 54 60 65 70

 

IV.		 Program	Resources	and	Efficiency	
 
The UH Mānoa invested in several strategic hires over the last few years that have 
increased faculty expertise in the College to support the proposed program.  As a result, 
faculty in the College are already active researchers in the areas to be included in the 
program, with additional faculty hires in biomedical engineering and aerospace 
engineering approved2.  The proposed program leverages and takes full advantage of 
courses currently offered in the College as well as in the College of Natural Sciences, the 
School of Ocean & Earth Science and Technology, and the John A. Burns School of Medicine. 
For BME, JABSOM was part of the planning process. They have agreed to allow students in 
the program to take the following courses: PHYL 141/141L, PHYL 142/142L, BIOC 241. 
Their faculty will also be involved in the capstone design projects. Similarly, for Aerospace 
we worked with HIGP/HSFL, who have been very interested for some time partnering with 
Engineering because of their need for more engineers focused on this area. They will be 
offering GG 460 and will be involved in the capstone design projects. 
 
With the current course inventory and recent strategic hires, we are able to accommodate a 
projected increase in enrollment.   Should enrollment increase beyond the projections, 
lecturers may need to be hired.  These will be funded in part using the increase in tuition 
and fee revenue, and internal reallocations. It should be noted that the campus planning 
has Engineering growing to 1600 undergraduates in 5 years, which is a growth of about 
double what this program is expected to bring (i.e., this program is projected to contribute 
somewhat less than 50% of that growth). Hence, we are well within the campus plans for 
engineering. 

                                                             
2 A new faculty member in biomedical engineering begins in January 2019. We have approval to initiate a 
search for a new hire in aerospace engineering; that person is anticipated to begin in Fall 2019. Both hires are 
in the ME department. 
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Initially, the program will be run out of the dean’s office. We have a tenured assistant 
specialist that will help run the program. Ultimately, the program may join an existing 
department, or if it’s wildly successful it could become a standalone department but that is 
far into the future. All courses and faculty are existing, and so teaching assignments and 
sections do not change. The ME and EE departments will share in the tuition funds derived 
from the students in the program proportionally to the enrollment in the respective 
courses of the departments. 
 
All undergraduate students in Engineering pay a program fee of $500 per fall/spring 
semester after the freshman year.  The program fee will apply to students in the proposed 
BS in Engineering Science as well.  Program fees support regular lab and equipment 
upgrades as well as lecturers and teaching assistants in the College in support of the labs.   
 
The Department of Academic Services advises all undergraduate students in the College 
(including pre-majors), and current staff levels are sufficient to support the proposed 
program.   
 

CURRENT ACADEMIC PERSONNEL Current Year 
Current Faculty FTE 52.25 
Current Faculty Salaries ($) $6,203,869  
Current Lecturers ($) $65,798  
Current Graduate TAs 21 

 

PROJECTED ACADEMIC 
PERSONNEL 

Current 
Year

 
Projected Years 

2018-19 2019-20 2020-21 2021-22 2022-23 2023-24
Projected New Faculty FTE 1 1 0 0 0 0
Projected New Faculty Salaries ($) $90,000 $95,000 0 0 0 0
Projected New Lecturers ($) 0 0 0 0 0 0
Projected New Graduate TAs 0 0 0 0 0 0

 
The College is funded through an allocation of tuition/special funds, general funds, summer 
session allocations, and program and course fees, as indicated below.  Extramural awards 
totaled $3.9M (2017-18).  The proposed program will both increase the efficiency of 
current resources and generate additional tuition revenue and program/course fees, 
especially insofar as it attracts students that would otherwise choose a university on the 
U.S. continent.  
 

CURRENT RESOURCES/FUNDING Current Year 
Tuition/Special Fund Allocation $2,475,575  

General Fund Allocation $7,436,291  
Summer Session Allocation $86,973  
Program/Course Fee Allocation $1,067,500 

 
While the courses required for the program currently exist, we anticipate the need for 
additional sections of core courses as enrollment grows.  The new faculty hires, existing 
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lecturer pool, and tuition allocations will be sufficient to meet these needs, especially as 
student semester hours increase.   
 

COURSES, SECTIONS, STUDENT SEMESTER HOURS (SSH) (Annual)

 Previous Years Current 
Year

Projected Years 

 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 2022-23

Projected New Courses n/a n/a n/a 0 0 0 0 0

Projected New Sections n/a n/a n/a 0 1 1 0 0

Projected New SSH n/a n/a n/a 0 60 214 514 701

Current Courses Offered 221 228 106 225 225 225 225 225

Current Sections Offered 414 428 198 422 422 423 424 424

Current Annual SSH 21,651 22,644 11,008 22,260 22,464 22,814 23,201 23,401
 
There is no other ABET-accredited engineering program that is similar at any UH campus. 
For the biomedical engineering track, the closest program is the biological engineering 
program in CTAHR. ABET classifies biological engineering and biomedical engineering as 
two distinct engineering majors with their own program criteria. The biological 
engineering program in CTAHR is focused on the design, production, and operation of 
engineered systems of which a major component is living organisms. The proposed 
biomedical engineering track emphasizes training in engineering and medical sciences for 
healthcare.  There is no significant overlap between the two programs. 
	
V.	 Program	Effectiveness	
 
The Engineering Science program will be evaluated using the assessments used by the 
Department of Electrical Engineering and the Department of Mechanical Engineering with 
appropriate modifications for the Engineering Science program.  The Departments have the 
following assessments: 
 
Course assessments:  Every semester, the Department administers a student survey of all 
EE courses to determine the effectiveness of the course and its instructor.  It also 
administers a student survey to determine the effectiveness of the course in achieving 
educational program outcomes. The curriculum linkages to program outcomes are 
available upon request.  
 
Industrial Advisory Board:  Both Departments have an Industrial Advisory Board made up 
of representatives from industry.  They provide feedback from employers of our graduates 
about the undergraduate program. The board meetings are held regularly and cover an 
overview of the program including laboratory tours, and meetings with students.  The 
Board provides a written report about the program to the Department. 
 
Senior Project Report Assessments:  The Engineering Science program will require a 3-
credit senior project course, which is the capstone design course. The quality of a sample of 
projects is assessed every semester.   
 
Performance Rubrics on EE/ME Courses:  The Departments have implemented an 
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assessment process of measuring the performance of students over a collection of EE/ME 
courses.  The courses cover the student learning outcomes.  The instructor for the course 
does the evaluation. 
 
We will also survey our graduates to determine where they get their initial employment 
after graduation. 
 
College of Engineering will apply for the Engineering Science program to be accredited by 
ABET, which is the national accreditation organization for engineering programs.  
Demonstrating effective assessment of student performance and a process for continuous 
improvement is a major part of achieving accreditation. The estimated earliest date for 
ABET accreditation is 2021.  Curriculum maps used to indicate relationship of courses to 
program outcomes are available upon request.   
	
	
VI.		Conclusion	
In summary, there is strong evidence of the need of an ABET-accredited, interdisciplinary 
engineering degree program at University of Hawai‘i at Mānoa. The planned tracks in 
Biomedical Engineering and Aerospace Engineering will not only provide additional 
educational opportunities to the students in Hawai‘i, they will also attract more students 
nationally and internationally. The new program will provide engineers with necessary 
technical skillsets for the booming industry in healthcare and aerospace in Hawai‘i, and 
thus will contribute to the state economy. Current resources and recent allocations are 
sufficient to ensure the successful launch of this program as well as secure accreditation in 
the near future.  
 
The proposed BS in Engineering Science provides the infrastructure necessary for UH 
Mānoa to be more agile and strategic in launching new engineering programs that meet 
state and national need, particularly in areas where we are positioned to compete and to 
excel. 

 


