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BACKGROUND INFORMATION

A. Contact Information

The pre-visit contact person for the Biosystems Engineering program is:
Dr. Kitt Farrell-Poe, Department Head, Specialist, and Professor
Department of Agricultural and Biosystems Engineering Department
The University of Arizona
403 Shantz Building No. 38; 1177 East 4th Street, P.O. Box 210038
Tucson, Arizona 85721-0038

Phone: 520-626-9120, Fax: 520-621-3963, email: kittfp@email.arizona.edu

B. Program History

This section includes a discussion on the history of the Biosystems Engineering program including
the year implemented, the date of the last general review, and a summary of the major program
changes that occurred since the last general review.

The Biosystems Engineering program at the University of Arizona has a rich history dating back
over one hundred years. Like similar departments at most Land Grant universities, the Agricultural
and Biosystems Engineering department is jointly administered by the College of Agriculture and
Life Sciences and the College of Engineering. The budget is administered by the College of
Agriculture and Life Sciences and is divided into the three components of instruction, research,
and extension.

The roots of the Biosystems Engineering program start with the agricultural engineering program
which was initiated with the appointment of a Meteorologist and Irrigation Engineer in 1891
although the name "Agricultural Engineering™ was not applied to the department until 1923. The
program remained almost exclusively in the water resources and irrigation areas until an engineer
specializing in farm machinery was added in 1946. The major was called "Rural Engineering"
from 1914 to 1920 and “lrrigation Engineering” until 1927 when it became "Agricultural
Engineering." The program predominantly constituted an agricultural mechanization, rather than
an engineering, curriculum until 1957.

Between the 1950’s and the 1980’s the department underwent a number of reorganizations and
changes in leadership. In 1991, Dr. Donald Slack assumed the headship and led a re-evaluation of
the program to apply available resources to better meet the needs of the statewide clientele. Several
faculty-run strategic planning sessions refined the research and instructional programs to a more
clearly defined bi-modal focus on “water resources” and “biological engineering.” Dr. Mark Riley
served as Department Head until October 2012 when he resigned to assume the position of Head
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of the Department of Biological Systems Engineering at the University of Nebraska. Dr. Slack was
appointed as Interim Head in October 2012 and continued in that position until February 2014. Dr.
Kathryn “Kitt” Farrell-Poe was appointed Head in February 2014 and continues to serve as
department head. Between 2009 and present time, the department kept its program focus in the
water area, however also increase focus also in the biological, bioenergy, bioinformatics and
controlled environment agriculture area.

In the fall of 2004, we underwent a regular cycle ABET Accreditation Review and, for the first
time since establishment of the Engineering program, received an NGR (next general review)
outcome. This meant that the Biosystems Engineering program had been accredited for a full six
year period until 2010. The reviewer raised only one concern, that our undergraduate students
did not have adequate space and equipment to undertake class projects, study together and
develop reports, etc. To address this concern, the department established a small student
computer room with adequate number of computers, printer and study table. This room has been
used extensively by both undergraduate and graduate students and has been well received by all
of them.

In 2009, the Agricultural Systems Management (ASM) Program in Yuma was moved to an option
in the Agricultural Technology Program within the Department of Agricultural Education. Dr.
Stephen Poe, who had been in charge of the ASM program, was moved to the Tucson Campus
where he assumed teaching and extension roles. Dr. Kitt Farrell-Poe, who was the State Water
Quality Coordinator for Extension, also moved to campus at that time, maintaining her extension
and academic program appointments.

In 2009, the Department of Biomedical Engineering was established in the College of
Engineering. This resulted in a significant drop in enrollment in the B.S. Biosystems Engineering
(BE) program as one of the major tracks of the program had been Biomedical Engineering.
Enrollment in the BE program dropped from 92 in fall 2009 to 39 in fall 2012. Subsequently,
the enrollment has moved back up to nearly 45 in fall 2015.

The Biosystems Engineering BS program underwent a comprehensive accreditation review by
ABET, Inc. in fall 2010 and was re-accredited for a full six-year period.

C. Options

The Biosystems Engineering (BE) degree has no formal options but does have focus areas based
on individual student interests. Students may choose a primary focus area in Biological
Engineering or Water Resources Engineering (or a combination) by concentrating their technical
and design electives on these topics. Within the Biological Engineering focus area, students may
chose a pre-health track which allows them to satisfy all common medical school requirements
and also meet BE degree requirements. This is achieved by taking 8 units of organic chemistry as
part of the required technical electives. Lists of suggested courses are provided for the student to
choose in consultation with their departmental faculty adviser.



D. Program Delivery Modes

The Biosystems Engineering program is offered in day mode, with instructions based on lectures
and laboratory sections in classes. Several online courses are also offered in the program.

E. Program Locations

Include all locations where the program or a portion of the program is regularly offered (this
would also include dual degrees, international partnerships, etc.).

F. Public Disclosure

The Program Education Objectives (PEOs) and Student Outcomes (SOs) are made available for
public access on the following ABE Department Web Pages:
http://www.cals.arizona.edu/abe/content/program-educational-objectives-and-outcomes
http://www.cals.arizona.edu/abe/content/abe-mission.

The Biosystems Engineering program is accredited by the Engineering Accreditation
Commission of ABET, http://www.abet.org. Annual student enroliment and graduation data is
made accessible to the public on http://engineering.arizona.edu/undergrad/ABET

G. Deficiencies, Weaknesses, or Concerns from Previous Evaluation(s) and
the Actions Taken to Address Them

The previous ABET analysis of the program in Agricultural and Biosystems Engineering,
performed in the Fall 2010 general visit was to “Accredit to Fall 2016.” However, the reviewer
raised one weakness (on program educational objectives) which was resolved after the visit, and
four concerns (on program outcomes, faculty, facilities, and support) were indicated which
remained unresolved by the time of the previous visit and ABET Final Statement. The
Department has continued working on assessments of educational objectives and outcomes and
continuous improvements, and have taken actions and initiatives to address the concerns and
improve continuously since the last 2010 ABET review.

The weakness on program educational objective was resolved after the 2010 review by
extending the assessment of program educational objectives with a presentation of survey data
from employers of graduates in addition to alumni survey and FE exam results which were only
used in the PEO assessment. Since the previous review, we continued to assess PEO using results
of alumni surveys and FE exam results. Furthermore, the educational objectives have been
reviewed annually at the ABE Alumni/Industrial Advisory Council meetings each fall, generally
in November. The most recent such meeting was on October 23, 2015, where a review of the
Program Educational Objectives was an agenda item and the results of this discussion were
captured in the minutes of that meeting.
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The concern on program outcomes was raised due to using only FE exam results and a single
ABE course to evaluate understanding of professional and ethical responsibility. The concern
remained unresolved in the 2010 Final Statement. We have continued periodically using FE
exam results since last review, as it provides means of evaluating Ethics and Professional
Practice as one of the exam subject matter. Furthermore, we also added ABE 452 course in
addition to ABE 496a to assess student’s “understanding of professional and ethical
responsibility.” The results of assessing “Ethics and Professional Practice” are provided in
multiple tables and figures in Criterion 4 Continuous Improvement section of this report.

The concern on facilities was raised due to need for facilities for modern engineering practices
requiring updated and modernization of equipment. The concern remained as unresolved in the
Final Report in the previous review. To address this concern since the previous review, the ABE
Department has taken several steps. Right after the review, we have initiated a student project
to generate on campus biodiesel from local waste materials. This project was supported by a
local company, Grecycle, the University of Arizona Green Fund, the ABE Department, and the
College of Ag and Life Sciences (CALS) and include $90,000 of new equipment to interface
with a local company’s activities on campus. All students in the Biosystems Engineering major
gained experience in relevant activities including biofuel production and quality control.
Technical support has also been provided. In 2011, we have establishes an alternative energy
integrated controlled environment greenhouse system facility with funds though University of
Arizona Green Fund project and with industry in-kind donations. This project help us to acquire
several new sensors, instrumentation and autonomous data acquisition systems, and PV system
performance testing instrumentation. In 2011-2012 period, the CALS pledged $20,000 to
upgrade our teaching facilities. Some of this funding was used to upgrade computer, audio/video
hardware, projector in our main teaching classroom, while some of the funds were used to
purchase new sensors and data acquisition systems and to establish small biosystems testbeds
for hands on student learning. We have been in the process of establishing a new indoor vertical
farm based hydroponics food production teaching, research and outreach facility at our
Controlled Environment Agriculture Center (CEAC) with advanced sensors and instrumentation
and equipment. Our DOE funded research projects helped establishing and improving algae
research facility which is also used for student instructions, internships, independent studies and
also for student projects in several classes. Almost all of our research labs has been periodically
upgrading computers, software, sensors and instrumentation since the last review. Our
biosensors lab, advanced sensing and control lab for CEA, remote sensing lab, and labs at MAC
and YAC has been constantly upgrading and acquiring new equipment which are used for
instruction and research. With two faculty hires in the bioinformatics area since last review, we
have substantially enhanced our computational capabilities with required equipment, software,
and access to big data analytics and computing platforms.

The third concern on faculty was raised due to the observation by the reviewer that two of our
more experienced faculty, both of whom teach in the critical water resources area, were likely
the nearest to retirement. The concern remained as unresolved in the Final Statement of the
previous ABET review. The two faculty members in the water area did not retire and continue
to serve as faculty members. Another two faculty in the biological focus area left the department
for positions in other institutions. However, we have hired two faculty members in the



bioinformatics area and another faculty joins the department in remote sensing area in July. We
are also in the process of hiring another assistant/associate Bioinformatics Engineer faculty.

Final concern was due to lack of technical staff support to maintaining and scheduling equipment
use. The concern remain unresolved in the Final Statement report of the previous ABET review.
We have an engineer (Mr. Neal Barto) who helps install, maintain, and manage laboratory
equipment at CEAC, and work with students in the lab and research setting. Our fabrication shop
supervisor (Mr. Charlie DeFer) helps installing and maintaining lab equipment as well. We have
full time IT staff (Mr. Brian Little) who helps with needs of installation, maintenance, and
upgrading of departments computing software and hardware, and he is also involved in student
design projects helping with programing and equipment used by the students. In addition, graduate
students and postdoctoral researchers in research labs also helps with calibrations, maintaining and
scheduling equipment use.



GENERAL CRITERIA

CRITERION 1. STUDENTS

A. Student Admissions

In this sub-section, we summarize the admission requirements and procedures for non-transfer
freshman; these students matriculate almost exclusively in the Fall semester. Admission of transfer
students is described in Section C. Transfer Students and Transfer Courses.

First-time freshmen who apply to the College of Engineering must submit their high school
transcripts, their standardized test scores (SAT or ACT), and an online application to the
University of Arizona (UA). Beginning with the Fall 2006 freshmen cohort, the Office of
Academic Affairs (OAA) in the College of Engineering has been responsible for making all final
admissions decisions.

A.1. Admissions Requirements of the University

To gain admission to the University, applicants must meet the following Arizona Board of Regents
(ABOR) requirements for high school competency courses:

English: 4 HS units (e.g., composition, literature)
Mathematics: 4 HS units (e.g., algebra, geometry)
Laboratory science: 3 HS units (e.g., biology, chemistry)
Social science: 2 HS units (e.g., American history)

Foreign language: 2 HS units (of the same foreign language)
Fine arts: 1 HS unit (e.g., art, dance, music, drama)

Please note: in the list above, “HS unit’ denotes one academic year of high school course work.
A.2. Current Requirements and Processes for Admission to the College of Engineering

To gain admission to the College of Engineering, students must satisfy an additional set of
requirements, which exceed those for admission to the University. The OAA has worked closely
with the UA Office of Admissions to set up a two-tiered review process for all students seeking
admission to Engineering. The extant process ensures a substantive review of each applicant. The
following describes the details of the two-tiered admit structure now in place.

Tier 1. Tier | describes the “auto-admit’ standard. About 60% of admitted students (see criteria
below) meet the auto-admit standard. College of Engineering staff do not review the files of auto-
admit students, prior to their admission to the College; these students, who clearly have strong
records of high-school achievement, are straightforwardly admitted to the College by the UA
Office of Admissions through an automated process. This first tier for admissions was established



to keep the number of files directly reviewed by the OAA at a manageable level. For both Residents
and Non-residents, the auto-admit standard is:

a. no course work deficiencies (ABOR complete) or one deficiency in Fine Arts (ABOR
Incomplete, only deficiency in fine arts); and

b. 1260 SAT (critical reading + math) or 28 ACT; and

c. 620 SAT Math sub-score or 27 ACT Math sub-score

d. Academic Index! (Al) of 200 or above

Tier 11. OAA personnel directly handle the decisions on all applicants who fall below the auto-
admit standard. To conduct a comprehensive review, the College gathers as much information on
these applicants as possible, before making a decision to admit or deny. The following list includes
the academic and non-academic criteria reviewed by Engineering:

Academic Index

Test Scores (math and composite scores for SAT and/or ACT)
Academic GPA (student’s GPA in all academic coursework)
Grade trend

Class rank

Rigor or strength of high school curriculum (AP, IB, Honors, etc.)
Engagement in leadership and co-curricular activities

Personal essay

Applications handled at Tier Il are reviewed by two OAA appointed personnel. If the two
reviewers are in agreement, the decision on the applicant (admitted to engineering or denied
admission to engineering) is entered into the University admissions database. The dossier of a
student denied admission to engineering is referred back to the Office of Admissions, so that the
student can be considered for admission to other colleges in the University. If the two AAO
reviewers are not in agreement, a third reviewer acts as the ‘tie-breaker.’

The current admissions criteria and processes are very similar to those that were in place at the
time of our last ABET accreditation review (2010-11 cycle). For AY 2010-11, the auto-admit
(Tier I) entrance requirements were:

a. no course work deficiencies (ABOR complete) or one deficiency in Fine Arts (ABOR
Incomplete, only deficiency in fine arts); and

b. 1250 SAT (critical reading + math) or 26 ACT or 3.60 Academic GPA or top 15% applicant
class rank; and
c. Academic Index (Al) of 200 or above (SAT or ACT scores exist)

1In 1997, The UA Office of Admissions began use of a metric, the Academic Index (Al), to assess applicants to the
University. The Al was designed to reflect the strength of the curriculum taken by the applicant in their HS career.
The Al also serves as a predictor of success (freshman-year GPA) at The UA. The Al formula accounts for: high
school GPA; SAT/ACT scores; AP/IB classes; Honors/Accelerated classes; and college-level courses taken while in
high school.



Minor adjustments to the auto-admit criteria reflect measures taken to identify students who would
benefit from a more thorough review of their applications. In 2013, GPA and Class Rank were
dropped from the auto-admit algorithm to allow for a better assessment of students who, despite
having a strong GPA or high school class rank, report low SAT or ACT scores. Additionally, the
SAT comprehensive score was bumped up to 1260 and the ACT comprehensive score was
increased to 28. In 2014, for the AY 2015-16 freshmen cohort, ACT and SAT math sub-scores
were added to the auto-admit algorithm.

Headcount, diversity and quality indices for engineering non-transfer freshman, Fall 2010 through
Fall 2015 cohorts, are shown in Table 1-A.1.

A.3. Requirements and Processes for Admission to an Engineering Degree Program

Beginning with the AY 2010-11 cohort, non-transfer freshman admitted to the College of
Engineering have been initially admitted to a category denoted ENGR-NMS, which stands for
‘Engineering—No Major Selected.” That is, new freshmen students are, at first, admitted to the
College of Engineering, but not necessarily into an engineering major.

Prior to matriculation, a subset of the ENGR-NMS freshmen is given the discretion to select and
move into an engineering degree program—in short, newly-admitted engineering students with
stronger HS backgrounds and records of achievement are offered the chance to choose their
engineering major (in recent years, most have chosen to stay as ENGR-NMS). The other ENGR-
NMS freshmen are obliged to remain as ENGR-NMS until they have satisfactorily completed at
least 12 units of university-level work in math, science, and/or engineering courses. In effect, the
ENGR-NMS pool is the major source of incoming students to the Biosystems Engineering
program, and is where much of our recruitment efforts go. See Table D-3 in Appendix D to see
the ramifications of the College’s evolving matriculation procedures on our Program’s enrollment.

The basis on which newly-admitted freshmen are given the discretion to move out of, or are
obliged to matriculate in, the ENGR-NMS classification is summarized immediately below.

e For AY 2010-11 through AY 2012-13: newly-admitted ENGR-NMS freshmen were
reviewed on the basis of SAT, ACT, HS GPA, Al, etc. and approximately half of the students
were subsequently extended the option to move into a major prior to matriculation.

e For AY 2013-14 to the present: newly-admitted ENGR-NMS freshmen are offered the option
to move into an engineering major, prior to matriculation, if the student is also admitted to
the university’s honors program (known as Honors College).

In the main, Honors College admits have AP, 1B and/or dual-enrollment credit and are taking some
sophomore-level courses in their first semester at the University. For context, headcount, diversity
and quality indices for engineering freshman admitted to Honors College, Fall 2010 through Fall
2015, are displayed in Table 1-A.2.

Headcounts for newly-admitted engineering freshmen, differentiated by those matriculating
directly into an engineering degree program and those matriculating as ENGR-NMS, are shown



in Table 1-A.3 for Fall 2010 through Fall 2015. Note that, for the last three freshmen cohorts, well
over 80% of the new engineering freshmen matriculate as ENGR-NMS. Moreover, at least half of
the students who had the option to matriculate directly into an engineering major decided to remain
in the ENGR-NMS classification. Shown in Table 1-A.4 are the disaggregated headcounts of non-
transfer freshmen who decide to matriculate directly into an engineering major, as a function of
the engineering degree programs, for Fall 2010 through Fall 2015.

Table 1-A.1. New freshmen profile, College of Engineering, Fall 2010 through Fall 2015.
Fall'10 Fall'1l  Fall'12 Fall'13  Fall'14 Fall'15

Headcount, ENGR Frosh 473 556 627 610 601 621
Residents, Percent 74.2% 71.6% 65.1% 68.9% 63.7% 66.8%
Non-Residents, Percent 25.8% 28.4% 34.9% 31.1% 36.3% 33.2%
Full - Time, Percent 98.5% 98.6% 99.2% 99.0% 99.3% 99.7%
Attempted Credits/Semester, Mean 15.42 15.47 15.54 15.41 15.52 15.63
HS GPA (unweighted), Mean 3.67 3.70 3.72 3.68 3.70 3.72
ACT, Mean 26.7 27.0 27.6 27.6 27.6 27.8
SAT, Mean 1234 1237 1251 1249 1239 1246
Academic Index, Mean 225.0 234.0 230.7 229.0 230.9 2235
UA GPA @ End of 1% year, Mean 2.95 2.96 3.01 3.04 3.04 —
Percent with UA GPA < 2.00 12.2% 12.6% 10.5% 9.3% 11.6% —
Female Percent 22.6% 27.3% 28.1% 24.8% 28.8% 29.8%
African American, Percent 1.5% 2.0% 1.0% 1.3% 2.0% 1.3%
American Indian, Percent 0.4% 0.5% 0.6% 0.5% 0.5% 0.5%
Asian American, Percent 6.4% 7.5% 7.3% 8.1% 6.2% 6.0%
Pacific Islander, Percent 0.2% 0.0% 0.3% 0.0% 0.0% 0.0%
Hispanic, Percent 20.2% 21.9% 21.9% 19.2% 20.6% 22.3%
White, Percent 61.5% 57.2% 55.3% 56.9% 57.0% 53.6%
Two or More Races, Percent 2.8% 4.6% 3.2% 4.1% 6.2% 4.9%
Nonresident Alien, Percent 7.0% 6.4% 10.3% 9.8% 7.5% 11.4%
Total Minority, Percent 31.5% 36.4% 34.4% 33.3% 35.5% 35.0%




Table 1-A.2. New freshmen profile, College of Engineering students in Honors College, Fall 2010
through Fall 2015.

Fall'10 Fall'1l Fall'12 Fall'13 Fall'14 Fall'15

Headcount, ENGR Frosh in Honors 177 235 252 202 207 236
Percent ENGR Frosh in Honors 37.4% 42.3% 40.2% 33.1% 34.4% 38.0%
Residents, Percent 72.3% 74.0% 68.3% 74.3% 68.1% 80.5%
Non-Residents, Percent 27.7% 26.0% 31.7% 25.7% 31.9% 19.5%
Full - Time, Percent 100.0% 100.0% 100.0%  99.0%  100.0%  99.6%
Attempted Credits/Semester, Mean 16.01 15.99 16.00 15.75 15.87 15.93
HS GPA (unweighted), Mean 3.87 3.84 3.85 3.84 3.83 3.85
ACT, Mean 28.8 29.0 29.9 30.0 30.0 29.7
SAT, Mean 1332 1316 1329 1341 1333 1312
Academic Index, Mean 260.7 260.7 255.2 256.2 256.0 244.4
UA GPA @ End of 1% Year, Mean 3.32 3.31 3.36 3.43 3.42 —
Percent with UA GPA < 2.00 3.4% 4.3% 4.4% 2.5% 2.4% —
Female, Percent 29.4% 35.7% 36.9% 34.7% 40.1% 41.5%
African American, Percent 0.6% 2.2% 2.0% 2.0% 0.5% 2.2%
American Indian, Percent 0.0% 0.0% 0.0% 0.5% 0.5% 0.4%
Asian American, Percent 10.2% 10.0% 6.5% 10.9% 8.8% 8.6%
Pacific Islander, Percent 0.6% 0.0% 0.0% 0.0% 0.0% 0.0%
Hispanic, Percent 19.3% 23.0% 25.8% 25.4% 23.4% 27.6%
White, Percent 65.9% 56.5% 59.7% 58.7% 60.0% 55.6%
Two or More Races, Percent 1.7% 7.4% 3.2% 2.0% 5.4% 4.3%
Nonresident Alien, Percent 1.7% 0.9% 2.8% 0.5% 1.5% 1.3%
Total Minority, Percent 32.4% 42.6% 37.5% 40.8% 38.5% 43.1%
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Table 1-A.3. Selected headcount for newly-admitted engineering freshmen, including those
matriculating directly into an engineering degree program and those remaining in ENGR-NMS,

Fall 2010 through Fall 2015.

Fall'10 Fall'1l1 Fall'12 Fall'13 Fall'14 Fall'15
Headcount, ENGR Frosh 473 556 627 610 601 621
eradcou'nt, ENGR Frosh Matriculating 160 168 137 59 102 53
Directly into a Degree Program
!’ercent ENGR Frosh Matriculating Directly 33.8% 30.2% 21.9% 9.7% 17.0% 8.5%
into a Degree Program
Headcount, ENGR Frosh in ENGR-NMS 313 388 490 551 499 568
Headcount, ENGR Frosh in Honors 177 235 252 202 207 236
Percent ENGR Frosh in Honors 37.4% 42.3% 40.2% 33.1% 34.4% 38.0%

ENGR-NMS students may apply for admission to an engineering degree program when they have
completed 12 or more units of math, science or engineering course work at the UA,; this course
work must be applicable to the degree requirements for the student’s intended major (degree
program). Each engineering degree program has a minimum GPA, known as the minimum
admission GPA, which the student must meet or exceed to gain admission to the degree program.
The minimum admission GPA is set by the faculty of a degree program; the minima for the
respective degree programs are as follows:

Degree Program

Aerospace Engineering
Biomedical Engineering
Biosystems Engineering
Chemical Engineering
Civil Engineering

Electrical & Computer
Engineering

GPA
2.500

2.750

2.000

2.300

2.250

2.500

Minimum
Admission

Degree Program

Engineering Management

Industrial Engineering

Materials Science & Engineering

Mechanical Engineering

Mining Engineering

Systems Engineering

Optical Sciences & Engineering

Minimum
Admission

GPA
2.000

2.000

2.000

2.500

2.000

2.000

2.500

Please note that a student’s admission GPA is not equivalent to the student’s cumulative GPA. The
admission GPA is the grade point average for the math, science and engineering courses taken as
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part of the student’s degree program and excludes General Education course work, except for
ENGL 102 (first-year composition, second semester), ENGL 108 (English composition for ESL
students, second semester) or ENGL 109H (advanced first-year composition for Honors College
students).

Table 1-A.4. Headcounts for Non-Transfer Freshmen matriculating directly into an engineering
degree program, Fall 2010 through Fall 2015.

Degree Program Fall ‘10 Fall ‘11 Fall ‘12 Fall ‘13 Fall ‘14 Fall ‘15
Aerospace Engineering 31 24 17 11 7 8
Mechanical Engineering 34 22 25 9 17 5
Biomedical Engineering 46 39 26 18 32 18
Chemical Engineering 21 18 25 5 14 7
Civil Engineering 9 14 7 3 1 1
Computer Engineeringt 1 — — — — —
Electrical & Computer Engineer 32 27 13 4 17 12
Electrical Engineeringt 2 — — — — —
Biosystems Engineering 3 2 4 1 0 0
Optical Sciences & Engineering 9 10 9 3 5 0
Materials Science & Engr 4 4 3 2 0
Mining Engineering 3 7 5 1 4 1
Engineering Management 5 1 0 0 0 0
Industrial Engineering 1 1 1 1 2 1
Systems Engineering 3 3 2 3 1 0
ENGR-NMS 313 388 490 551 499 568

tComputer Engineering and Electrical Engineering were ABET-accredited degree programs that were
discontinued after the formation of a new degree program, Electrical & Computer Engineering, which the
EAC Executive Committee voted to accredit through September 30, 2017.

The application process to enter an engineering degree program is straightforward and now makes
use of an interactive online form, which mirrors the hardcopy application in use for much of the
last six years. ENGR-NMS students self-report the grade earned in required courses, and the form
calculates the number of units earned and the student’s admission GPA based on the student’s
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input. Students know the result of the admission GPA analysis, as soon they complete the
application. Students have the option to electronically submit the completed application—even if
they do not meet the admissions requirements for the proposed degree program—or they may elect
to close the interactive form and submit at a later date.

The information on a submitted application is compared with the student’s academic history and
any discrepancies are resolved. The application, course history and calculations are reviewed by
two Academic Advisors in the OAA. If the advisors cannot reach a consensus, the College’s
Advising Coordinator reviews and makes the final admissions decision. The student and the
academic advisor for the declared degree program are notified of a favorable admissions decision
by email, the student is moved into the degree program, and the student is directed to confer with
the academic advisor. A mandatory advising hold flag is placed on the student’s UAccess
(registration) account and remains in place until the academic advisor for the degree program
contacts the OAA to verify the advisor has conferred with the student. Students who do not meet
the admission requirements for their proposed degree program are also notified of a (negative)
decision by email.

ENGR-NMS students may remain in that designation through the end of their sophomore year, or
once they have completed 60 units at the University. At that stage, university policy applies:
Students must declare a major in a degree program prior to earning 60 units or before attaining
junior standing. Incoming transfer students with a minimum of 60 transferable units have one
semester at the University before they need to declare a major in a degree program.

Headcounts for continuing students who successfully moved from ENGR-NMS, into an
engineering degree program, are shown in Table 1-A.5 for each of the last three academic years
(AY 2013-14 through AY 2015-16).

A.4. ABE Department

Once the College of Engineering (CoE) matriculates the student, the Agricultural and Biosystems
Engineering (ABE) department Academic Program Coordinator receives an email notice from
CoE that a student has applied to our major — they must meet CoE and ABE qualifications first
before this step occurs. Then the student meets with the Academic Program Coordinator and she
reviews their course history and/or transfer credits, and approves the application and removes the
advising “hold” on the student’s record. She then assists the student in creating a general four-year
plan of work. She determines their area(s) of interests, and encourages them to meet with faculty
in their areas of interest at least once a semester. Currently, there are no measures in place to ensure
that students visit with their faculty advisor.
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Table 1-A.5. Headcounts of students moving from ENGR-NMS into an engineering degree
program for AY 2013-14 through AY 2015-16.

AY 2013-14 AY 2014-15 AY 2015-16
Degree Program Fall'13 Spring’14 Fall’14 Spring ’15 Fall’15 Spring ’16
Aerospace Engineering 15 2 13 17 19 7
Biosystems Engineering 6 2 2 1 11 7
Biomedical Engineering 18 6 21 10 13 24
Chemical Engineering 16 13 16 9 26 26
Civil Engineering 8 11 11 10 5 13
Electrical & Computer Engineering 21 15 30 24 57 39
Engineering Management 5 3 11 5 19 9
Industrial Engineering 6 4 11 6 10 2
Mechanical Engineering 28 14 32 29 62 32
Mining Engineering 8 7 4 5 4 2
Materials Science & Engineering 12 8 14 1 10 2
Optical Sciences & Engineering 4 5 14 2 13 9
Systems Engineering 9 3 13 2 11 4
Total 156 93 192 121 260 178+

tIncludes two students moving into Environmental Engineering, a degree program launched in AY 2015-16.

B. Evaluating Student Performance

B.1. College of Engineering

Student performance is evaluated against University, College, and degree-program requirements,
most of which involve the student’s grades and transcript. Progress is monitored directly through
an on-line degree auditing and advising system, as well as through established milestones and
benchmarks that students must reach if they wish to advance in the curriculum of their chosen

degree program.

Grading System

Students are graded on a 4.0 system with (regular) grades A, B, C, D, and E. A letter grade of A
equals 4 quality points per credit hour. The grade-point-average (GPA) is the arithmetic mean of
the grade points earned for all credits taken at the University of Arizona for University Credit or
by Special Examination for Grade, where regular grades are awarded. Ordinarily cumulative GPAs
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are calculated using only the courses at the career level of the student. For example, the
undergraduate GPA is based on undergraduate courses only.

Only regular grades (A, B, C, D, E) are included in the calculation of GPA. In some instances, an
alternative grade scale—viz. S, P, C, D, E or S, P, F—is available for what are known as
University-wide House Numbered Courses, such as independent-study courses, internship courses
and selected colloquia and seminars. The grades of S (Superior), P (Pass), and F (fail) are not part
of the GPA computation, as indicated in the summary below.

Grade: In GPA: Description:

A yes  excellent  (regular grade)
B yes  good (regular grade)
C yes  satisfactory (regular grade)
D yes  poor (regular grade)
E yes failure (regular grade)
S no  superior (alternative grade)
P no passing (alternative grade)
F no failure (pass/fail option)

Academic Requirements and Academic Advisement Report

Students are encouraged to remain in contact with their academic advisor(s) as they progress
through their degree programs at the University (see Section D. Advising and Career Guidance).
Student progress is monitored by advisors and members of the faculty through use of an on-line
advising system—a computerized degree audit/advising support system designed to help students
achieve their academic goals efficiently. Two reports are the key components of the system:

1. The Academic Requirements Report (ARR), which displays, for any given degree program
at the University, a complete statement of the requirements and approved courses. These
reports are available online in the University of Arizona General Catalogue.

2. The Academic Advisement Report (AAR), known more simply as the Advisement Report
(AR), which summarizes for a student, the student's progress toward degree completion by
evaluating the student's academic record against the ARR, the requirements of the student's
specific degree program. Students can access their personal AR through UAccess Student,
an online portal to their dossier.

15



The AR provides the following essential academic information:

academic requirements completed and the grades earned

academic requirements in progress

academic requirements remaining

additional course work that has not been applied toward the fulfillment of degree
requirements

e GPA and Major GPA (and for some degree programs, Advanced Standing GPA)

The AR explicitly tracks course and requirement completion and thus enables students and
advisors to spend less time in record-keeping and more time planning how to achieve academic
and career objectives. The AR helps students make informed academic choices, by providing
accurate and comprehensive information regarding student achievement relative to the standards
and requirements for their chosen or prospective degree program.

Advanced Standing

In the College of Engineering, eligibility to enroll in 300- or 400-level (junior and senior level)
courses is called Advanced Standing. The Advanced Standing benchmarks provide a standard to
evaluate a student mid-way through their course of study. Meeting the advanced standing
requirements helps to ensure that students have: taken the pre-requisite and foundational courses
for advanced study in engineering; are prepared to take rigorous junior and senior level classes;
and are on track for timely graduation.

To apply for Advanced Standing, a student must meet with an academic advisor, or program
faculty member, in their major and submit an Advanced Standing application form. Application
forms are available through the departmental offices and the OAA.

To qualify for Advanced Standing, students must meet the following criteria:

Completion of Required Courses: A student must successfully complete lower division (100- and
200-level) courses stipulated by the degree program as essential for Advanced Standing. At least
12 units of the stipulated course work must have been completed at the University. In some cases,
advanced standing may be granted if not all of the stipulated lower division coursework has been
completed—that is, if the deficiencies are minor. When Advanced Standing is awarded with course
work deficiencies, those deficiencies must be corrected by the end of the first year in which
Advanced Standing was granted.

Advanced Standing Grade Point Average: The Advanced Standing GPA is based on grades earned
in the lower-division courses that a program stipulates as essential for Advanced Standing. The
specific set of lower-division courses includes foundational mathematics, English composition,
science and engineering courses; each degree program establishes that program’s Advanced
Standing GPA, which must be equaled or exceeded by the student to gain Advanced Standing in
the degree program. In addition, the student’s cumulative GPA must be 2.000, or higher, to
advance. The current minimum Advanced Standing GPAs are listed below, by degree program:
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Advanced Advanced

Standing Standing

Degree Program GPA Degree Program GPA
Aerospace Engineering 2.500 Engineering Management 2.000
Biomedical Engineering 2.750 Industrial Engineering 2.000
Biosystems Engineering 2.000 Materials Science & Engineering 2.000
Chemical Engineering 2.300 Mechanical Engineering 2.500
Civil Engineering 2.250 Mining Engineering 2.000
Electrical & Computer 5500 Systems Engineering 2.000
Engineering ' . . . .

Optical Sciences & Engineering 2.500

Allowing (limited) enrollment in 300- and 400-level courses, while a student completes (minor)
lower-division course work deficiencies, enables a student to retain full-time enrollment status and
maintain progress to degree. Students may only proceed in this fashion if: (a) they have no more
than two stipulated lower-division courses to complete; (b) are on track to meet the Advanced
Standing GPA for the degree program; and (c) consent to an academic agreement, which specifies
when (in which semester) any course work deficiency will be addressed. If the requirements for
Advanced Standing are not completed as agreed upon, Advanced Standing is revoked, and the
student is not permitted to subsequently register for 300- and 400-level engineering courses until
deficiencies are fixed.

Transfer students who have not done 12 units of the stipulated lower division course work at the
University, but who have completed the requisite lower division course work, are granted
Advanced Standing on a provisional basis. Once such a transfer student has completed 12 units of
degree required course work at the University, they must have attained a GPA (in that course work)
which meets or exceeds the Advanced Standing GPA for their degree program. Transfer students
who do not meet this GPA requirement after their first 12 units of degree required course work
must either: (a) change degree programs or (b) take remedial action by engaging in lower-division,
program-specific course work at the University.

Degree Check

Degree check is a formal process to evaluate student performance as the student nears graduation;
degree check is designed to establish that a student is indeed on a path to meet the requirements
for graduation. In the semester prior to the semester in which the student expects to graduate, the
student initiates the degree-check process at the College level. Students pick up a degree-check
instructional handout in the OAA (Room 200 of the Engineering Building) and then complete an
exit survey for graduating seniors. After completing the exit survey, students print a confirmation
page and submit it to the OAA. Upon receipt of the confirmation page by the staff in the OAA, the
student is given an application to degree candidacy. Upon submission of the completed application,
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the student is given a final degree check form (commonly referred to as the “pink sheet”) and an
informational handout of Frequently Asked Questions.

The pink sheet is completed by the degree program advisor or designated program faculty member
(in consultation with the student) and returned to the OAA for a second review. A senior program
coordinator in the OAA reviews the pink sheet. After the pink sheet is approved, the student’s
paperwork is forwarded to Graduation Services for final processing (a description of the role
played by Graduation Services can be found in Section F. Graduation Requirements).

Regarding completion of the pink sheet, students are instructed to make an appointment with their
academic advisor or the appropriate program faculty member; completion of the pink sheet is
designed to establish that the student is on track to graduate in the expected timeframe. Students
are instructed to review and print their AR (Advisement Report). Based on an audit of the AR, the
academic advisor can unambiguously assess the student’s academic record with respect to all
degree requirements and pending coursework. Any necessary adjustments to the AR, or to the
student’s remaining plan of study, are made during the pink-sheet AR audit. If, for students with
transfer credit, the advisor finds that the transfer work is not properly accounted for on the AR, the
advisor instructs the student to request an official transcript to be sent to the University Registrar.
Note that, when an adjustment is made to a student’s AR, the advisor ensures that all ABET criteria
are still fulfilled after the adjustment.

B.2. ABE Department

Multiple redundant processes are in place to track student progress through the required curriculum
and in performance in each course. Completion of the required curriculum and program activities
(presented in more depth below) ensure that students meet Biosystems Engineering program
outcomes. These program outcomes have been demonstrated to be successful in meeting our
program objectives.

As the student progresses through their academic program, there are three to four primary
procedures in place to ensure that the student is making appropriate progress and attaining the
required course grades for success:

1. SAPR (Student Academic Progress Report), an online record keeping database for which
both student and advisor have access, this system was replaced with the online UAccess in
2012 and renamed to SAAR (Student Academic Advising Report);

2. UAccess/Analytics Student Center, the academic course review conducted each semester
by College and Department to determine performance (GPA of 2.0 or greater). Students
that are not meeting those requirements are considered “at-risk students” and an
intervention is conducted (the Academic Program Coordinator contacts all at-risk students
to set up meetings with her and the ABE faculty);

3. Advanced Standing application process, required before students take 300-level (junior
standing courses); and

4. Senior Degree Check, required a semester prior to graduation.
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1) Advising and Student Academic Advising Report (SAAR)

Students are encouraged to remain in contact with the ABE Academic Program Coordinator and
faculty advisor as they progress through their degree programs at the University. Student progress
is monitored by the Academic Program Coordinator and faculty advisors through use of the
university data systems UAccess or UAnalytics which replaced the online record-keeping system
SAPR (Student Academic Progress Report) that existed at the time of the last ABET review.

The Student Academic Advising Report provides the following essential academic information:

. Academic requirements completed and the grades earned

. Academic requirements in progress

. Academic requirements remaining

. Additional course work that has not been applied toward the fulfillment of degree

requirements
. GPA and Major GPA

The requirements for each engineering degree are described in the SAAR so that at any time
students can see how the courses they have completed apply to degree requirements and what is
remaining. Based on the SAAR, an automatic degree audit checks to see that all course
requirements are met prior to graduation. Any adjustments are made under the direction of either
the student’s faculty advisor or the ABE Academic Program Coordinator who verifies that when
an adjustment is made all program criteria are still fulfilled.

2) UAccess/Analytics Student Center

Both the College of Engineering and the ABE Department monitor student grades on a semester
basis and in the event that a student is not making adequate progress (either with low grades or not
completing the appropriate courses), the ABE department and the student’s faculty advisor develop
an action plan to correct the problem. Using the UAccess or Analytics Student Center, an academic
course review is conducted each semester by both CoE and ABE to determine performance (GPA
of 2.0 or greater). Students that are not meeting those requirements are considered “at-risk
students” and an intervention is conducted whereby the ABE Academic Program Coordinator
contacts all at-risk students to set up meetings with her and the ABE faculty.

3) Advanced Standing

In order to enroll in Upper Division (300-400 level) courses in the College of Engineering, students
must be granted Advanced Standing. The Advanced Standing benchmarks provide a standard to
evaluate a student mid-way through their course of study. Meeting the advanced standing
requirements helps to ensure that students have taken the pre-requisite and foundational courses
for advanced study in engineering, are prepared to take rigorous junior and senior level classes,
and are on track for graduation. Advanced standing is assessed typically when a student is in the
fourth semester of residence.

To apply for Advanced Standing, Biosystems Engineering majors must meet with the ABE
Academic Program Coordinator and complete the Advanced Standing application form (example
Appendix K). All Biosystems Engineering major Advanced Standing applications need to receive
approval from the ABE Academic Program Coordinator and the ABE Department Head as well as
receive final approval from the Dean of the College of Engineering Academic Affairs.
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To qualify for permanent advanced standing, Biosystems Engineering majors must meet the

following criteria:

1. Biosystems Engineering Major Grade Point Average of 2.0 (or higher).

2. Complete all of the following lower-division courses required for the degree: English | & Il
(ENGL101 & ENGL102 or ENGL109H), Chemistry | & Il (CHEM 151 & CHEM152), Physics
| &Il (PHYS141 & PHYS142), Calculus | (MATH122A/B or MATH125), Calculus Il (MATH
129), Engineering Math (MATH223, & MATH254), Biology (MCB181 or PLS240 and
ECOL182, or MIC205A or PSI0201), Lower Division Core ABE courses (ABE201, ABE205,
ABE284), and the Engineering Core (ENGR 102 and CE214). Appendix K has the Advanced
Standing application form used by the ABE Academic Program Coordinator to assess student’s
qualifications for advanced standing.

3. Advanced standing requires successful completion of at least 12 units completed at the
University of Arizona and no admission deficiencies. NOTE: Under special circumstances,
students may be deficient in one or two classes. However, deficiencies must be corrected by the
end of the first year in which the advanced standing was granted.

Advanced Standing may be revoked if the student's University of Arizona grade-point average or
the major grade-point average falls below 2.00.

4) Senior Degree Check - Degree Certification Procedures

The final degree audit is a required process for ensuring degree requirements have been met before
graduation. Requests to complete degree requirements must be submitted the semester prior to the
expected graduation date — in the fall semester for spring graduation or in the spring semester for
summer or fall graduation. The College of Engineering majors must declare their final degree term
and apply for candidacy for the final degree in the Engineering Academic Advising Office (AAQO)
through the UAccess Student Center and complete the CoE online Exit Survey sent from the
Assistant Director of Office of Intuitional Research &Planning Support. The student will bring
the receipt showing the completion of the Exit Survey to Room 200 of the Engineering Building,
and are given an instruction sheet and a Senior Degree Check Adjustment Form (commonly
referred to as the “pink sheet”). To ensure that the student has met degree requirements, the ABE
Department requires majors to meet with both their Faculty Advisor and the ABE Academic
Program Coordinator. The Faculty advisor reviews the student SAAR (Student Academic
Advisement Report) with the student to make sure that the student has met the course requirements,
approve course adjustments, and confirm the student’s final course plan. The ABE Academic
Coordinator will review the SAAR with the student, assist student with enrolling in their final ABE
course work, process approved and/or needed course adjustments to the SAAR, and complete and
sign the Senior Degree Check Adjustment Form. The ABE Academic Program Coordinator will
forward the completed form and SAAR to the CoE Dean’s office for his final approval. As a
general practice, the Academic Program Coordinator is encouraged to keep a student’s SAAR up-
to-date by making adjustments whenever a course is substituted for approved courses. The ABE
Faculty Advisors are also encouraged to notify the ABE Academic Program Coordinator of the
any issues they find on the SAAR right away.

A final audit of student records is done by CoE to ensure that the student has completed all
requirements for their degree. Any questions that arise are directed to the college Dean's Office
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and the major advisor. This process ensures and documents that students either meet or will meet
all of the graduation requirements in what they plan to be their final semester. The University
requires a GPA of at least 2.0 for graduation. In addition, the College of Engineering requires that
graduates have GPA in the major of 2.0. The Biosystems Engineering majors are required to
complete 128 units with a cumulative GPA of at least 2.00. CoE also requires that 42 units of
upper-division units are required to be completed at the University of Arizona. The general degree
requirements are listed in Appendix E3.

In addition to the semester reviews with the Academic Program Coordinator and meetings with
faculty advisors, evaluations are performed typically when a student is in their fourth semester of
anormal program (an evaluation of eligibility for advanced standing) and the Senior Degree Check
performed in the seventh semester of a normal program. The CoE sends out an exit survey at the
time of the senior degree check. The ABE Department randomly performs exit interviews on
seniors shortly before their graduation.

With few exceptions, no modes other than traditional on-campus instruction are employed in the
College of Engineering programs. However, the ABE department is providing more classes via
online every year. Currently, the following courses are taught via online/hybrid with open labs:
ABE 205 (Engineering Analytic Computer Skills), ABE 221 (Computer Aided Design), and ABE
459 (an elective course, Onsite Wastewater Treatment).

The ABE Department has a process in place to ensure that students meet the prerequisite courses.
We have placed blocks in UAcess Student to disallow students from enrolling in lower-division
courses who have not met the prerequisite requirements. For example, ABE 284 requires MATH
129 or higher and PHYS 141 or higher before they can enroll in that class. If a student does not
have of one of these courses, the system will block them from enrolling. We have also placed in
UAccess Student blocks on all of the ABE upper-division courses. This requirement disallows all
students that do not have an advanced standing in engineering from enrolling in ABE 300- and
400-level courses.

C. Transfer Students and Transfer Courses

In this sub-section, we summarize the requirements and process for accepting transfer students and
transfer credit, including state-wide articulation agreements. Inasmuch as admission to the College
of Engineering is selective, we also describe the process by which a continuing student at the
University transfers from a non-engineering degree program into an engineering degree program.

C.1. College of Engineering

Transfer Requirements

Though all transfer students matriculate directly into an engineering degree program, the
admission process is handled by the OAA working collaboratively with the University’s Office of
Admissions and the Department that houses the engineering degree program. The nominal
admission requirements for students transferring into College of Engineering degree programs
from other universities and/or community colleges are:
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2.500 cumulative GPA for all previous college-level work

At least 12 transferrable units?

Completion of Calculus I with a grade of C or higher

e Acceptable grades in transferrable math, science and engineering courses

Transfer Process
The transfer process begins when The UA Office of Admissions provides OAA staff a detailed
Excel® spreadsheet containing the following student information:
e Student ID number
Student Name
Requested term for admission
Transfer GPA
Number of transfer units
Requested major
Previous institutions
e Special student group (e.g., STU 210, Domestic student with International transcripts)

The spreadsheet also contains the following fields for the College of Engineering evaluators:
e Notes
e Evaluator #1 decision
e Date of decision

Evaluator #2 decision

Date of decision

In the event of a split decision, the same fields for evaluator # 3

File date

Add to system of record date

Using the information in the spreadsheet and copies of official transcripts, the first evaluator
checks for compliance with the nominal admission requirements.

Exceptions to these criteria can be made under certain circumstances. For example, some students
begin their academic careers before they are ready to take on the challenges of college-level
coursework and this initially results in a poor academic record. If a student has gone on to
rehabilitate their record—meaning that they have completed required coursework with high
marks—in the semesters immediately prior to their transfer application to The UA, their successful
academic progress is taken into consideration and an exception to the required GPA is allowed.
Conversely, if Calculus I has been passed with a C and there are no higher-level math classes with
final grades of A or B, the student must prove academic viability by earning grades of A or B in
required science or engineering courses. If a solid academic record has not been achieved in math,
science, and engineering courses, the student can be denied admission to the College/degree
program, even if the GPA and Calculus | grades meet the nominal requirements stated above.

2By University policy, applicants with less than 12 transferrable units are considered for admission by The UA Office
of Admissions and the College of Engineering as new students, not transfer students.
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At least two OAA evaluators must review each transfer application and reach an agreement on the
admissions decision (admitted vs. denied). Once a decision has been made, the information is
added to the system of record, currently UAccess, and The UA Office of Admissions sends an
acceptance letter to the student with detailed information for completing the student’s transition
into the University and desired degree program.

Transfer students are directed to access the on-line Next Steps Center (nextsteps.arizona.edu),
initiating the transition process into the University and the College. Newly-admitted students are
instructed to create a unique Student UA Net ID and University of Arizona email address. Then,
using their UA NetID and password, students can log on to their Next Steps on-line tour.

The Next Steps tour covers the main steps in transitioning into the University, and then specifically
into the relevant College of Engineering degree program. During the tour, new-transfer admits are
instructed to click on the Transfer Student Academic Preview link that will take them to a series
of informational tabs. The Advising tab provides instructions for initiating the Transfer Orientation
process and, therein, students are asked to send an email including their name, student ID number
and major (degree program) to the OAA advising email account. The account is monitored by
several advisors in the OAA to ensure a timely response. The emails are reviewed for the
appropriate information and any omissions on the part of the student are corrected. The email is
forwarded to the academic advisor assigned to these duties in the OAA.

The OAA advisor reviews all transferable coursework and determines which transfer courses can
be used to fulfill The UA’s General Education requirements. The OAA advisor sends the student
a Welcome Email with information regarding their general education transfer credit analysis. This
preliminary review prevents duplication of courses already taken and subsequently helps the
academic advisor for the degree program, as they guide the transfer student with regard to
appropriate selections for degree-specific course work.

Owing to an extensive array of previously-articulated transfer course agreements, in-state transfer
coursework in English, Math, Physics, Biology, Chemistry, and most Engineering will be
automatically placed into the appropriate section of a student’s University of Arizona Advisement
Report. Email correspondence sent to transfer students with credit from outside the State’s system
of higher education includes contact information for the departments listed above (English, Math)
so the student can request evaluation of applicable coursework.

All transfer students are sent the name and contact information of the academic advisor for their
degree program, along with instructions to meet with the advisor for the completion of the transfer
process. Service indicators are applied to all student accounts by the Next Steps Office. Once the
degree program’s advisor notifies the OAA that the compulsory advising component has been
satisfied, these service indicators or ‘holds’ are removed by the OAA academic advisors. The
student is then free to register for classes at The UA. Headcounts for the Fall 2010 through Fall
2015 cohorts of newly-matriculated transfer students are shown in Table 1-C.1 for the various
engineering degree programs.
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Table 1-C.1. Headcounts for New Transfer students matriculating directly into an engineering
degree program, Fall 2010 through Fall 2015.

Degree Program Fall ‘10 Fall ‘11 Fall ‘12 Fall ‘13 Fall ‘14 Fall ‘15
Aerospace Engineering 10 8 14 3 4 9
Mechanical Engineering 19 21 12 16 24 24
Biomedical Engineering 2 6 2 9 7 6
Chemical Engineering 12 5 11 16 12 13
Civil Engineering 5 5 10 8 11 8
Electrical & Computer Engineer 15 14 17 25 22 35
Biosystems Engineering 2 2 0 3 1 1
Optical Sciences & Engineering 4 5 8 5 2 3
Materials Science & Engineering 0 4 5 2 1 2
Mining Engineering 5 1 5 7 5 5
Engineering Management 1 2 2 0 2 3
Industrial Engineering 2 2 2 2 0 1
Systems Engineering 7 7 7 4 4 5
Total 84 82 95 100 95 115

Transfer Credit and Articulation Agreements

An engineering articulation task force (steeringcommittee.aztransfer.com) consisting of
representatives from each state-supported engineering program in Arizona (UA, Arizona State
University, Northern Arizona University, and all community colleges) meets annually to review
and update transfer agreements. State-wide articulation of the freshman (and other lower-division)
engineering courses ensures that students taking the appropriate course at any one school will
receive proper credit, and preparation for subsequent coursework, at all the other schools. The
collective work of this articulation task force, and that of similar task forces on other subject areas,
has yielded the Arizona Higher Education Course Equivalency Guide (CEG), which is available
on-line (aztransmac2.asu.edu/cgi-bin/WebObjects/CEG) and lists all courses taught in community
colleges and their transfer equivalencies at the three Arizona state universities. The CEG
documents articulated agreements for all in-state transfer work in essentially all subject areas.

Many of the engineering transfer students come from Pima Community College (PCC) and, so,
the articulation and transfer process is strengthened by having a member of the PCC engineering
faculty serve on The UA’s College of Engineering Undergraduate Studies Committee.
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All courses transferred in the absence of an established articulation agreement (e.g., upper-division
course work from a four-year institution) are evaluated by a faculty advisor. In most instances, the
students are asked to provide the course syllabus and name of the textbook used in the course as
part of the transfer evaluation process. Out-of-State transcripts typically originate from less than
one-quarter of the transfers.

Transferring into an Engineering Degree Program from Other UA Degree Programs

A student enrolled at The UA, but not in the College of Engineering, may subsequently apply to
transfer into an engineering degree program (and the College of Engineering) after completing
Calculus I, with a grade of C or better, and 12 or more units of coursework within the curriculum
for their intended engineering major, excluding Tier 1 and Tier 2 General Education courses. An
abridged menu of UA courses that a prospective engineering student may take to establish
admissibility is given in Table 1-C.2.

Table 1-C.2. Abridged listing of lower-division math, science, engineering or English courses that
may be taken to establish admissibility for college of engineering degree programs.

Number
UA Course Subject of units
MATH 122A and B or 125 Calculus | 5o0r3
MATH 129 Calculus I 3
CHEM 151 General Chemistry | 4
CHEM 152° General Chemistry I 4
MSE 110° Solid State Chemistry 4
MCB 181° Introductory Biology | 3to4
PHYS 141 Introductory Mechanics 4
ENGR 102A Introduction to Engineering Lecture Series 1
ENGR 102B Introduction to Engineering Design 2
ECE 175° Computer Programming for Eng’g Applications 3
ENGL 102, 108 or 109H First-Year English Composition 3

®To count toward admissibility, these courses must be required by the intended engineering
major of the prospective transfer student.

To transfer into an engineering degree program, a student must achieve a GPA, in their engineering
curriculum, that meets the Advanced Standing GPA of their proposed degree program, viz.
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Advanced Advanced

Standing Standing

Degree Program GPA Degree Program GPA
Aerospace Engineering 2.500 Engineering Management 2.000
Biomedical Engineering 2.750 Industrial Engineering 2.000
Biosystems Engineering 2.000 Materials Science & Engineering 2.000
Chemical Engineering 2.300 Mechanical Engineering 2.500
Civil Engineering 2.250 Mining Engineering 2.000
Electrical & Computer 5500 Systems Engineering 2.000
Engineering ' . . o

Optical Sciences & Engineering 2.500

When a student has completed the requisite coursework to transfer into an engineering degree
program, they may file a ‘Request for Change of College/Degree Program’ form and a ‘GPA
Check Sheet” with the OAA. Once their record has been verified by OAA staff, the forms are
returned to the student, who is directed to meet with an academic advisor in their (new) engineering
degree program. The student is instructed to obtain the advisor’s signature on the Request-for-
Change form and then return the form to the OAA for processing, which formally completes the
transfer of the student into the engineering degree program.

Headcounts for students transferring into engineering degree programs, from other (non-
engineering) degree programs in the University, are shown in Table 1-C.3 for AY 2013-14 through
AY 2015-16. About 160 to 170 students have followed this pathway into engineering degree
programs each of the last three years.

C.2. ABE Department

Once students are matriculated into CoE and have declared a major, they are required to meet with
the ABE Academic Program Coordinator for mandatory advising and orientation. She reviews
their course history and/or transfer credits and approves the application and removes the advising
“hold” on the student’s record. She then assists the student in creating a general four-year plan of
work. She determines their area(s) of interests, and encourages them to meet with faculty in their
areas of interest at least once a semester. Currently, there are no measures in place to ensure that
students visit with their faculty advisor.
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Table 1-C.3. Headcounts of students moving from a non-engineering degree program at the
University of Arizona into an engineering degree program for AY 2013-14 through AY 2015-16.

AY 2013-14 AY 2014-15 AY 2015-16
Degree Program Fall’13  Spring’14 Fall’14 Spring’15 Fall’15 Spring’16
Aerospace Engineering 5 0 6 6 8 4
Biosystems Engineering 4 3 4 1 5 6
Biomedical Engineering 12 3 6 3 5 2
Chemical Engineering 7 14 20 6 26 7
Civil Engineering 3 5 10 6 10 4
Electrical & Computer Engineering 23 6 14 16 20 5
Engineering Management 5 6 3 4 7 3
Industrial Engineering 5 7 5 2 3 3
Mechanical Engineering 9 7 11 11 18 16
Mining Engineering 3 9 1 2 5 2
Materials Science & Engineering 5 2 6 1 2 1
Optical Sciences & Engineering 5 1 2 2 6 0
Systems Engineering 7 7 7 9 3 2
Total 92 70 95 69 118 567

tIncludes one student moving into Environmental Engineering, a program launched in AY 2015-16.

D. Advising and Career Guidance
D.1. College of Engineering
Advising begins as students prepare for new-student or transfer-student orientation and continues
throughout a student’s tenure. Students are encouraged to see an advisor at least every semester,

especially in advance of their priority registration period.’

At least three milestones require that an engineering student meet with an academic advisor or
program faculty member, viz.

3 The priority registration period is a five-week interval at the beginning of the registration period for the next
semester’s courses. During the priority registration period, each cohort of continuing students (e.g. juniors) is
assigned a week for which that cohort has priority access to the course registration system. During a given
cohort’s priority access period, other cohorts of students are unable to register or adjust their course schedules.
A lengthy, open registration period follows priority registration.
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1. A student must meet with an advisor prior to registration for their first set of classes at the
University. This happens during orientation (described below).

2. A student must meet with an advisor at the time they apply for Advanced Standing (see
Section B. Evaluating Student Performance). This occurs toward the end of the sophomore
year (middle of the 4! semester) or, for transfer students who enroll as upperclassmen, after
approximately 12-units of engineering coursework at the University.

3. A student must meet with an academic advisor or faculty member at degree check (see
Section B. Evaluating Student Performance), which should take place the semester before
the student plans to graduate.

A student who matriculates as ENGR-NMS, or who transfers into the College of Engineering from
some other college in the University, is also required to meet with an academic advisor for their
intended degree program—the meeting with the advisor is part of the process by which the student
is admitted to an engineering degree program; these processes were described in Sections A and
C, respectively.

In the balance of Section D, we summarize: New Student Orientation, including placement exams;
advising of ENGR-NMS students by academic advisors in the OAA; and advising of students in
the degree program, which occurs primarily within the Department, involves departmental
staff/advisors and program faculty, and includes career guidance. Transfer student orientation and
advising processes specific to transfer students are described in Section C. Transfer Students and
Transfer Courses. Advanced Standing and Degree Check, milestones that require students to
engage with the advisor(s)/faculty of their degree program, have been previously described in
Section B.

New Student (Freshman) Orientation

Orientation is designed to assist newly-admitted students and their families by providing
interaction with new and current UA students, UA faculty, UA academic advisors and other UA
staff. A typical on-campus orientation session involves 30 to 50 new engineering students. The
University/College partner to offer approximately 12 to 15 on-campus orientation sessions each
summer. The orientation sessions for most students are a working day in length; orientation
sessions for students in Honors College last two days, with Honors College staff handling the
content and format of the second day—the first day follows the format of the one-day sessions.

OAA staff also participate in off-campus orientation sessions offered in New York, Chicago,
Denver and Seattle, which families of some out-of-state students prefer in lieu of a summer trip to
Tucson. The off-campus sessions deviate from the format described below, as they typically
involve at most a handful of engineering students and, so, information is conveyed and counsel
given in small groups.

The one-day (or first-day) orientation program offers new students an opportunity to learn about
important aspects of campus life and obtain a class schedule for their first semester so they can
enjoy a smooth transition into the University. Emphasis is placed on preparing for academic
success by providing the following:
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placement in Math and English (and in some cases a second language)

description of the engineering curricula, with emphasis on the first year

meetings with academic advisors

registration for courses, with the counsel and guidance of advisors

information on resources available to engineering students (e.g. tutoring, advising)

advice on the advantages of career-engagement during one’s tenure as a student

a description of the student chapters of engineering societies and other clubs

information sessions on: financial aid; housing and meal plans—residence-hall living, off-
campus living; strategies for success—time management and study skills; career planning;
campus recreation, how to become involved on campus, how and when to pay the bills, and
parking & transportation

During a 75-minute morning session, matriculates are introduced to the College of Engineering
through a presentation given by OAA staff, including the OAA academic advisors and current
engineering students. Many of the topics itemized above are covered during the morning session.
In the afternoon, new students meet with the OAA advisors for training on how to use the
University’s system to register for courses, which is a feature within UAccess Student.

Immediately following that training session, students are escorted to a computer lab, where they
can access their course schedule and make adjustments to their registration, as needed. On the day
of an orientation session, only the new students participating in that session have access to the
University’s registration system; all other student populations are blocked from logging in. This
allows the neophyte student to become familiar with the course selection/registration process
without system traffic from other students. Counsel and advice are available from the OAA
academic advisors and the academic advisors for the various degree programs in the College of
Engineering, who are present at the computer lab. The team of advisors assists with course
selection and help to troubleshoot registration issues. This also presents an opportunity for the new
students to meet (nearly) all of the academic advising staff (OAA + degree programs) in the
College. Students are also given the opportunity to meet with outside resources including the Math,
English and Second language placement teams, Honors College, and more.

Placement is a key component to the orientation process, as placement is strongly coupled to
permission to register for certain courses. Engineering students are subject to placement
testing/assessment in Math, English and, in some cases, a Second Language.

Math Placement Exam

The University requires the ALEKS Math Placement Exam to assess a student's prerequisite
knowledge for placement into a University mathematics course at or below the level of Calculus I
(MATH 122a,b or MATH 125). Results of the ALEKS exam also affect placement in courses on
other topics relevant to first-year engineering students, such as physics, chemistry, biology and
introductory engineering courses. Students are asked to take the ALEKS exam on-line, prior to
their scheduled orientation date. The exam has no proctor unless the student is re-taking the exam
to improve their math placement (a student can take the test three times).

The ALEKS assessment covers a broad range of algebra or pre-calculus material. The ALEKS
system is fully automated and the ALEKS assessment is adaptive. The first questions asked are
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drawn from across the curriculum, and may be too easy or too hard. As the assessment proceeds,
the student’s answers are used to give the system an idea of the student’s knowledge, and it will
gradually focus the questioning in an individually appropriate way. By the end of the assessment,
the student should find the questions generally challenging but reasonable for their individual level
of knowledge.

The length of the assessment covers 20 to 35 questions. The number of questions will vary,
depending on the action of the adaptive mechanism just described. It is likely that students will be
asked questions on material they have not yet learned. On such questions it is appropriate for
students to answer ‘I don't know,” which is interpreted by ALEKS to mean that the student does
not know the topic, and this will be reflected in the assessment results.

There are several desirable features of the online ALEKS exam. First, the student is apprised of
their math placement before they arrive at Orientation. Second, the ALEKS software has a learning
mode and students can practice problems online before taking the placement exam. Third, if a
student scores poorly, they can take advantage of the learning mode and subsequently re-take the
exam to improve their placement.

The following students take the ALEKS Math Placement Exam:

e All incoming freshman (including international students) or students participating in New
Student Orientation

« Transfer, international, non-degree-seeking, re-admitted, or current students who have never
taken a college level math course, or who have not completed one in the last three semesters,
and plan on taking a mathematics course at or below the level of Calculus I.

The ALEKS placement score is valid for one year. If a student does not complete a UA math
course within a year of taking the test, the student must re-test and try to meet the placement
requirement for a particular course.

Engineering students take a version of the ALEKS exam called the Prep for Calculus ALEKS
Placement Exam. Results of the exam may place students into Calculus | (MATH 122a,b or MATH
125), Preparation for Calculus (MATH 120R) or College Algebra/Trigonometry (MATH
112/111). During testing periods, placement test scores are uploaded daily into the UA system at
5:00 a.m. and 7:00 p.m. In addition:

« All students can check their scores through a password-protected, online portal.

e Incoming freshman and transfer students can verify scores in the Next Steps Center before
their orientation or registration date. After registration or orientation, scores are available in
UAccess Student, under Academic History Report (Unofficial Transcript).

« International students can verify test scores in UAccess Student, under Academic History
Report (Unofficial Transcript) when they arrive for orientation.

o Current students can verify test scores in UAccess Student under Academic History Report
(Unofficial Transcript) within 48 hours of testing.
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Prospective engineering students who do not establish an ALEKS score sufficient to place into
MATH 120R (or higher) may try for a higher placement by re-testing. Re-testing is done through
the UA Testing Office on the UA campus; as noted, re-tests are proctored. Students are advised of
several strategies to improve their ALEKS score, viz.

e Try ALEKS Learning Mode and re-test.
e Review on their own and re-test.
o Take a summer review math course and re-test.

Note that students can place into Calculus Il or higher, based on AP Math or IB credit. (See Section
E. Work in Lieu of Courses.)

English/Writing Placement

First-year English composition courses are primarily concerned with writing at the University level
and must be taken to satisfy University General Education requirements (see Section F.
Graduation Requirements). The English Department’s Writing Program has an established
empirical algorithm that provides placement on the basis of data from matriculates’ high school
records and standardized test scores. The Department considers the following information in
determining placement in English:

e UA admissions GPA (which includes those courses required for admission)

e GPA in high school English courses (freshman through junior year)

e The number of AP English and/or Honors English classes taken through the HS junior year
e SAT verbal and/or ACT English scores

Over the past decade, English Department surveys of students and teachers in the Writing Program
indicate that the empirical writing-placement procedure works well. However, roughly 15% of
students still feel they would have benefited from a different placement. In instances where
students feel they have not been properly placed, a student may ask to have their placement
reviewed, which means that members of the Writing Program staff will read samples of the
student’s writing and re-examine their high school record.

Students who score sufficiently well on either of the Advanced Placement Examinations for
English (scores of 4 or 5) or on the higher-level (HL) International Baccalaureate examination
(scores of 5, 6, or 7), can choose to take ENGL 109H, a one-semester advanced English
composition course that satisfies the first-year writing requirement for students who earn a final
mark of C or higher in the course. Students who receive advanced placement credit based on the
English Language/Composition AP exam can, alternatively, choose to apply the credit toward
ENGL 101 and thereafter take ENGL 102 to complete first-year composition. The English
Literature/Composition AP exam can offer the same option, or can be applied toward other General
Education requirements (Tier | Traditions and Culture or Tier Il Humanities). Non-native speakers
of English must submit additional writing materials before AP or higher-level IB credit can be
applied toward advanced placement in ENGL 109H.

All international students are required to take a Writing Placement exam. International students
receive specific exam information during International Orientation, a special orientation session
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tailored to international students, at which time they have an opportunity to speak to a Writing
Program advisor.

For a variety of reasons, a small percentage of students cannot be placed on the basis of their high
school records. In some cases this is because their records of classes are incomplete; in other cases,
a student may not have taken either the SAT or ACT.* Such students are notified by the UA
Orientation Office that they have ‘No Placement’ in English. To serve such students, the English
Department oversees a writing placement exam. This test is offered at each Orientation session, as
well as during the first week of classes in the Fall semester. In most cases, the tests can be scored
in time for students to register for first-year English composition courses within twenty-four hours.
The exam includes a timed essay (45-minute limit) and a short multiple-choice test (this takes
about 30 minutes). The essay test involves composing an essay in response to a short reading —
and is scored independently by at least two experienced teachers from the Writing Program. All
materials are provided at the test site, which is announced to students through the Orientation
Office.

Second Language Placement

Second language proficiency is not a requirement for students in the College of Engineering.
However, the University has entrance and graduation second language proficiency requirements
for a majority of their degree programs. Engineering students who wish to complete a minor or a
(second) major in another college must meet the language proficiency requirement of that college.

Entrance language placement exams are administered to assess a student’s second language
proficiency and to establish whether a student needs to take additional language classes to meet
language graduation requirements. Language placement exams are typically taken at New Student
Orientation.

French, German, Latin and Spanish language placement exams are given at the College of
Humanities Instructional Computing labs in Modern Languages 511. The exams are computer-
based and consist of multiple choice questions on reading and grammar. An exam lasts about 20
minutes. The proficiency score places the student into a course that best fits their language skills.
Students can take a language placement exam for each language they have studied. Students are
advised that their strongest language may be the one to choose to meet their graduation
requirements.

Students who have studied Hebrew, Italian, Chinese, Japanese, Portuguese, Greek, Russian,
Arabic, Persian, Turkish, Navajo, Tohono O'odam, or American Sign Language, are typically not
able to take a language placement exam during orientation. Placement exams for these languages
are normally administered by the relevant department(s) at the beginning of the semester.

Students need not take a language placement exam if they have earned college credit by exam
through Advanced Placement, College Level Examination, or International Baccalaureate
programs.

“For admission in AY 2010-11 and thereafter, applicants seeking entrance to the College of Engineering are required
to take the SAT or ACT. The SAT and ACT were strongly recommended for applicants in AY 2009-10 and prior.

32



Advising of ENGR-NMS Students

Students who matriculate under the designation ENGR-NMS are overseen by academic advisors
in the OAA at the College level, until such time as they move into an engineering degree program
or, alternatively, out of the College. The requirements and process for admission of an ENGR-
NMS student into an engineering degree program were described in Section A. Student Admissions.

Please refer back to Table 1-A.4 to see headcounts for new freshmen matriculating as ENGR-
NMS, as well as headcounts for those matriculating directly into an engineering degree program.
Table 1-A.5 shows headcount data for continuing engineering students migrating from ENGR-
NMS into an engineering degree program, for each of the engineering degree programs, in recent
academic years.

Three OAA staff members serve as academic advisors for ENGR-NMS students and are the
primary personnel who support the College’s Academic Advising Center, located just inside the
main entrance to the Engineering Building in the heart of the University’s campus. Two of the
three OAA advisors are dedicated full-time (1.0 FTE) to freshmen in ENGR-NMS; the third
advises continuing students and serves as the coordinator for all academic advising in the College.

The Academic Advising Center holds regular walk-in advising hours and students can also arrange
appointments by email, when necessary.

The University and College regard advising, mentoring, career counseling, and retaining students
a priority. Below is a short list of events and projects to assist students become all they can be:

e In AY 2014-15, the College successfully submitted a proposal to the University (Student
Affairs: Academic Initiatives and Student Success) to secure funding for a Career
Engagement Coordinator (Heather Moore), who now works to develop internship and
employment opportunities for engineering students

e UA Career Services has a permanent staff member who serves as a liaison to the College of
Engineering (and the constituent Departments) and to prospective employers of engineers;
the liaison maintains a listserv to distribute employment/internship opportunities directly to
engineering students

e UA Career Services holds a major career fair each semester and maintains an on-line listing
of employment opportunities known as Wildcat JobLink.

e College of Engineering students—specifically, Engineering Student Council—annually host
a major career fair exclusively for engineering students; 40 to 50 companies/organizations
have participated each of the last several years

e Bio5/BIOSA and College of Optical Sciences each host career fairs that engineering students
can, and do, attend

e Students in ENGR 102a and ENGR 196d (co-convened as the Introduction to Engineering
Lecture Series) are required to develop a resume and attend the UA Career Services fall-
semester career fair; nearly every freshman engineering student is enrolled in either ENGR
102a or ENGR 196d.

e Engineering freshmen in Honors College have the option to take ENGR 196a (Survey of
Engineering Professions), a course taught annually by Prof. Paul Blowers.
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Advising in the Degree Program

As mentioned, advising begins in detail during orientation, at which time any student who
matriculates directly into an engineering degree program is introduced to the relevant academic
advisor(s). These matriculates are able to meet with the advisor for their degree program during
the afternoon session to ask program-specific questions and, with guidance from the advisor,
choose program-specific classes for their first semester, if appropriate. Subsequent advising of the
student is handled primarily at the department/degree-program level for the duration of the
student’s tenure in the degree program.

D.2. ABE Department

Once students have been matriculated into the College of Engineering, incoming students first
meet with the ABE Academic Program Coordinator. She informs the students about the BE
program, assists them with developing a four-year plan, and reminds them of deadlines. Every
faculty member provides informal and formal career counseling to students taking their courses,
working in their laboratories, conducting independent studies and research, and through club
activities. The ABE faculty considers student advising and mentoring to be just as important as
teaching and instruction; therefore, the 11 regular faculty members (out of 14 ABE full time
faculty) who have primarily teaching and research responsibilities are all actively involved in
student advising, and/or mentoring and career counseling. For undergraduate student advising,
during the first two years the students are mainly served by the Undergraduate Coordinator.
However, in addition, the students are assigned an academic faculty advisor based on their interest
area. The primary areas of focus and advisors are biological (Yoon and Cuello), controlled
environment agriculture (Kacira and Giacomelli), water resources (Slack, Waller, Poe, Livingston,
and Yitayew), and biosystems informatics (An and Hurwitz). We attempt to distribute students
across the teaching faculty; however, typically Slack, Poe, and Livingston together are assigned
more students for advising. Students are encouraged to meet with their specific advisor at least
once a semester, however, when such a meeting cannot be arranged, a meeting is arranged between
the student and another faculty member whose expertise is related to the student’s interest. All
students are provided with the electronic location of our website, which contains many valuable
items, including the ABE Undergraduate Program Manual which details curricular requirements,
a typical 4-year plan, elective offerings in BE and other departments, contact information for
advisors, and all degree requirements. The undergraduate tab on the ABE website also provides
course descriptions, admissions information, ABET assessment information, videos of recent
internships, employment opportunities, career counselling, where our students are getting jobs,
scholarships, and financial aid information.

E. Work in Lieu of Courses
E.1. College of Engineering
In lieu of course work, students may establish credit or proficiency/competency in various
disciplines at the University by any of several modes. They are:

o Advanced Placement (AP) program, administered by the College Board
« International Baccalaureate (IB) program
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o Cambridge International Examination (CIE) program

o College-Level Examination Program (CLEP), administered by the College Board
o Departmental proficiency/competency or exemption examinations

o Special examinations for credit or grade

In no case may the sum of credits earned through the above examinations and/or University of
Arizona correspondence courses exceed 60 units applied toward an undergraduate degree.
Students may also receive credit for U.S. Military Service and Training.

Advanced Placement Program

The University accepts Advanced Placement (AP) exam scores (as well as an International
Baccalaureate and Cambridge International exam scores) as a basis for awarding credit toward a
degree. Students may take AP exams prior to coming to the University. Exams are administered
through the College Board at high schools each May.

AP credit is considered credit-by-examination from the University’s perspective. Credit is
determined from the AP credit table that applied on the date the exam was taken. A complete table
of AP credit is printed annually in the University of Arizona General Catalogue and is publicly
available (on-line) to any prospective or current student. Credits earned based on AP exam
performance may be counted toward major or minor fields of study or General Education
requirements. Table 1-E.1 is excerpted from the AY15-16 General Catalogue to give the reader a
feel for the layout and organization of the Advanced Placement Table.

International Baccalaureate Program

The University accepts International Baccalaureate (IB) exam scores as a basis for awarding credit
toward a degree. Students who complete the International Baccalaureate Diploma Programme
may take IB exams prior to coming to the University.

The University of Arizona accepts certain higher-level (HL) International Baccalaureate exams
for credit, plus one standard-level (SL) exam in computer science. 1B credit is considered credit-
by-examination. Credit is determined from the 1B credit table, published annually in the General
Catalogue, which applies to the date when the IB exam was taken. Credits earned based on 1B
exam performance may be counted toward major or minor fields of study or General Education
requirements. Table 1-E.2 is an excerpt from the IB credit table in the 2015-16 General Catalogue.

Cambridge International Examinations
The Cambridge International Examinations (CIE) Program is available to freshmen in the 2015-
16 Catalog and beyond.

The University of Arizona accepts CIE Advanced--AS- and A-level--scores as a basis for awarding
credit toward a degree. Students who complete CIE classes in their high school may take
Cambridge International exams prior to coming to the University. Exams are administered through
Cambridge International at high schools each May.

CIE credit is considered credit-by-examination. Credit is determined from the CIE credit table
that applies to the date when the IB exam was taken. Credits earned based on the exam score may
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be counted toward the student's major or minor fields of study or General Education requirements.
Table 1-E.3 is an excerpt from the CIE credit table in the 2015-16 General Catalogue.

College-Level Examination Program (CLEP)

The University accepts CLEP for college credit, if satisfactory scores are attained. Passing scores
for subjects credited through the CLEP are recorded simply as CR (credit), and may not necessarily
be stated in terms of a specific course equivalent. No record is made of failing scores.

CLEP examinations are available through the Testing Office at the University. However, not all
CLEP exams are awarded credit; credit is determined from the CLEP credit table that applies to
the date when the exam was taken. Table 1-E.4 is an excerpt from the CLEP credit table in the
2015-16 General Catalogue. Credits earned are based on the student's exam performance and may
be applied toward the major, minor, or General Education requirements.

Prospective and currently enrolled students using these examinations cannot earn credit through
CLEP for subjects or courses equivalent to, or at a lower level than, other courses for which they
have already earned credit through formal course work. Students are encouraged to consult with
their academic advisor to make sure they are eligible to take a specific subject exam.

Table 1-E.1. Excerpt from the Advanced Placement Table in the 2015-16 University of Arizona
General Catalogue.

APPLICATION TO UA DEGREE

AP Exam name | Score General Education and Foundations * Course Credit AP Credit
Biology 4or5 T2 Natural Sciences and T1 ECOL 170 OR* |'MCB 181R, 181L, & ECOL |8 units
182R & 182L

3 T1 Natural Sciences OR* |MCB 170C1 4 units
Calculus AB 3,40r5 Satisfies math requirement for all students MATH 125 3 units
Calculus BC 4or5 Satisfies math requirement for all students MATH 125 & 129 6 units

3 Satisfies math requirement for all students MATH 125 3 units
Calculus BC or 3,40r5 Satisfies math requirement for all students MATH 125 3 units

AB sub-score

Chemistry 5 T1 CHEM 170 and T2 Natural Sciences OR* |CHEM 151 & 152 8 units
4 T2 Natural Sciences or T1 CHEM 170 OR* |CHEM 151 4 units
Computer 3,40r5 None CSC127A 4 units
Science A
Physics C: 5 T2 Natural Sciences or T1 PHYS 170 OR* |PHYS 241 4 units
Electricity 3o0r4 T2 Natural Sciences or T1 PHYS 170 OR* |PHYS 103 & 182 4 units
Physics C: 5 T2 Natural Sciences or T1 PHYS 170 OR* |PHYS 141 4 units
Mechanics 3o0r4 T2 Natural Sciences or T1 PHYS 170 OR* |PHYS 102 & 181 4 units
Statistics 4or5 Satisfies "G" & "M" math strand requirements MATH 263 3 units
3 Satisfies "G"&"M" math strand requirem’t MATH 163 3 units
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Table 1-E.2. Excerpt from the International Baccalaureate Table in the 2015-16 University of
Arizona General Catalogue. All accepted 1B exams are higher-level, unless specified as standard-
level.

APPLICATION TO UA DEGREE

Exam Namet Score General Education and Foundations * Course Credit IB Credit
Biology 6or7 T2 Natural Sciences and T1 ECOL 170 OR* |MCB 181L & 181R, and |8 units
ECOL 182L & 182R
4or5 T2 Natural Sciences or T1 ECOL 170 OR* |ECOL departmental 4 units
elective credit
Chemistry 6or7 T2 Natural Sciences and T1 CHEM 170 OR* |CHEM 151 & 152 8 units
4or5 T2 Natural Sciences or T1 CHEM 170 OR* |CHEM departmental 4 units
elective credit
Computer Science |5, 6 or 7 None CSC127A 4 units
- standard level
exam
Computer Science |5, 6 or 7 None CcSC1278B 4 units
- higher level
exam
Mathematics 5, 6 or 7 |Satisfies math requirement for all MATH 120R & MATH 125 |6 units
students
Physics 6 or T2 Natural Sciences and T1 PHYS 170 OR* |PHYS 102 & 103 and 8 units
above 181 & 182
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Table 1-E.3. Excerpt from the Cambridge International Exam Table in the 2015-16 University

of Arizona General Catalogue.

APPLICATION TO UA DEGREE

Cambridge
International
Exam Name

Biology AS-level

Biology A-level

Chemistry AS-
level

Chemistry A-
level

Computer
Science AS-level

Computer
Science A-level
Design &
Technology AS-
level

Design &
Technology A-
level

Mathematics AS-
level

Mathematics A-
level

Mathematics-
Further A-level

Physics AS-level

Physics A-level

Score

Dor
better

Dor
better

Dor
better

Aor
better

BorC

Dor
lower

Eor
better

E or
better

Eor
better

Eor
better

E or
better

Eor
better

E or
better

Eor
better

E or
better

General Education and *
Foundations

T2 Natural Sciences or T1 ECOL OR**
170

T2 Natural Sciences and T1 ECOL |OR**
170

T2 Natural Sciences or T1 CHEM |OR**
170

T2 Natural Sciences and T1 CHEM |OR**
170

T2 Natural Sciences or T1 CHEM |OR**
170

T2 Natural Sciences or T1 CHEM |OR**
170

None

None

None

None

Satisfies math G- and M-strand
requirements

Satisfies math G- and M-strand
requirements

Satisfies math requirement for all
students

None

None

Course Credit

MCB 181R & 181L
MCB 181R & 181L and ECOL

182R & 182L
CHEM 101A and CHEM

department elective credit
CHEM 151 & 152

CHEM 151

CHEM 101A and CHEM
department elective credit
None

None

None

None

MATH 112

MATH 120R

MATH 163, 125, and 129

general elective credit

general elective credit

CIE Credit

4 units

8 units

4 units

8 units

4 units

4 units

0 units

0 units

0 units

0 units

3 units

4 units

9 units

4 units

8 units
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Table 1-E.4. Excerpt from the College-Level Examination Program (CLEP) Table in the 2015-
16 University of Arizona General Catalogue.

APPLICATION TO UA DEGREE

General Education and

CLEP Exam Title Score |Foundations * Course Credit CLEP Credit
Calculus with 50 Satisfies Math requirement for all MATH 125 3 units
Elementary students

Functions

College Algebra 50 Satisfies -G- & -M- Math strand MATH 112 3 units

requirement

General Biology 50 T2 Natural Sciences or T1 ECOL OR* |ECOL departmental 3 units

170 elective credit

General Chemistry |50 T2 Natural Sciences or T1 CHEM |OR* |CHEM 151 4 units
170

Precalculus 50 Satisfies 'G' & 'M' Math strand MATH 120R 3 units

requirement

Proficiency/Competency and Exemption Examinations
General Information

A number of colleges and departments regularly offer exemption or proficiency/competency
examinations covering introductory or basic areas of their disciplines. These examinations are
designed and graded by the individual departments. No credit is awarded on the basis of successful
performance on these, but they allow a student two privileges: (a) the opportunity of enrolling in
advanced-level courses in the area of proficiency; or (b) the opportunity of satisfying various
college or departmental "area™ or proficiency requirements without taking prescribed courses.

Proficiency/competency or exemption examinations for many courses are available to any student
currently enrolled in a degree program at the University. Capable students wishing to increase their
elective freedom are encouraged by university policy to examine the opportunities provided
through the various proficiency examinations.

At the discretion of the department, the proficiency examination may include laboratory projects
or other evidence of satisfactory skills in addition to or instead of the written examination. A fee
is normally charged for these examinations.

Second Language Proficiency/Competency Examinations
Second language requirements vary by degree type and are only relevant to an engineering student
if the student is pursuing a (second) degree or minor outside of the College of Engineering. It is
possible for students to satisfy second language requirements in whole, or in part, by passing a
non-credit proficiency/competency examination at the two- or four-semester level.

Passing the proficiency examination at the required level in a foreign language fulfills the language
requirement. Passing a course for which the required level is prerequisite also establishes
proficiency in that language. Credit may not be earned merely by passing the
proficiency/competency examination.
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The procedures and general regulations for proficiency/competency or exemption examinations
are as follows:

« Proficiency/competency or exemption examinations are available only to degree-seeking
students.

e In no case does passing an exemption or proficiency/competency examination lower the
total number of units required for the bachelor's degree.

« In normal circumstances, a student may not take a proficiency/competency examination
for the same course more than twice.

« Proficiency/competency or exemption examinations are normally given early in the
semester or during orientation. The student must contact the appropriate department
concerned for additional information and instructions.

e Students wishing to sit for a proficiency/competency or exemption examination in a
language not normally taught must contact the Department of Linguistics for information.

e The exemption or proficiency examinations are administered only on the University of
Arizona campus. Proficiency/competency established at another institution, or a
proficiency examination score from another institution, is not transferable to the University
of Arizona.

e The results of exemption or proficiency/competency examinations, if successful, are
reported in writing directly to the Office of the Registrar, with a copy to the student.

e The student's academic record will be annotated with a statement indicating the student
passed the proficiency/competency examination at the appropriate level.

Special Examinations for Credit or Grade

Any student currently enrolled or previously withdrawn in good standing at the University of
Arizona may earn credit toward an undergraduate degree through the use of special examinations.
The responsibility for preparatory study for these examinations rests entirely with the student;
faculty members are under no obligation to assist with such preparation.

Special examinations are constructed and administered by the department concerned. They are
designed to reflect and explore the scholastic equivalent of the course, and are more comprehensive
than the usual "final exam." The examinations may be written or oral, or both, and they may
include course projects, laboratory projects, written reports, or other evidence of proficiency.

Undergraduate courses currently offered by the University and designated in the Catalog as
"Special exam: course may be taken by special exam for credit (not for grade)" may be taken for
credit by examination. Courses designated "Special exam: course may be taken by special exam
for credit and grade” may be taken for grade by examination and credit by examination. Other
courses generally have been excluded from this option; at department discretion, however, any
course may be made available for grade by examination or credit by examination.

Effect on GPA
Special Examination for Credit: Passing grades, recorded as "CR" (credit), become a permanent
part of the student's record but are not used in computing the cumulative grade-point-average
(GPA). Failing grades are not recorded.
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Special Examination for Grade: All grades, whether passing or failing, are permanently recorded
and used in computing the cumulative GPA.

Limitations
The credit so earned may not duplicate units already presented for admission to the University.
Nor may the credit be in a course which is equivalent to, or more elementary than, another course
in which the student is enrolled or for which the student has already received credit. The head of
the examining department has the responsibility of determining the application of this limitation
in each student's case.

The procedures for special examinations for credit or grade are as follows:

1. Applications for Special Examination for Credit or Special Examination for Grade may be
obtained from the Office of the Registrar.

2. The application must be approved by the student's advisor.

3. The examining instructor and the head of the examining department must determine the
eligibility of the applicant and sign the application.

4. The application is returned to the Office of the Registrar, and the examination fee is paid
at the Bursar's Office. No department may schedule a special examination until notified by
the Bursar's Office that the fee has been paid.

5. The examination is scheduled by the faculty member responsible, normally during the same
semester in which the application is made.

6. The grade ("CR" or letter grade) is reported to the Office of the Registrar. The examination,
together with the student's graded examination paper and any appropriate evaluations of
oral performance or projects, is then filed with the department for at least one year.

7. The student may change the type of special examination for those courses designated
"available by special exam for credit and grade™ in the catalog any time before the
scheduled hour of the examination by filing a new application. No additional fee will be
charged.

Credit for U.S. Military Service and Training.

A Guide to the Evaluation of Educational Experiences in the Armed Services, by the American
Council on Education (ACE), is used by The University of Arizona as a basis for evaluating U.S.
Armed Forces training.

ACE Military Credit for Undergraduates

Military credit evaluation is completed only after a veteran or student on active duty has been
admitted to the University and has submitted all required documentation. The UA will accept up
to 30 units of ACE-recommended military credit as transfer work toward a baccalaureate degree.
The specific credits are for training programs offered by different branches of the U.S. Armed
Forces and certified by ACE, including basic training. This credit will be awarded as general
elective credit or department elective credit. Credit for military service experiences also may be
acquired through standardized examinations (see the preceding discussion on CLEP and Special
Examinations for Credit or Grade). Documented training experience that falls outside of the
regular transfer credit policies of the University, such as credit for Military Occupational
Specialties (MOS), will only be considered on a case-by-case basis through a Transfer Credit
Appeal available through the Office of the Registrar.
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Undergraduate Credit for Military Service
For at least eighteen months of consecutive active duty in the armed forces, terminated under
honorable conditions, 4 lower division units of military science elective credit will be awarded
toward a baccalaureate degree, as long as the total credit for military training and service does not
exceed 30 units. A student who has earned a commission in the U.S. Armed Forces, may petition
the Office of the Registrar for an additional 12 upper division units of military science, naval
science, or aerospace studies elective credit that will apply toward a second baccalaureate degree.

E.2. ABE Department

This is done at the college level.

F. Graduation Requirements

All students at The University of Arizona must apply for degree candidacy in order to graduate
and receive a degree.

GPA Requirements

Cumulative GPA: A graduation average of 2.000 for all University Credit® course work undertaken
and for any work satisfied by the Special Examination for Grade is required for the bachelor's
degree. Note: the graduation grade average is based only on University Credit grades awarded
prior to the graduation date, when all degree requirements have been satisfied.

Major GPA: Majors for undergraduate degrees require a 2.000 or better grade point average (major
GPA) for all University Credit work in the major as defined on the Academic Advisement Report
(AAR) or for any work in the major satisfied by the Special Examination for Grade. All grades for
repeated courses will be calculated in the major GPA, with the exception of grades that have been
replaced by the Grade Replacement Opportunity (GRO) and those removed from the grade point
average through Academic Renewal.

F.1. University Credit Requirements

A minimum of 30 units of University Credit from The University of Arizona is required for the
bachelor's degree. It is further required that 18 of the final 30 units offered toward the degree be
University Credit. In other words, no more than 12 of the final 30 units to complete the degree
may be credit-by-exam (i.e., CLEP, Special Examination for Credit), correspondence credit, or
transfer credit.

Major-related course work should include no fewer than 18 units of University Credit. Major-
related course work is defined as the major, pre-major, supporting course work, and/or professional
core. This requirement applies to all majors in the student's academic program.

> University credit is the term used to identify all credit offered by The University of Arizona with the exception of
correspondence credit and Special Examination for Credit. Only the grades of courses taken for University credit and
by Special Examination for Grade are used in calculating the grade-point-average.

42



General Education Requirements
The following is a summary of the requirements attendant to the General Education program at
The University of Arizona.

Tier 1 General Education Courses

Traditions & Cultures — Students must take any 2 of the following 4 courses

TRAD101 - 160A - Non-Western Cultures and Civilizations

TRAD102 - 160B - Western Cultures and Civilizations: Classical to Renaissance
TRAD103 - 160C - Western Cultures and Civilizations: Renaissance to Present
TRAD104 - 160D - Topics in Culture and Civilization

Individuals & Societies — Students must take any 2 of the following 3 courses
INDV101 - 150A - Mind, Self and Language
INDV102 - 150B - Social Interaction and Relationships
INDV103 - 150C - Societal and Institutional Systems

Tier 2 General Education Courses

Arts or Humanities — Students must take 1 course from a set of courses designated to fulfill this
requirement.

Individuals & Societies — Students must take 1 course
The selection of courses in each of the above topical areas is defined by the University-wide
General Education Committee and is common across all colleges. Currently available courses are

described in the Schedule of Classes.

Diversity Emphasis, English Composition and Second Language for General Education

In addition to the Tier 1 and Tier 2 course requirements, engineering students must fulfill the
following general education requirements:

e Diversity emphasis: One course in a student’s degree program must focus on one of the
following areas: Gender, Race, Class, Ethnicity, Sexual Orientation, or Non-Western Studies.
A complete list of Diversity Emphasis courses with descriptions is available in the General
Catalog.

e English composition: Students must complete a composition requirement through one of the
following strands, depending on placement:
o0 two-course (6 units) sequence of ENGL 101 and ENGL 102
0 two-course (6 units) sequence of ENGL 107 and ENGL 108 (for International students)
0 one-semester (3 units) of ENGL 109H (Honors)
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With advanced placement, a student may either: (a) place out of ENGL 101 and, so, take only
ENGL 102, or (b) place into ENGL 109H.

e Second language: Engineering students must take the language placement examination if they
propose to do a minor or a second major in another college. Second language proficiency is
not a requirement for students in the College of Engineering, a variance granted to students of
the College in accord with University guidelines for exceptions to the General Education
requirements.

F.2. The AAR and Additional Requirements for Graduation with an Engineering Degree

The specific requirements for each engineering degree are described by the University’s student
information system in the form of the AAR or Academic Advisement Report generated by the
UAccess system. As described above in Section B (Evaluating Student Performance), the AAR is
an individualized report of a student's progress toward completing degree requirements. It is an
automated degree audit that shows the student how their UA and transfer courses, as well as credit
by exam, apply to their degree requirements in the following categories: General Education,
major(s), minor(s), electives, and University unit requirements. Thus, at any time, a student can
see how the courses they have completed apply to degree requirements and what requirements are
yet to be satisfied.

A student’s AAR is:

e available online via UAccess Student (uaccess.arizona.edu), where the AAR can be viewed
and printed by the student
e available for undergraduate programs existing since Fall 1997

Maximum Number of Community College Credits: A maximum of 64 units of community college
course work may apply toward graduation. For an engineering degree, a minimum of 64 units of
course work must be completed at a 4-year institution, military institution, or as test credit.®

Degree Check

Well in advance of graduation, every student passes through a process known as degree check.
The goal of the process is to ensure that, in the semester prior to graduation, the student is on a
trajectory such that, at the proposed time of their graduation, the student will meet all University
and College of Engineering degree requirements, including those predicated on ABET criteria.
Details of the degree check process are described above in Section B (Evaluating Student
Performance).

Graduation Services
After degree check, Graduation Services Advisors are responsible for making a final audit of each
student's coursework to ensure that all University requirements for the student's degree have been

6 The B.S. Materials Science & Engineering requires a minimum of 58 units of course work at a 4-year institution,
military institution, or as test credit.
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met. As noted, students in the College of Engineering are advised to apply for their degree check
one semester before they plan to graduate.

At the time of the final audit, if the Graduation Services Advisor finds any remaining requirements,
s/he contacts the student's advisor to see if the problem can be resolved. Degree check is designed
to keep these instances to a minimum. In the (rare) event that it is decided that the student is
actually missing a requirement, either the Graduation Services Advisor or the student's engineering
advisor will contact the student.

If the final audit shows that all requirements will be completed by the graduation date, then the
degree will be posted as scheduled. Degree posting begins the day after grades for the semester
are finalized (usually one week after the end of final exams). Degree posting generally takes two
to four weeks for the December and May classes, and one to two weeks for the August graduating
class. Students can see their degree has been posted by checking their Cumulative Profile in
UAccess Student. Diplomas are ordered each week, and generally arrive within two to three weeks
of the degree posting.

F.3. ABE Department

Students must complete a rigorous curriculum including courses in mathematics, science,
engineering, and general education completed within 128 semester credit hours. The process for
ensuring that each graduate complete all graduation requirements for the program is provided by
continuous team advising between the Academic Program Coordinator and Faculty Advisor prior
to the Senior Degree Check as described above. All students at The University of Arizona must
apply for degree candidacy in order to graduate and receive a degree. The University requires a
GPA of at least 2.0 for graduation. In addition, the College of Engineering requires that graduates
have averages of 2.0 in both the major and any additional minors. The ABE department had two
additional requirements: 1) all students must complete an internship (ABE 393) and 2) take the
Fundamentals of Engineering exam. We ensure that the students have internships through their
senior degree check, and registering for the FE exam is a mandatory requirement for ABE 498B.

G. Transcripts of Recent Graduates

The ABE department will pull the following transcripts from the Spring 2016 graduation class:
1. Victoria Karlesson (AMP), water resource emphasis
2. Alex Downs, biological engineering
3. Marko Obradov, Mechanical minor
4. Kenneth Hickman, Plant Sciences minor, water resource emphasis

Because we do not have official tracks within the BE major, there are no program options

designated on the transcripts. The transcript indicates: college (College of Engineering), degree
awarded (BSBE), and any appropriate minor.
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CRITERION 2. PROGRAM EDUCATIONAL OBJECTIVES

A. Mission Statement

As a public research university serving the diverse citizens of Arizona and beyond, the mission of
the University of Arizona is to provide a comprehensive, high-quality education that engages our
students in discovery through research and broad-based scholarship. We aim to empower our
graduates to be leaders in solving complex societal problems. Whether in teaching, research,
outreach or student engagement, access and quality are the defining attributes of the University of
Arizona’s mission.

B. Program Educational Objectives

The Educational Objectives of the Biosystems Engineering B.S. Program at the University of
Arizona are to produce graduates:
1. Who are effective engineers within natural resources and biotechnology related industries;
and
2. Who have the foundation to perform and lead engineering projects and make significant
contributions; or are
3. Enrolled in an advanced engineering or medical or other professional degree program and
are successful in those.

These objectives can be found by the general public on the ABE Department Web Page:
http://www.cals.arizona.edu/abe/content/program-educational-objectives-and-outcomes

and

http://www.cals.arizona.edu/abe/content/abe-mission

This set of revised objectives was developed at a meeting of the ABE Advisory Council on
November 14, 2002, reviewed by the faculty during the faculty retreat on January 6, 2003, and
approved by the faculty with minor revisions. The objectives and mission have been evaluated
again at faculty retreats and at the ABE Advisory Council in the spring of 2005, 2006, 2007, 2008,
and 2009. In 2010, minor changes were made to the mission statement. The educational objectives
are reviewed annually at the ABE Advisory Council meetings each fall, generally in November.
The most recent such meeting was on October 23, 2015, where a review of the Program
Educational Objectives was an agenda item and the results of this discussion are captured in the
minutes of that meeting.
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C. Consistency of the Program Educational Objectives with the Mission of
the Institution

The BS-BE Educational Objective to
produce graduates who are effective engineers within natural resources and biotechnology
related industries,

and the Objective to
produce graduates who have the foundation to perform and lead engineering projects and
make significant contributions

both are fully consistent with the University Mission to
to provide a comprehensive, high-quality education that engages our students in
discovery through research and broad-based scholarship and to empower our graduates
to be leaders in solving complex societal problems.

The BS-BE Educational Objective to
produce graduates who are enrolled in an advance engineering or medical or other
professional degree programs and are successful in those

is also consistent with the University Mission to
empower our graduates to be leaders in solving complex societal problems.

D. Program Constituencies

The primary constituencies of the Biosystems Engineering Program have been defined as students,
alumni and employers, either current or potential, of program graduates and the faculty of the
Department.

The program educational objective: to produce graduates who are effective engineers within
natural resources and biotechnology related industries, obviously meets the needs of BE students
to obtain a degree which has prepared them to become engineers and find employment in their
field. It also meets the needs of employers who seek engineers who are technical competent and
capable in their field. This objective also meets the need of alumni to who have a solid engineering
background that can serve them throughout their career. Finally, it also meets the needs of Faculty
whose job it is to produce effective engineers and the needs of employers who want to employ
effective engineers.

Similarly, the program educational objective: to produce graduates who have the foundation to
perform and lead engineering projects and make significant contributions, meets the needs of both
students and alumni by ensuring that they are adequately prepared to become effective engineers
and make significant contributions in their field. It meets the needs of employers by ensuring that
BE graduates have the proper foundation to perform and lead engineering projects and make
significant contributions to their employer. The needs of the faculty are also met as it is their job
to produce graduates with sufficient foundations to perform and lead engineering projects.

The program educational objective: to produce graduates who are enrolled in an advance
engineering or medical or other professional degree programs and are successful in those, meets
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the needs of those students and/or alumni who wish to pursue advanced engineering or professional
degrees by ensuring that they are adequately prepared to do so. In the longer run, it satisfies the
needs of employers who require employees with advanced engineering or professional capabilities.
As with the other objectives, the needs of the faculty are met as it is their job to produce graduates
who have the background to successfully pursue advanced or professional degrees.

E. Process for Review of the Program Educational Objectives

A draft set of ABE Program Educational Objectives were developed by ABE Departmental faculty
in 1997 to ensure that the program would meet accreditation requirements for "Agricultural and
similarly named engineering programs.” These draft objectives were then presented to the
Departmental Advisory Council in a council meeting during the fall 1997 semester. This council
was established in 1994 and is comprised of leaders of firms or organizations which either hire our
graduates or have an interest in hiring them or which work with our Department in research or
development. In addition to these members the council includes alumni (some of whom may also
fall into the first category), one current undergraduate student, one current graduate student and
one faculty member with the Department Head serving as an “ex-officio” member. Council
membership varies between ten and fifteen and was 14 at the time of the October 2015 meeting.
Members in the first category include officers of engineering and environmental consulting firms,
USDA-ARS laboratory or center leaders, biomedical devices, biotechnology firms, and bioenergy
companies. The Council meets a minimum of one time per year to provide advice and direction
to the Department and for Department programs. A copy of the By-Laws of the Council which
defines the makeup of the council and its role will be available at the time of the visit or will be
provided on request. Similarly, a list of current council membership will be available at the time
of the visit or provided on request.

As an outcome of the fall 1997 Advisory Council meeting, a revised set of program objectives
were developed and submitted to the council membership via mail for final comment. Minor
revisions were incorporated and this version was presented to the ABE faculty for approval. These
original program objectives were very detailed and, in fact, mirrored ABET Criteria 1, 2, 3a-k and
program specific criteria.

Program objectives are reviewed annually by the ABE Advisory Council at their fall meeting and
by the ABE faculty at a retreat in spring of each year. At the Spring 2002 faculty retreat, the faculty
recommended that the original set of objectives be shortened and more specifically address what
we would like graduates of the program to be doing in the first few years after graduation. A new
set of four objectives was developed and sent to the ABE Advisory Council for review and
comment. At the fall 2002 Advisory Council meeting, the council recommended shortening the
list of objectives to three that were similar to the current objectives. These new objectives were
subsequently reviewed and adopted by the faculty with minor revisions at their January 2003
retreat.

Each year at the spring ABE faculty retreat and at the fall ABE Advisory Council meeting, these

program objectives were reviewed and discussed. No changes were made except to adapt the name
to the new ABET program criteria for “Biological and similarly named programs”. This change
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in criteria necessitated changes to two required courses (ABE 423 and ABE 447 described below)
to ensure that all graduates obtained training in advanced biological techniques. Outside of these
course modifications, there were no changes in program objectives.

Both the Advisory Council and the Department faculty continue to review the objectives each year
and will continue to modify them as necessary. The most recent meeting of the Advisory Council
(see the most current members and list of Advisory Council in Appendix O) was on October 23,
2015, where a review of the Program Educational Objectives was an agenda item and the results
of this discussion are captured in the minutes of that meeting which will be available at the time
of the visit or will be provided on request.

The Advisory Council also reviews the Departmental Strategic Plan, which defines the broader
goals of the Department and the strategy for achieving them. This plan is also reviewed annually
by the ABE faculty and underwent major review and revision at a two day retreat in May 2001.
The most recent version of the ABE Department Strategic Plan was updated in April of 2010 and
again in February of 2013 and will be available for review at the time of the visit or will be provided
on request.
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CRITERION 3. STUDENT OUTCOMES

A. Student Outcomes

As a first step toward achieving Program Educational Objectives, BE students are expected to
fulfill a set of learning outcomes which prepare them upon graduation to achieve the Educational
Objectives of the Program. Thus, based on the ABET Criterion 3 (a-k) and Program Specific
Criteria for Biological and Similarly Named Engineering Programs, the faculty developed a set of
desired learning outcomes which would meet these criteria and the program educational objectives.
The BE Learning Outcomes are defined as a combination of knowledge and skills that a BE student
is expected to attain at the time of graduation. Thus, a University of Arizona Biosystems
Engineering graduate, at the time of graduation:

a. Can apply mathematics, science and engineering principles to solve problems.

b. Can design and conduct experiments and analyze and interpret data.

c. Can design a system, component or process to meet desired needs within realistic
constraints.
Can function on multidisciplinary teams.
Can identify, formulate and solve engineering problems.
Has an understanding of professional and ethical responsibility.
Can communicate effectively.
Has the broad education necessary to understand the impact of engineering solutions in
global, economic, environmental, and societal context.
Recognize the need for and the ability to engage in lifelong learning.
Has a knowledge of relevant contemporary issues.
Can use the techniques, skills, and modern engineering tools necessary for engineering
practices.
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B. Relationship of Program Outcomes to the Program Educational Objectives

As noted earlier in the report, the Educational Objectives of the Biosystems Engineering Program
at the University of Arizona are to produce graduates:
1. Who are effective engineers within natural resources and biotechnology related industries;
2. Who have the foundation to undertake engineering projects and make significant
contributions; or are
3. Enrolled in an advanced engineering, medical or other professional degree programs and
are successful in those.

Based on these educational objectives and the Mission of the ABE Department as shown in section
Criterion 2 of this report, a set of measurable program outcomes was defined by the ABE faculty.
These program outcomes reflect both the ABET criteria 3 (a-k) and the ABET program specific
criteria for Biological and similarly named programs as well as the program educational objectives.

Table 3-1 illustrates how the UA BE Program Outcomes relate to the UA BE Program Educational
Objectives. As a first step towards achieving the Program Education Objectives, BE students must
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satisfy the Program Outcomes. The letters in each cell (H, M, L, or blank) indicate the level of
contribution that each outcome makes towards the objectives. It can be seen from this table that
each of the outcomes has a close relationship to educational objectives. In this case, there are no
blank cells indicating that all learning outcomes contribute to each of the educational objectives.
By satisfying all outcomes, graduates will be on a path to meet the program objectives shortly after
their graduation. Taken together, Tables 3-1 and 5-3 show how Learning Outcomes are related to
both ABET Criteria and to the Program Educational Objectives. We also present matrix of courses
and activities that relate to BE Learning Outcomes in Table 5-4, while a more in depth table for
specific foundation, required and elective courses, and their alignment and mapping against
student learning outcomes are provided in Appendix I1.

Table 3-1. Matrix of UA BE Educational Objectives and Learning Outcomes.

UA BE Educational Objectives
Produce graduates who are:
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BE Program Outcomes w Q
a Can apply mathematics, science and engineering principles to Y Y H
solve problems
b Can design and conduct experiments and analyze and Y Y H
interpret data
c Can design a system, component or process to meet desired M M H
needs within realistic constraints
d Can function on multidisciplinary teams H H L
e Can identify, formulate and solve engineering problems H H H
f Has an understanding of professional and ethical responsibility H H M
g Can communicate effectively H H M
Has the broad education necessary to understand the impact
h of engineering solutions in global, economic, environmental H L M
and societal context
i Recognize the need for and the ability to engage in lifelong Y Y H
learning.
j Has a knowledge of relevant contemporary issues H H L
K Can use the techniques, skills, and modern engineering tools Y Y M
necessary for engineering practices.
H = High Contribution, M = Medium Contribution, L = Low Contribution, Blank = Little or no contribution
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CRITERION 4. CONTINOUS IMPROVEMENT

A. Student Outcomes

The Biosystems Engineering Baccalaureate program at The University of Arizona was designed
to train students in the application of engineering and life sciences to address problems in the areas
of natural resources and biotechnology. This program meets the ABET 2016-2017 Criteria for
Accrediting Engineering Programs such that our students meet or exceed the stipulated program
outcomes (a-k, detailed below). Additionally, the Biosystems Engineering program meets or
exceeds the ABET program criteria for “Biological and similarly named Engineering programs”
which include training students such that at the time of graduation, they have proficiency in
mathematics through differential equations, a thorough grounding in chemistry and biology, and a
working knowledge of advanced biological sciences consistent with our program educational
objectives. Students must demonstrate competence in the application of engineering to biological
systems in order to obtain the B.S. degree.

We have established a comprehensive process for developing our program outcomes, evaluating
the extent to which these meet the needs of our clientele, and assessing the degree to which the
program meets the desired outcomes (for students at the time of graduation), and to which the
outcomes meet our program objectives for alumni shortly after their graduation.

A.1. Process for Establishing and Revising Program Outcomes

Academic Programs Assessment Committee

The primary function of the ABE Academic Programs Assessment committee has been to: 1)
Review ABET accreditation criteria to ensure that the faculty and Department Head are appraised
of the criteria and make recommendations to the faculty and the Head to ensure that the BE
program is meeting the criteria; 2) Implement, maintain, and improve assessment tools for
continuous improvement of all ABE Academic Programs; and 3) Analyze assessment data and
formulate recommendations for improving each program based on these analyses.

Biosystems Engineering Continuous Improvement Process

Figure 4-1 is a schematic of the continuous improvement process developed by the ABE
assessment committee and which has been used to assess the degree of achievement of both
program learning outcomes and program educational objectives. The key elements of this process
began with the development of a set of detailed, program specific educational objectives. These
objectives were developed in conjunction with constituents that were defined as the ABE faculty,
students, alumni and employers of BE graduates.

An ABE Advisory Council, which was formed in 1995, was used as the primary external forum to
review and modify educational objectives proposed by the faculty initially during the 1996-97
academic year. The Advisory Council membership, which periodically meets, includes alumni,
industry, representatives, an undergraduate student representing ABE/BE undergraduates and a
graduate student representing ABE graduate students. The process for development of the initial
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program educational objectives was defined in Criterion 2 of this self-study; a parallel process was
utilized to develop the Biosystems Engineering program outcomes.

Mission ABET Criteria

y ¥

Educational Objectives

Constituents” Input__,

(employ.ers, faculty, :
alumni, students) M
A Expected Student - !
Learning Outcomes ¥
[ 1
lMeasurable ! Curriculum
- ! 1
learning goals | Matrix :
Performance P R
Competencies | Assess/evaluate Performance i
/
/ Gaps Performance
Indicators
Improvement Planning Data Analysis
Improvement Actions Performance Data

A A AA [ )
Measurements
¥ | 11 | |

Admission "] Courses and Other [ * Graduation |
Learning Activities

Figure 4-1. Overall flow chart for the ABE continuous improvement process used for the
Biosystems Engineering degree program.

ABE Undergraduate Program Committee

The ABE Undergraduate Program committee is charged with ensuring that the Biosystems
Engineering curriculum provides students with the experience necessary to meet the Biosystems
Engineering Program Educational Objectives and the Program Outcomes. Specifically, the charges
for this committee are:

1.

w

Review, plan, revise, and update courses and advisory materials for the academic
undergraduate programs of the department; ensure that curriculum is maintained to meet
ABET Criteria.

Review departmental offerings in computer classes (ABE 120, ABE 205, and ABE 221)
and ensure that they are current, appropriate, and meet the needs of both the ABE
department and other relevant programs.

Develop a strong program of recruiting and placement for undergraduate students.
Provide advice to the department on how best to use funds provided by the differential
tuition paid by Biosystems Engineering students with advanced standing; review year-end
report of how differential tuition funds were spent to the benefit of the undergraduate
program.

Identify and nominate deserving undergraduate students for College and University
Awards.
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6. Encourage students to apply for scholarships available to undergraduate students.
7. Actively seek to establish new and continuing sources of funding for such scholarships.
8. Participate on both CALS and ENGR Undergraduate Studies Committees.

This committee is comprised of faculty appointed by the Department Head and ABE Academic
Program Coordinator. Past Department Heads have also included one undergraduate student for
representation. Courses and curriculum issues are first brought to the Departmental committee
which, in turn, makes recommendations to the ABE faculty as a whole. Upon approval by the ABE
faculty, any curriculum changes are forwarded to the College of Engineering Undergraduate
Studies Committee. The chair of the Biosystems Engineering Curriculum Committee serves as the
Departmental representative to the ENGR Undergraduate Studies Committee.

College of Engineering Undergraduate Studies Committee

The Undergraduate Studies Committee consists of one faculty member selected by each
department from the corresponding departmental committee, two staff members selected by the
College Staff Team, and a student representative selected by the Engineers’ Council. The
Academic Dean serves as an ex-officio member of this committee. The Dean convenes the first
meeting of each academic year, when necessary, and arranges for the election of a chair from the
membership of the committee.

The primary function of the Undergraduate Studies Committee is to deal with curriculum
development and other matters concerning undergraduate studies that involve multiple programs
within the College or cannot be appropriately dealt with at the department level. This committee
also serves as a forum for communicating and discussing curriculum changes affecting more
than one department. Additionally, the Engineering Department at Pima Community College
(located only several miles from the UA campus) is invited to assign a faculty member to serve
as a non-voting member of the committee. Having this participation by Pima CC has been
fundamental to ensuring course translation across institutions.

A.2. Documentation

The assessment process for the biosystems engineering program utilizes many tools.
Documentation is provided below and in the attached appendices. Copies of reports and examples
of student work will be made available to the evaluation team upon the site visit.

The BE Assessment Process and Assessment Tools:

Figure 4-1 provided an overview of the continuous improvement process, a critical element of
which is the assessment process. The Agricultural and Biosystems Engineering Department has
developed and maintained an assessment process which includes the following assessment tools:

1. Documentation that students are completing courses required in the curriculum: The
BE curriculum is specifically designed to provide formal coursework and educational
experiences, which addresses each of the expected learning outcomes. The matrix in Table
4-3 illustrates how specific courses and electives address each of the program outcomes.
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a) Students must complete all required courses in the curriculum provided in
Appendix E1. The student must complete the curriculum with an overall GPA of
2.000/4.000 as well as an overall GPA of 2.000/4.000 in all ABE courses.

b) The University of Arizona maintains a Student Academic Advisement Report
(SAAR), which shows student progress towards completing degree requirements.
These progress reports are reviewed each semester for each student by faculty
advisors to ensure that the students are making reasonable progress. Appendix E3
provides an example of a SAAR for a student near graduation.

2. Pass/fail data for Fundamentals of Engineering (FE) exams from the State Board of
Technical Registration: We utilize the performance of our students and graduates on the
FE exam as an added measure of how well we are achieving our desired learning outcomes.
We require that all graduating seniors take the FE exam. Individual student scores are
compared with a metric of satisfactory performance shown in Table 4-5. We obtain a
summary of student performance on the sub-topics of the exam. This information is
provided in Tables 4-2, 4-3, and 4-4 and in Figures 4-2 and 4-3.

3. Exit surveys administered to graduating seniors during their final semester:
Graduating seniors are required to complete an “exit” survey near the end of the semester
in which they are graduating. The questionnaires used in this survey query students on how
well they believe their educational experience has addressed each of the desired program
outcomes. The questionnaires ask questions related to involvement in professional
societies and their participation in internships. Students respond to each question by
responding; exceptionally well, more than adequately, adequately, and less than
adequately. A sample of this questionnaire, administered by the College of Engineering, is
provided in Appendix G1. (Please note that this is an online survey, and Appendix G1
displays question 42, To what degree did your engineering education enhance your ability
to: ... There are 24 items in the list. There are 62 total questions in the entire survey).

4. Surveys sent to BE alumni after graduation: Questionnaires were sent to alumni who
had graduated between 2009 and 2015. In addition to a request to “rate” how well their
educational experience achieved the program outcomes, they are asked specific questions
about whether or not their educational experience met their career needs, what they suggest
be changed and whether or not there was topical material that they learned on the job that
should have been included in their education but was not. This report presents the results
of the surveys. An example of the questionnaire is provided in Appendix G2.

5. Student evaluations of ABE classes through a University Administered Teacher —
Course Evaluation (TCE): This evaluation is administered each time a class is offered
and provides information about the instructor as well as course content. For our assessment
process we have chosen to focus primarily at results of four of the questions. A summary
is presented in Tables 4-8 and 4-9.
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Q1. What is your overall rating of this instructor's teaching effectiveness?

Q2. What is your overall rating of this course?

Q3. How much do you feel you have learned in this course?

Q4. What is your rating of this instructor compared with other instructors you have had?

6. Results of a Comprehensive Academic Program Review: The University of Arizona
requires that each academic program undergo a comprehensive review every seven years.
The current cycle is such that this review provides a thorough intermediate time frame
evaluation of the Biosystems Engineering program as well as other programs of the
Department (graduate ABE and undergraduate agricultural systems management
programs). The most recent such review was undertaken during the 2015-2016 academic
year with the resulting report presented to the Department and the University Provost in
April 2016. We view this review as an important element of our Program Assessment
process. A summary of those recommendations are presented in Appendix H.

7. Evaluation of design projects by representatives from industry/agencies: Beginning
with the Spring 2010 semester, we included outside representatives from industry or
appropriate government agencies in the evaluation of the design projects of our seniors,
specifically as they relate to the desired program outcomes and professional component.
We have found individuals from both industry and government willing to participate and
to provide substantial feedback to the students.

8. Evaluation of performance criteria in individual courses: ABE faculty developed a
quantitative process to assess student performance to meet program outcomes as assessed
in individual courses. Assessments were made in multiple courses using a variety of tools
including homework, projects, exams, presentations, and laboratory exercises. A summary
of this methodology is presented in Appendix L, and the results of the assessments are
summarized in Tables 4-12 and 4-13 and in Appendix M.

9. Periodic review of assessment outcomes by a standing faculty committee each year:
The Department has established an ABE Academic Program Assessment Committee which
has the responsibility to collect and evaluate the results of the surveys, advisory council
recommendations, learning outcomes, design project judge’s evaluations periodically and
reporting those results to the faculty and the advisory council. This report is usually
provided at the annual faculty retreat in the Spring semester and to the fall meeting of the
advisory council. The assessment committee may also make recommendations to the
faculty as a whole or to the curriculum committee about suggested steps to take to improve
the program as a result of the assessment process.

A.3. Achievement of Program Outcomes

Metric Goals for Successful Achievement Levels

General Criteria for Assessing Program Achievement Levels
The general criteria established by the BE program for assessing achievement levels is summarized
in Table 4-1. In this assessment scheme, a rating of 2 is the minimum level of quality of outcomes
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necessary to produce graduates that will ultimately achieve the program educational objectives
following their graduation.

General qualitative and quantitative criteria for each achievement level are given. Quantitative
criteria are based on a target value or score, to which the score is compared. The target depends
on the specific assessment tool in question. For example, in the assessment of FE exam results, the
score achieved is the average score of BE program students while the target score is the national
average score achieved by all agricultural or biological engineering program students.
Comparisons of scores achieved to targets may be done directly (e.g. whether the score achieved
meets or exceeds target) or through a calculated Index (e.g. 85 < Index < 100), where Index is the
ratio of Score to Target (Index = 100 x Score/Target).

Table 4-1. General criteria for assessing achievement of learning outcomes and program
education objectives.

Achievement Level Criteria for Assessing Achievement Levels
Qualitative Quantitative
Numeri .
Verbal | Accept-ability Index = 100X . .
c Score vs Target Interpretation and Actions
Score /Target .
Indicated
Inadequate. Program/process
Score achieved is component significantly below
Very Not Index below . .
1 Low Acceptable more than 30% 70 the norm. Corrective action
P below Target needed. Continued performance
at this level must be prevented.
. . Borderline adequate. Fails to
Score achieved is
Barely Index between | measure up to the norm. Further
2 Low 15% to 30% . S
Acceptable 70 and 85 investigation is warranted. May
below target . . .
require corrective action.
Adequate. Program/process
. . component meets or nearly
. Score achieved is .
Mediu Fully Index between | meets the norm. No corrective
3 no more than . . .
m Acceptable 85 and 100 action needed. Consider action
15% below target .
to strengthen as time and
resources permit.
Positive point. Program/process
. component exceeds the norm.
Score achieved . . .
4 Hich More than meets or exceeds Index between | No corrective action required.
& Acceptable tareet 100 and 115 Ensure that changes elsewhere
& do not adversely affect this
program/process component
This component is a major
strength for the
. rogram/process. No corrective
Score achieved P .g /P . .
Very Index above action required. Possible feature
5 . Exemplary exceeds target by . .
High 115 to be emphasized in external
15% or more N
communications, or role model
for other program/process
components.
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A.4. Assessment Results

FE Exam Results

Table 4-2 displays the results of FE exams taken by ABE/BE students in 2010-2013 provided by
the State Board of Technical Registration. A summary comparison of student performance on the
FE exam to the target performance is presented in Table 4-3 and Figure 4-2. FE exam format and
scoring has been changed since 2014, thus the results for 2014 and 2015 are presented in Table 4-
4 and Figure 4-3.

Overall for years 2010-2013, scores of the BE students averaged 97.2% of the national average of
the scores of all biological engineering students thus achieving performance level 4 for the
program as a whole. Performance levels on specific topic areas were generally 3’s and 4’s. The
lowest indices were obtained for strength of materials (index of 87.3), engineering mechanics
(index of 87.7). There is sizeable variation from year to year, especially in the fluid mechanics
which has a low index of 64.2 in 2011 while a high index of 96.9 in 2013, with an average index
of 84.4. The highest index were from probability and statistics (109.0), advanced engineering math
(108.7), chemistry (107.4), math (101.1), biology (103.9), computers (103.9) and thermodynamics
(96.4). For the 2014-2015, scores of the BE students averaged 71% of the national average of the
scores of all biological engineering students thus achieving performance level 2 for the program
as a whole. However, performance levels on specific topic areas were generally 3’s and 4’s. A
single student in 2015 performed very poor in the exam, thus affected the overall performance
level. The lowest indices were obtained for material sciences (index of 0.88), dynamics (index
0.87) and fluid mechanics (index of 0.82) in 2014 while the lowest indices were in Chemistry
(index of 0.83), Engineering economics (0.78), Ethics (0.77), Safety, Health and Environment
(0.81) in 2015. One student performed very poor in Electricity and Magnetism in 2015, thus the
average index for that topic is fairly low with index of 0.45, however for this topical area our
students performed fairly well in the previous years. We will further investigate the reason for this
and take action to improve. Our students performed fairly well on Math (0.98-1.07), Probability
and Statistics (1.0-0.86), Instrumentation and Data Acquisition (1.17-1.05), Heat, Mass and
Energy Transfer (0.96-0.95), Fluid Mechanics (0.82-1.03) in 2014 and 2015.

An important point to make is that the FE exam is required of all University of Arizona Biosystems
Engineering students. We do not know to what degree this is required at peer institutions, but
believe that if the exam were not required then predominantly it would be the strongest students
who would take the exam and thus have a higher national index than if all students were required
to take the exam. Despite this, UA BE students perform very well on the exam and have a pass /
fail index of 98.8 for 2010-2013 period, clearly indicating that UA BE students performed at least
as well as their peers. The pass / fail rates were low with 82 and 60%, compared to ABET
comparator rates of 0.88 and 0.87, for years 2014 and 2015, respectively.

FE Exam topic areas do not directly coincide with the demonstrable abilities derived from ABET
criterion 3 (a-k) and the specific program criteria for biological and similarly named engineering
programs. However, as shown in Table 4-8, they are related and hence can serve to assess program
performance in certain of the demonstrable ability areas. From this table, it can be seen that the FE
Overall exam results indicate a medium to high (average 3.3) level of achievement on eight
Learning Outcomes (except d, g, i), indicating that these outcomes are being achieved.
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Comments. Having biology, thermodynamics, probability and statistics, math, heat, mass and
energy transfer, instrumentation and data acquisition as the strengths of our students performance
is no surprise. These are major emphases of required and elective courses in our program.
Thermodynamics and heat transfer are a primary foci as required topics in ABE 284 while
transport phenomena has been the primary focus of one course (ABE 484, until 2012, then
changed to AME 431 or 432 with heat transfer focus). These topics are key components of many
of our design elective courses.

The weakness in electricity and magnetism parallels the generally poor feedback received on the
physics sequence at the University of Arizona (Phys 141 = statics; Phys 241 = electricity and
magnetism). We believe that this also impacts the student performance on strength of materials
(an application of Phys 141 skills). We have been placing more emphasis in ABE 447 (the course
which predominantly utilizes electricity and magnetism). Student feedback on the ABE 447 course
has greatly increased past several years, and so we are confident that our students have a good
understanding of application of electricity and magnetism in general.

An important point to raise here is that the FE scores shown here are for nearly all of the
Biosystems Engineering students in our program. We made taking the FE exam a requirement
connected with the ABE 496a and ABE 498b courses. It is not necessary that students pass the
exam but that they register while taking 496a and take the exam while taking 498b. Other
biological engineering programs across the country may not require that all of their students take
this exam (we know of few that do). Most likely if students are voluntarily taking the FE exam
they are most likely the stronger students and performing statistically better than if all students
were required to take the exam. Given this perspective, our students having a passing rate
equivalent to their peers across the country is certainly acceptable and is perhaps a desirable goal.
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Table 4-2.

Index of UA BE scores to national average Biological Engineering scores on FE Exam for 2010-2013.

University of Arizona Biosystems Engineering FE Scores 2010-2013

Topic Area
Eng'me Engmeer Stren Materi Fluid Electr& Advncd . Apps of Engin
Prob& Chm- Compu . ering ing gth of al . Bio- . %
Math Stats str ters Ethics Econo Mechani | Mater | Proper Mecha Magne Thermo Enging lo Enging of Pass
v . ! . X P nics tism Math By Mechcs Matrs :
mics cs ials ties
Year n Average % Correct Response and Index in Topic Area
2010 13
UA-BE Avg 69.0 65.5 70.8 75.5 81.7 59.9 68.4 48.8 45.7 63.1 42.2 47.2 70.0 46.0 43.7 46.0 85.0
US Avg 61.7 61.7 73.4 70.3 81.7 56.3 69.0 51.2 55.9 65.2 47.8 47.3 60.7 69.0 51.0 60.3 74.8
Index 111.9 106.2 96.5 107.5 100.0 106.4 99.1 95.3 81.7 96.8 88.2 99.6 115.4 66.7 85.6 76.2 113.6
2011 10
UA-BE Avg 67.3 69.5 67.7 82.5 67.7 62.7 51.8 55.0 51.0 35.8 41.0 45.8 79.3 88.0 37.0 38.7 78.0
US Avg 69.3 66.0 72.7 72.5 74.0 66.2 59.5 51.7 58.0 55.8 53.5 52.8 74.0 68.7 48.0 45.7 80.0
Index 97.1 105.3 93.1 113.8 91.4 94.7 87.1 106.5 87.9 64.2 76.6 86.8 107.2 128.2 77.1 84.7 97.5
2012 7
UA-BE Avg 74.5 65 73.5 75 89 68.5 55.5 39 48 49.75 41.25 49.75 68 91.5 55 57 75
US Avg 77 63.5 73.5 78.5 84.5 72.75 58 53 57 62.25 57.25 57 73 83 63 66.5 82
Index 96.8 102.4 100.0 95.5 105.3 94.2 95.7 73.6 84.2 79.9 72.1 87.3 93.2 110.2 87.3 85.7 91.5
2013 5
UA-BE Avg 68 66.25 73 75.5 80 73.25 69.5 39.5 79.5 69.75 60.5 68.75 93.5 62.5 59.5 66 75
US Avg 72 54.25 68 76.5 82 61.75 58.5 53.5 64.5 72 52.25 61.5 78.5 56.5 59 60 81
Index 94.4 122.1 107.4 98.7 97.6 118.6 118.8 73.8 123.3 96.9 115.8 111.8 119.1 110.6 100.8 110.0 92.6
Weighted
FeEE 9 100.1 109.0 99.2 103.9 98.6 103.5 100.2 87.3 94.3 84.4 88.2 96.4 108.7 103.9 87.7 89.2 98.8
Performance 4 4 4 4 3 4 4 3 3 3 3 3 4 4 3 3 3
Level
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Table 4-3. Index of UA BE scores to national average Biological Engineering scores on FE exam.

Al Al f | Engi
# of Prob& X X Engin Engin | Strength | Material Fluid Electr& dV?Cd X pp.s ° e %
Year Math Chemistry | Comp | Ethics Thermo | Enging Biology Enging of
students Stats Econ Mech | of Matrs Props Mechs | Magsm Pass.
Math Mechcs | Matrs
2010 13.0 111.9 106.2 96.5 107.5 100.0 106.4 99.1 95.3 81.7 96.8 88.2 99.6 115.4 66.7 85.6 76.2 113.6
2011 10.0 97.1 105.3 93.1 113.8 91.4 94.7 87.1 106.5 87.9 64.2 76.6 86.8 107.2 128.2 77.1 84.7 97.5
2012 7.0 96.8 102.4 100.0 95.5 105.3 94.2 95.7 73.6 84.2 79.9 721 87.3 93.2 110.2 87.3 85.7 91.5
2013 5.0 94.4 122.1 107.4 98.7 97.6 118.6 118.8 73.8 123.3 96.9 115.8 111.8 119.1 110.6 100.8 110.0 92.6
Average 8.8 100.1 109.0 99.2 103.9 98.6 103.5 100.2 87.3 94.3 84.4 88.2 96.4 108.7 103.9 87.7 89.2 98.8
Std. dev. 3.0 6.9 7.7 53 7.2 5.0 10.0 11.6 14.1 16.9 13.6 17.0 10.3 10.0 22.7 8.5 12.6 8.8
140 140
120 120
100 100
80 ., 80
s pel
pel =}
ERL E 60
40 40
20 20
0 0
Math Prob& Chemistry Comp Ethics Engin Engin  Strength Material  Fluid  Electr& Thermo Adwvned Biology Appsof Enginof
Stats Econ Mech  of Matrs Props Mechs  Magsm Enging Enging  Matrs
Math Mechcs
m2010 m2011 m2012 m2013 2010 w2011 w2012 m2013

Figure 4-2. Graphical representation of indices for BE students on the FE exam.
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Table 4-4. Ratio scores of UA Biosystems Engineering students on FE Exam for 2014 and 2015.

Ratio Score 2014 Ratio Score 2015
Topics (Inst. Ave. Performance (Inst. Ave. Performance
P-Index / ABET level P-Index / ABET Comp. level
Comp. P-Index P-Index
Math & Adv. Engr. Math 0.98 3 1.07 4
Prob & Stats 1.00 4 0.86 3
Chemistry 1.02 4 0.83 2
Inst. & Data Acquistion 1.17 5 1.05 4
Ethics & Prof. Prac. 1.02 4 0.77 2
Safe., Health & Envr. 1.14 4 0.81 2
Engr. Econm. 0.93 3 0.78 2
Statics 0.91 3 1.0 4
Dynamics 0.87 3 0.97 3
Strength of Matrs 0.94 3 0.95 3
Material Sci. 0.87 3 0.88 3
Fluid Mechanics 0.82 2 1.03 4
Elect., Power & Magn. 1.05 4 0.45 1
Heat, Mass & Enrg. Trans. 0.96 3 0.95 3
Institution ABET Comparator Institution ABET Comparator
# of Examinees Taking 11 125 5 100
# of Examinees Passing 9 110 3 87
% Examinees Passing 82% 88% 60% 87%
14
2014  m2015
12
1.0
s 08
2 06
=
04
02
0.0
Math & Prob & Stats Chemistry Inst. & Data Ethics & Safe. Health  Engr. Statics  Dynamics Strength of Material Sci.  Fluid Elect.  Heat Mass
Adv. Engr. Acquistion  Prof. Prac. & Envr. Econm. Matrs Mechanics  Power & & Energy
Math Magn. Trans.

Figure 4-3. Graphical representation of ratio scores of BE students on FE exam for 2014 and 2015.

Table 4-5 quantifies how student performance on the FE exams is used to characterize to what
degree the BE Learning Outcomes have been addressed. Only eight outcomes can be adequately
addressed with this tool. An average of scores in each subcategory is used to determine an overall
score for that outcome. Student performance rates from a 2.7 to 4.5 with an overall average of 3.3
which we consider based on Table 4-1 to be fully acceptable. Our students perform on par with
their peers at other institutions.
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Table 4-5. Achievement in desired ability areas as determined by FE exam results.

Outcomes Achievement as Determined by FE Exam Results (2010-2015)

engineering practice

Topic Area
G S 2 | 3
. . = -
> 2 | S c < > i e H
> b= 9] © o = o n 5 >~ ~ o 2 & = -
& 2 5 ke 2 © ¢ = < € i © «
e} = a o £ =, w Z = A = = o 53 T
° a " = £ S © (] @ T [
Q2 o £ & K= 4+ b o he] S s < a o a
o S o - a0 @ S =) a = (1 o °2. ob
AR © | AR A
S ks & | =
T
FE Exam Performance Levels in Tested Topic Areas
4|3.3|4|4.5|3.4|2.7|3.0|3.0|3.0|3.0|3.5|3|3.0|3.7|3.0|3.3
BE Learning Outcomes FE Exam Performance Levels for Related Abilities Avg
Apply knowledge of mathematicsand | ;| 33 | 4 | 45 | 34 | 2.7 303035 3 |30]37 33
science to solve problems
Design and conduct experiments and
A 4.5 4.5
analyze and interpret data
Design a system, component, or
process to meet desired needs within 4 3.4 3.4
realistic constraints
Function on multidisciplinary teams N/A
Idertntify, formulate, and solve 4 3.4 30 30 | 30 3 31
engineering problems
Underst.arjnc.l professional and ethical 30 3.0
responsibility
Communicate effectively N/A
Understand the impact of
engineering solutions in a global, 3.0 3.0
economic, and societal context
Recognize the need for and the ability N/A
to engage in lifelong learning
!—|ave a knowledge of contemporary 3.0 3.0
issues
Use techniques, skills, and modern
engineering tools necessary for 4.5 4.5

NA = not assessed by this tool

1 = comprised of engineering mechanics, statics and dynamics
2 = comprised of mathematics and advanced engineering mathematics
3 = comprised of strength of materials, material properties, engineering of materials, material science.

Senior Exit Surveys

All seniors graduating during an academic year complete the survey regardless of the time of
graduation. The senior exit survey is primarily aimed at assessing the level of achievement of
learning outcomes and thus specifically asks graduating seniors to “self-assess” their level of

achievement of each of the outcomes. We use the senior exit survey results, together with TCE
results, FE exam results and alumni surveys, and to gage longer term trends in how we are meeting

outcomes and to determine where adjustments may be needed. Table 4-6 shows the results of these
surveys, conducted with 53 students, since the last accreditation from 2010-2014.
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Table 4-6. Results of Senior Exit Surveys for graduates (n=53).

To what degree did your engineering Exceptionally | More than Less than Adequate
Outcome R e Adequate and
education enhance your ability to: Well Adequately Adequately Higher

a Apply knowledge of mathematics and 25.1% 44.0% 28.9% 2 8% 97.9%
science to solve problems

Design and conduct experiments and

b . 24.5% 33.4% 29.6% 12.6% 87.5%
analyze and interpret data
Design a system, component, or

c process to meet desired needs within 30.2% 22.6% 41.5% 5.7% 94.3%
realistic constraints

d Function on multidisciplinary teams 26.4% 24.5% 35.8% 11.3% 86.8%

e \dentify, formulate, and solve 26.4% 45.3% 26.4% 1.9% 98.1%
engineering problems

Understand professional and ethical

f . 41.5% 26.4% 30.2% 1.9% 98.1%
responsibility

g Communicate effectively 35.8% 34.9% 24.5% 4.7% 95.3%
Understand the impact of engineering

h solutions in a global, economic, and 22.8% 31.3% 32.3% 11.9% 86.4%
societal context

i Recognize the need for and the ability 18.9% 28.3% 50.9% 0.0% 98.1%
to engage in lifelong learning

j Z?Zﬁjsa knowledge of contemporary 28.3% 43.4% 26.4% 0.0% 98.1%
Use techniques, skills, and modern

k engineering tools necessary for 15.1% 28.3% 37.7% 15.1% 81.1%
engineering practice
Average 26.8% 33.0% 33.1% 6.2% 92.9%

The senior exit survey results shows that the perceived achievement levels have been high for nearly
all outcomes. In general, BE seniors appear to be highly satisfied with their educational training.
We should note that majority of the satisfaction levels (ave. adequate or higher) are equal or higher
than 90% indicating a high achievement for outcomes a, c, f, g, i, J.

We can then note that the lowest level of achievements are the 81.1%, 86.4% in the outcome “have
a knowledge of contemporary issues,” “understand the impact of engineering solutions in a global,
economic, and societal context,” “function on multidisciplinary teams,” “use techniques, skills, and
modern engineering tools necessary for engineering practice” which indicates these would be areas
in which to focus improvement efforts. We are pleased to note that the highest average ratings are
for the ability to apply math and science to solve engineering problems; the ability to design a
system, component or process to meet desired needs within realistic constraints; and the ability to
design a system or component. It seems that the students are graduating from the program with a
confidence in their ability to solve problems and create/develop/do design. Their ability to actually
solve these types of problems is also borne out in the results of the FE exams.

Alumni Surveys

Alumni surveys were implemented in the fall of 2015. The surveys were sent to a total of 93 alumni
who had graduated between 2009 and 2015. We received 22 responses with respondents from each
of the seven years. The survey asked the same questions of alumni as were asked of the graduating
seniors. In addition, there are several questions asked by the College of Engineering relating to the
student’s experience in the College and the University. Table 4-7 illustrates the results of surveys.
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The results shows that all ratings are above 4.0 indicating a high level of achievement in all
categories. The alumni gave highest scores to understand professional and ethical responsibility;
understand the impact of engineering solutions in a global, economic and societal context; design
a system, component or process to meet desired needs within realistic constraints, and function on
multidisciplinary teams, which are skill that our advisory council tells us is absolutely necessary.

Table 4-7. Results of Alumni Surveys for graduates between 2009 and 2015 (n=22).

Outcome | To what degree did your engineering education enhance your ability to: Response
a Apply knowledge of mathematics and science to solve problems 4.1
b Design and conduct experiments and analyze and interpret data 4.2
c Design a system, component or process to meet desired needs within 43

realistic constraints '
d Function on multidisciplinary teams 4.3
e Identify, formulate and solve engineering problems 4.2
f Understand professional and ethical responsibility 4.5
g Communicate effectively 4.2
h Understand the impact of engineering solutions in a global, economic and a4

societal context '
i Recognize the need for and the ability to engage in lifelong learning 4.3
j Have a knowledge of contemporary issues 4.0
K Use techniques, skills and modern engineering tools necessary for 40

engineering practice

5=high, 4=moderately high, 3= moderate, 2=low, 1=not at all.

Student Evaluations of ABE Classes through a University Administered Teacher — Course
Evaluation (TCE)
Every class at the University of Arizona is evaluated each time it is taught using an instrument
developed by the Office of Instructional Assessment. The Teacher-Course Evaluation (TCE) is
administered by that office and results are posted on a web site (http://tce.arizona.edu/) which can
be accessed by anyone with a University of Arizona account and password. Thus, students as well
as others can access information about classes in all departments. While the questionnaire addresses
many issues, four questions are useful to the outcomes assessment for our Biosystems Engineering
program. These questions are:

1. What is your overall rating of this instructor's teaching effectiveness?

2. What is your overall rating of this course?

3. How much do you feel you have learned in this course?

4. What is your rating of this instructor compared with other instructors you have had?

This information is useful when used in conjunction with other assessment tools, especially the
senior exit survey. We focus most on the trends observed rather than making too much emphasis
on year to year variation, especially when there are small changes in course content, student
population, and the faculty teaching the course.
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TCE of Required ABE Classes

Table 4-8 shows results of responses to four questions shown above for ABE required courses
(those required courses taught by department faculty). These courses are required of all BE
majors, regardless of their particular area of focus and form the core uniqueness of the BE
curriculum. As was the case with the senior exit and alumni surveys, the rating scale is from 1-5
with 1 being little or none and 5 denoting a lot (or high level of achievement). Again, we use this
data to track courses and identify trends. Thus, it does not make sense to look at the averages of
the results since 2010 but to identify areas where problems may be occurring and where change is
required. As can be seen from the table, ABE 423 course had low scores for two consecutive
years. The reason for this is that the original course instructor left the department in 2012, and
another ABE faculty started teaching the course for the 1% time in 2014 and then 2015. Thus, it
too some time for the new instructor to adjust the course. Considering the suggestions from the
students based on TCE comments, emphasizes modeling of biological systems was transformed to
fit the needs of the biosystems engineering students and included different programming
components. Thus, the TCE scores indicated some improvements in 2016. The rest of the required
courses in general consistently have ratings with 3-4 or greater.

TCEs of Elective ABE Classes

Table 4-9 shows results of responses to the TCE question for those classes taught by ABE faculty
which are elective classes for the major. These classes fall primarily into two main groups:
biological/biosystems related classes and water/natural resources related classes. Thus ABE
426,452, 455, 456, and 458 represent courses related to water/natural resources and ABE 479, 481,
483, 486, and 489 are courses related to biological/biosystems. These ratings are generally in the
medium-high to high-very high category with average scores for each course well above 3.0. This
IS not too surprising since students take these courses by choice and generally feel that they relate
more directly to their focus area than do some of the “required” courses. Table 4-9 provides results
of responses for these same set of classes (elective ABE classes) for the first question (overall rating
of the course). Thus, from the student’s perspective at least, these courses appear to be achieving
their purposes, and this is somewhat borne out by both the senior exit survey results and the alumni
survey results which have similar ratings in the two learning outcome areas can analyze and design
biological processes and systems and can analyze and design natural resource systems.

Table 4-8. TCE (Teacher Course Evaluation): ABE required courses.

Course ABE 201 ABE 205

Intro to Biosystems Engr. Anlty. Comp. Skills
Calendar year Ql Q2 Q3 Q4 Ql Q2 Q3 Q4
2010 * * * * 4.00 | 3.40 | 3.70 4.00
2011 * * * * 3.80 | 3.30 | 3.30 3.90
2012 4.20 | 3.50 | 3.50 | 2.90 | 3.80 | 3.20 | 3.50 4.00
2013 3.10 | 2.80 | 2.70 | 2.70 | 2.80 | 2.50 | 2.90 3.30
2014 430 | 3.80 | 4.0 | 3.90 | 3.10 | 2.80 | 3.20 3.20
2015 4.01 | 3.65 | 3.33 | 3.65 | 3.20 | 2.70 | 3.10 3.70
2016 3.90 | 3.30 | 4.0 3.40
Average 3.90 | 3.44 | 3.38 | 3.29 | 3.27 | 3.03 | 3.39 3.79
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Course ABE 221 ABE 284

Introduction to CAD Biosystems Thermal Engr
Calendar year Ql Q2 Q3 Q4 Ql Q2 Q3 Q4
2010 3.60 | 2.70 | 3.50 | 4.00 | 4.40 | 4.20 | 3.90 | 4.20
2011 3.60 | 3.50 | 3.70 | 4.30 | 3.90 | 3.60 | 3.50 | 3.70
2012 3.30 | 3.20 | 3.50 | 4.10 | 3.90 | 3.60 | 3.50 | 3.90
2013 3.60 | 3.20 | 3.40 | 4.00 | 3.30 | 2.90 | 3.10 | 3.40
2014 3.25 |2.85|3.60 | 400 | 3.90 | 3.30 | 3.30 | 3.70
2015 343 | 352 (355|3.09|3.70|3.21 |3.43 | 3.24
2016 3.26 | 3.31 | 3.89 | 2.84
Average 3.43 | 3.18 | 3.59 | 3.76 | 3.74 | 3.32 | 3.37 | 3.59
Course ABE 423 ABE 447

Biosys. Anlysis+Design Sensors & Controls
Calendar year Ql Q2 Q3 Q4 Ql Q2 Q3 Q4
2010 4.60 | 4.50 | 4.30 | 4.10 4.40 | 4.10 | 4.40 | 4.60
2011 4.50 | 4.20 | 4.20 | 3.90 4.20 | 3.80 | 3.90 | 3.80
2012 4.30 | 4.00 | 3.80 | 3.70 3.30 | 3.20 | 3.20 | 3.30
2013 * * * * 3.92 | 3.73 | 3.65 | 3.67
2014 2.30 | 2.00 | 2.40 | 2.50 3.90 | 3.50 | 3.50 | 4.20
2015 2.30 | 2.10 | 2.20 | 2.50 3.67 | 2.89 | 3.67 | 2.95
2016 3.22 | 3.00 | 2.89 | 2.89
Average 3.50 | 3.30 | 3.30 | 3.30 3.90 | 3.50 | 3.70 | 3.80
Course ABE 498A ABE 498b

Biosys. Engr Design | Biosys. Engr Design Il
Calendar year Ql Q2 Q3 Qa4 Ql Q2 Q3 Q4
2010 3.60 | 3.30 | 3.40 | 3.20 * * * *
2011 4,10 | 3.50 | 3.50 | 3.70 4.00 | 3.70 | 3.80 | 3.50
2012 * * * * 4.30 | 4.10 | 4.20 | 4.30
2013 4.00 | 3.90 | 4.00 | 3.60 4.30 | 3.80 | 4.30 | 4.70
2014 3.40 | 3.00 | 3.00 | 3.40 * * * *
2015 3.47 | 3.24 | 2.94 | 3.29 * * * *
2016 3.47 | 3.24 | 2,94 | 2.94 3.25 | 2.58 | 3.75 | 3.08
Average 3.67 | 3.36 | 3.30 | 3.36 3.96 | 3.55 | 4.01 | 3.90

Note: Symbol “*” indicates the terms that the TCEs scores were not tallied due to low TCE participation
and/or the course was not offered during that term.

Table 4-9. TCE (Teacher Course Evaluation): ABE elective courses.

Course ABE 426 ABE 452

Watershed Engineering Sustain+Innov. Global
Calendar year Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4
2010 * * * * 3.30 | 3.20 | 3.20 | 3.00
2011 430 | 3.80 | 410 | 4.00 | * * * *
2012 430 | 3.80 | 3.80 | 3.80 | 4.00 | 3.60 | 3.80 | 3.40
2013 4.40 | 410 | 4.20 | 4.00 | 4.00 | 3.60 | 3.60 | 3.80
2014 4.20 | 3.90 | 4.00 | 4.00 | 3.40 | 3.10 | 3.10 | 2.90
2015 419 | 419 | 400 | 419 | 3.10 | 2.70 | 3.00 | 2.70
2016 3.69 | 419 | 355 | 3.69 | 404 | 3.60 | 3.30 | 3.56
Average 418 | 4.00 | 3.94 | 395 | 3.71 | 3.32 | 3.36 | 3.27




Course ABE 455 ABE 456
Soil+Water Rsrcs Engr. Irrigation Sys. Design
Calendar year Q1 Q2 Q3 Q4 Ql Q2 Q3 Q4
2011 * * * * 3.60 | 2.90 | 3.10 | 3.60
2014 4.60 | 4.40 | 4.20 | 3.80 | 5.00 | 4.80 | 4.20 | 3.80
2015 458 | 4.18 | 3.94 | 444 | 4.60 | 4.30 | 4.40 | 4.20
2016 458 | 4.17 | 3.94 | 4.34
Average 4.59 | 4.25 | 4.03 | 4.19 | 4.40 | 4.00 | 3.90 | 3.87
Course ABE 458 ABE 459
Soil Wtind Wstwtr Reus Design of onsite Wstwtr
Trtmnt Systms
Calendar year Q1 Q2 Q3 Q4 Ql Q2 Q3 Qa4
2010 4.00 | 4.00 | 3.60 | 3.90 | 4.60 | 4.00 | 4.00 | 4.20
2012 * * * * 3.50 | 2.90 | 3.20 | 3.40
2014 4.10 | 3.70 | 3.70 | 3.80 | 4.30 | 3.40 | 3.70 | 4.30
2015 4.20 | 4.10 | 3.90 | 3.80 | 3.72 | 3.44 | 3.56 | 3.40
2016 4.03 | 3.88 | 3.24 | 3.78 | 3.88 | 3.45 | 3.56 | 3.55
Average 4.08 | 3.92 | 3.61 | 3.82 | 4.00 | 3.44 | 3.60 | 3.77
Course ABE 479 ABE 483
Appl Instrmt. in CEA Cont. Environ. Systm
Calendar year Ql Q2 Q3 Q4 | Q1 Q2 Q3 Q4
2010 340 | 2,90 | 2.60 | 2.90
2011 4.60 | 4.40 | 4.00 | 4.30 | 4.20 | 4.20 | 4.10 | 4.20
2012 4.60 | 4.40 | 4.60 | 3.80 | 4.30 | 4.00 | 3.90 | 3.90
2013 470 | 4.60 | 4.70 | 4.70 | 3.90 | 3.70 | 3.80 | 3.80
2014 490 | 4.10 | 4.10 | 3.70 | 4.20 | 3.80 | 3.70 | 3.90
2015 4.40 | 4.20 | 4.40 | 3.80 | 3.77 | 3.50 | 3.75 | 2.76
2016 4.80 | 4.60 | 4.45 | 4.55
Average 4.67 | 4.38 | 4.38 | 4.14 | 3.96 | 3.68 | 3.64 | 3.58
Course ABE 481A ABE 481B ABE 486
Engr/Biological Process Cell+Tissue Engr. Biomat-Tissue Interac.
Calendar year Q1 Q2 | Q3 Q | Q1 Q2 Q3 Q4 ([Q1 | Q2 Q3 | Q4
2010 3,50 | 3.20 | 3.30 | 3.30 | * * * * * * * *
2011 290 | 2.60 | 290 | 2.90 | * * * * 3.60 | 3.50 | 3.70 | 4.10
2012 3.10 | 2.50 | 2.90 | 2.80 | 3.90 | 3.40 | 3.60 | 4.10 | 3.90 | 3.50 | 3.30 | 3.80
2013 3.10 | 2.60 | 2.80 | 2.80 | 3.00 | 2.60 | 2.80 | 3.10 | * * * *
2014 * * * * 4.00 | 3.50 | 3.60 | 3.90 | 4.00 | 3.60 | 3.50 | 3.80
2015 * * * * 4.10 | 3.60 | 3.50 | 4.30 | 3.19 | 2.66 | 3.52 | 2.89
2016 * * * * 3.87 | 3.01 | 416 | 2.72
Average 3.15 | 2.73 | 2.98 | 2.95 | 3.77 | 3.22 | 3.53 | 3.62 | 3.67 | 3.32 | 3.51 | 3.65
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Note: Symbol “*” indicates the terms that the TCEs scores were not tallied due to low TCE
participation and/or the course was not offered during that term. The ABE 481A course has not
been taught by the ABE Faculty as of Fall 2014.

Results of a Comprehensive Academic Program Review

The University of Arizona mandates a comprehensive review of each academic program in the
University every seven to ten years. This review differs considerably from an ABET Accreditation
Review in that it investigates all academic programs in a department (both undergraduate and
graduate) at the same time and with the same set of criteria. The primary criteria by which each
program is reviewed are: resource criteria (adequacy of resources to effectively carry out
departmental programs), student selectivity (adequacy of selection process for both undergraduate
and graduate students to ensure quality) and reputation of the faculty (ranking and status of the
faculty within their professions both nationally and internationally).

The most recent academic program review of ABE Department programs was conducted during
Spring 2016. The process requires preparation of a self-study by department faculty and culminates
with a two day on-site visit to the campus by a review team. The University of Arizona guidelines
require that the review team include department alumni (Water Resources Engineer/Senior Project
Manager at CH2M), a community member (Vice President, Wholesum Family Farms, Inc.), two
internal reviewers from University of Arizona (Dept. Head School of Plant Sciences, and a
faculty member from Department of Chemical and Environmental Engineering), and three
external reviewers who are regarded as nationally recognized leaders in the fields covered by
department programs (Dept. Head, Agricultural and Biological Engineering, the University of
Illinois-Urbana Champaign; Chair, Agricultural and Biosystems Engineering, North Dakota State
University; and Dept. Head, Agricultural and Biological Engineering, Purdue University).

The report of the Comprehensive Review Team from 2015-2016 is presented in Appendix H. In
summary, the team reported favorably on our program. Relative to the undergraduate program,
among the strengths identified were:

e The Department’s national ranking, 19" in the nation, considering the small size of the
unit and all of the changes experienced (referring to two faculty leaving the department
and forming of Biomedical Engineering Department and losing substantial amount of our
students to that department).

e The Department’s active participation in general education with their offering of two
general education courses and one service class, all with high enrollments,

e The impressive hands-on learning opportunities for undergraduate

e The strong emphasis in the Department to integrate teaching and research activities,

e Department’s 100% placement for undergraduate students, the significant number of
honor students that are part of their program, their strong senior design program, and the
access students have to the Department shop enabling them to “build anything”.

Among the recommendations provided relative to the undergraduate programs were:
e The Department’s emerging emphasis on systems/informatics/analytics should be
considered as a potential strong integrator of the Department’s domains and core
competencies,
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e An additional 0.5 FTE staff position for student recruitment, retention, placement, and
alumni relationships would strengthen the Department’s undergraduate program. Explore
strategic alliances and joint recruitment activities with other departments in College of
Engineering, College of Agriculture and Life Sciences.

e Coordinate and increase activity and partnering with students from other departments in
College of Engineering for students design projects and teaming up.

We have already started addressing some of the recommendation presented above and will
continue our efforts in the coming years.

Evaluation of Design Projects by Representatives from Industry/Agencies

As part of our effort to improve our assessment process, we use a program of evaluation of senior
design projects (ABE 498b) by engineers from industry or relevant government agencies. The
evaluation is part of Engineering Design Day competition where our students are required to
participate. They are evaluated by judges who are practicing engineers from both industry and
government agencies. The judges are asked to review the design, the poster, and oral presentation
by the design team. They are provided with an evaluation form and are asked to rate each project
in several categories: creativity of design, quality of design and implementation, engineering
analysis, and effectiveness of the oral presentation. Each of these categories is rated on a scale of
1-5, with 5 being superior and 1 being unsatisfactory. Every year for the past 6 years the ABE 498b
had at least two teams participating in the competition with teams from the entire College of
Engineering. ABE students won several awards almost each year in competition. Table 4-10
provides a summary of the evaluation of samples of projects that competed during 2010-2016.

The overall performance of our design teams in all the different categories they were judged was
above the competent level which is defined by the good score. The data we obtain every year
provides information for our assessment database that we continue to use for continuous
improvements.

The overall average score is 3.7 indicating that these practicing engineers rated the senior design
projects as being overall above “good” and close to “excellent.” Review teams consisted of a mix
of engineers from a wide variety of disciplines who were asked to gauge numerous designs which
spans the College of Engineering Senior design experience. An important difference between the
ABE senior design projects and others judged on the same day lies in the budget made accessible
to the students which is often less for the ABE teams than for ENGR teams. This difference is, in
essence, due to larger corporate sponsors for the ENGR senior design teams.

Course Assessments

The ABE faculty developed a process for evaluating student performance in required and elective
classes toward meeting our program outcomes (a-k). Each outcome is assessed in multiple courses
and with multiple assessment tools including homework assignments, exams, projects,
presentations, and laboratory exercises. The metric for assessment of each outcome is provided in
detail in Appendix L. One example summary of the analysis for outcome ”a” is shown below in
Table 4-11 with all of the detailed assessment data from required courses are presented in Appendix
M. A 1-5 scale with 5 being a high level of performance was utilized, following the format of Table
4-1. The metrics for each outcome are dependent on the quantifiable components which together
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demonstrate competence in that specific outcome. Assessment was performed by the faculty
member responsible for each required course (and of some elective courses). Assessment tools
were selected by the individual faculty. A summary of the results of this course-based outcomes
assessment, from required courses, is provided in Table 4-12 below. All outcomes were rated with
scores in the range of 4.11 to 5.00. The metric for each score varies with the learning outcome and
can be seen in more detail in Appendix M. These results indicate that faculty are quite satisfied with
the levels of student performance, however some improvements in the course content or focus were
made to several courses based on the observations of the instructor and feedbacks from the students.

Table 4-10. Summary of performance on Senior Design Projects as rated by external evaluators.

Year Project title i;e;:::i;: Design Erkgri]r::sriisng Presentation | Average
2010 Solar Desalinization 4.7 4.5 4.5 4.8 4.6
2010 Algae Harvesting 3.9 4.3 4.1 4.1 4.1
2012 Portable Aquaponics 3.8 3.8 3.8 3.8 3.8
2012 ;:I:(;cizirllt to Convert Waste Cooking Qil to 25 55 55 5.0 3.1
2012 Development of Very Quick PCR Device 3.8 5.0 5.0 5.0 4.7
2013 gi?éigirggerature Gradient Based, Wire 48 a1 36 42
2013 Hydroponic Barley Fodder System 5.0 4.2 4.0 4.4
2013 Extraction System for Sweet Sorghum 3.5 4.0 2.5 3.3
2014 Archimedes Screw Pump 3.8 4.2 3.8 4.0 4.0
2014 Onion Bulb Harvester 34 3.5 3.0 3.8 34
2014 Concentration SYveet Sorghum Juice via 29 29 25 31 2.9
Reserves Osmosis
5014 Tanque Verde High School Aquaponics 3.0 38 31 3.7 3.4
System
2015 Lettuce Wash Water Recycle System 3.6 3.9 3.4 3.6 3.6
2015 De-Watering System for Algae 3.8 3.9 3.4 3.6 3.7
2015 Smart Hoophouse 3.6 4.0 3.9 3.6 3.8
2015 Graywater Utilization System 2.5 2.3 2.2 3.0 25
2016 Cont. Env. Agric. Plant Production 4.2 4.5 3.7 5.0 4.4
2016 Cont. Env. Agric. Irrigation Infrastructure 3.6 4.0 3.6 4.4 3.9
2016 Cont. Env. Agric. Mushroom Production 3.0 4.0 3.2 3.2 34
2016 Optically-Paired Microfluidics for E. coli 3.1 3.0 2.6 3.3 3.0
2016 Macadamia Nut Harvester 3.7 4.0 3.2 3.8 3.7
Average 3.6 3.8 3.4 3.9 3.7
Scores: 5=superior  4=excellent 3=good 2=marginal 1= unsatisfactory
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Table 4-11. Total summary of Outcome “a” in multiple ABE required courses.

a) Can apply mathematics, science and engineering principles to solve

ABE 423 SP 15/16

ABE 205 SP 15/16

ABE 284 FA 15

Assessed by:

Assessed by:

Assessed by:

problems P. Waller P. Waller M. Kacira Weighted
average
Performance Weighted Total # Weighted Total # Weighted Total #
- Level 5 Level 3 Level 1
Criteria average students average students average students
Applies higher Can apply Poor skills in
level mathematics | higher level the use of
(through mathematics higher level
differential with assistance | mathematics
equations) and or | tosetup and in the
scientific biosystems connection
Mathem?tlcal pr|nC|_pIe5 of engineering between . 384 15 301 )8 425 161 3.70
reasoning chemical, problems mathematical
biological, models and
physical systems physical
to solve systems
biosystems
engineering
problems
Presents Most quantities | Quantities
guantities with are expressed often reported
s appropriate units | in proper units with incorrect
s|g:f|2<:2ce and significant and with or missing 421 14 n/a 28 4.45 109 4.33
digits appropriate units and
significance inaccurate
significance
Recognizes Usually Poor
practical provides a understanding
Utility of significance of correct answer | of
answers (size, but does not interpretation 4.21 14 n/a 28 3.85 55 4.03
answers .
shape, rate are readily check of answers
reasonable in practicality
number)

Weighted Average = 4.13
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Table 4-12. Summary of student learning outcomes assessed in required ABE courses.

Assessed in
Required ABE Courses

BE Learning Outcomes 2015-2016

a Ca.n a.pply mathematics, science and engineering 412 205, 284, 423, 4983, 498b
principles to solve problems

Can design and conduct experiments and analyze

b . 4.20 447
and interpret data

c Can de5|g'n a system, c'on)poner)t 'or proces§ to 4.77 498a, 498b
meet desired needs within realistic constraints

d Can function on multidisciplinary teams 4.37 201, 423, 498a, 498b

e Can identify, formulate and solve engineering 411 284, 498a, 498b
problems

f Has an understanding of professional and ethical 4.82 496

responsibility
g Can communicate effectively 4.57 201, 496, 498a, 498b
Has the broad education necessary to

understand the impact of engineering solutions

h . . . . 4.85 201, 496
in global, economic, environmental and societal
context
i Bec?ognlze the n'eed for and the ability to engage 5.00 501
in lifelong learning.
i !-Ias a knowledge of relevant contemporary 4.96 201, 496
issues
Can use the techniques, skills, and modern
k engineering tools necessary for engineering 4.22 205, 221, 423, 447, 498a, 498b

practices.

Scores: 5 = highest level of performance, 3 = adequate level of performance, 1 = poor level of performance

While the results appear to be markedly similar in scores, the individual components of the analysis
provide some useful insight into assessing components of the Biosystems Engineering program.
The assessment results showed average rates ranged from 4.11-5.0 and so are not major concerns.
However based on individual course and components assessed in a given outcome, faculty observe
that utility of answers, making assumption when solving engineering problems, mathematical
reasoning were areas requiring greater emphasis. Therefore, more focus and components were
added in ABE 205, 284, ABE 423. Another are for further enhancement was on experimental
design, data collection and interpretation. To improve student competency in this area, lectures
were added on experimental design, data interpretation to ABE 423 and 447. Some of our elective
courses such as ABE 479 also focus on student data collection and interpretation with student team
projects as well as with lab activates through autonomous data acquisition. Table 4-13 summarize
student learning outcomes assessed in elective ABE courses. Overall scores range from 4.07-4.89.
Although it is close to highest level of performance, the lowest scores was found with 4.07 rate
with identify, formulate and solve engineering problems, and it is due to a low score in one of the
courses, ABE 426, and majority of the students did not chose to do the homework which was used
for assessing this particular outcome.
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Table 4-13. Summary of student learning outcomes assessed in elective ABE courses.

Assessed in
Elective ABE Courses

BE Learning Outcomes 2015-2016

a Ca.n a.pply mathematics, science and engineering 4.16 426, 455, 456, 458, 459, 483
principles to solve problems

Can design and conduct experiments and analyze

b . 4.62 426, 479
and interpret data

c Can de5|g'n a system, c'on)poner)t 'or proces§ to 4.58 426, 456, 458, 459, 479
meet desired needs within realistic constraints

d Can function on multidisciplinary teams 4.84 452, 479

e Can identify, formulate and solve engineering 4.07 426, 455, 456, 458, 459, 483
problems

f Has an understanding of professional and ethical 4.53 452

responsibility
g Can communicate effectively 4.55 452
Has the broad education necessary to

understand the impact of engineering solutions

h . . . . 4.89 452
in global, economic, environmental and societal
context
i Bec?ognlze the n'eed for and the ability to engage 4.38 452
in lifelong learning.
i !-Ias a knowledge of relevant contemporary 4.29 452, 481b, 486
issues
Can use the techniques, skills, and modern
k engineering tools necessary for engineering 4.27 426, 456, 458, 479, 483

practices.

Scores: 5 = highest level of performance, 3 = adequate level of performance, 1 = poor level of performance

The ABE Department maintains a well-established process for continual review of program
objectives, program outcomes, student performance, and satisfaction by alumni. While the overall
evaluations have been highly supportive of our program, individual areas have been identified as
needing some improvement. These have been addressed within out continuous improvement
process and the impact of these changes assessed. We will continue to maintain these procedures
to ensure that the Biosystems Engineering program meets the needs of our constituents.

B. Continuous Improvement

Previous sections discussed the data bases, documentation and processes used to assess success in
achieving the stated Biosystems Engineering student learning outcomes as well as to determine
the appropriateness of the program educational objectives for the BE program. It is imperative
that continuous improvement is closely related to having the right program educational objectives
and program outcomes as well as the level of achievement. It also relies upon looking at the
program broadly as a whole. Post course assessment of specific student learning outcomes
identified with each of the courses (see course mapping matrix in Appendix 11), design day
evaluation scores, fundamentals of engineering exam scores were the primary data used to assess
achievement of the student learning outcomes. The required Teachers Course Evaluations by the
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students has standard questions focused on students perception of what is working for the course
as a whole and what needs to change.

Senior exit survey by each of the graduates as well as alumni survey were used as fundamental
sources of information regarding the level of satisfaction on program curriculum components as
well as the broader issues. Both of these stakeholder surveys include qualitative questions on
program’s strength, weaknesses and suggestions for improvements. Other valuable qualitative
inputs are also gathered from the Industrial Advisory Council which met every year.

Some of these changes made in the program and courses were summarized in the previous section.
In general, in most cases, the assessment and evaluation of the program outcomes did not show a
pressing need for change. Since the last ABET review of the BE program and as a result of the
periodic assessment process a number of changes to the curriculum have been instituted. Some of
these changes were made at the College of Engineering level due to the College instituting a
common curriculum for all freshmen engineering students. Other changes were program specific
and were put in place to provide a more standard series of foundation courses. In addition to
changes in the major requirements, we have modified the minor requirements to bring them more
in line with minor requirements of other engineering programs at the University of Arizona.

Specific changes to the curriculum since 2009 review
e ABE 205 (Engineering Analytic Computer Skills) is now a more formal class which is taken
in the spring of sophomore year. This class covers Excel, Visual Basic, Access, and Matlab
with an emphasis on flow charts, graphing, regression analysis, if-then, do loop, statistics,
functions, and subroutines. Applications include biological energy, growth, and CO2 models.

e Requirement of taking AME 250 (dynamics) has been removed from the curriculum because
of the limitation of upper division units to graduate. This change was done with the approval
of the Industrial Advisory Committee. Students minoring in Mechanical Engineering still take
this course. We saw a slight, 10% drop in FE exam questions relating to dynamics and found
this to be acceptable.

e ABE 484 (Transport Phenomena Applied to Biological Systems) is no longer being offered.
Students are now required to take an ABE 400-level elective (based on faculty academic
advisors’ approval), or AME 431 (Numerical Methods in Fluid Mechanics), or AME 432 (Heat
Transfer).

e ABE 201 (Intro. to Biosystems Engineering) used to include time to introduce the sophomores
to the fabrication shop. We found this to be ineffective as the majority of the students had time
constraints on when they could be at the shop. We also identified the need to boost the
student’s knowledge of micro-computing such as with low cost do-it-yourself (DY) based
Arduino and Raspberry Pl micro-computers. In 2015, we substituted the shop time for a lecture
and 2 labs using Arduino micro-computers. We also introduced an experimental 1 unit shop
fabrication course. We found that the micro-computing curriculum was well received. Thus,
we have decided to expand it in 2016.
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e ABE 479 (Applied Instrumentation in Controlled Environment Agriculture), which used to be
only graduate level course, but due to interest and suggestion from the previous ABET/APR
reports for adding more hands-on, design related components to BE courses, ABE 579 has
been offered both as undergraduate and graduate level course since 2009.

e ABE 423 (Biosystems Analysis and Design) that emphasizes modeling of biological systems
was transformed to fit the needs of the biosystems engineering students and included different
programming components.

e Several new courses were added to the program ABE 482 (Integrated Engineered Solutions
in the Food-Water-Energy Nexus), ABE 487 (Metagenomics: From Genes to Ecosystems) as
a result of identifying the need for some of the topics that were not covered in the other courses
and with new faculty hires who are able to introduce additional topics to the existing ones.

As part of the long-range strategic planning to the program improvement, there were a number of
new hires since the last ABET review including Dr. Peter Livingston Associate Professor of
Practice (in the water area) and Dr. Bonnie Hurwitz (Bioinformatics). These new hires were made
both because they fit the strategic plan for the program but also in some cases because the college
or university identified these areas as critical to the University and have subsidized the hires.

C. Additional Information

On average, our students find jobs or go to graduate school within six months of graduating, and
often graduate with a job in hand. Table 4-14 shows where our undergraduates are getting jobs.

Table 4-14. A selection of companies where our graduates with BS degrees get employment
[2008-2016 graduates].

# of # of

Company students Company students
Alvarez & Marsal 1 Phoenix Manufacturing, Inc. 1
CH2M (Hill) 3 Sarver Health Center/UMC 1
Cognizant 2 Solon Energy GmBH 1
CR Bard 1 SpaceX 1
Epic Systems 1 Stantec 1
George Cairo Engrg 1 The Forages 1
Hercules Offshore 1 USDA-NRCS 1
Intel Corporation 1 Vante 1
John Deere 1 Ventana-Roche 3
Kimley-Horn 1 Vidler Water Company 1
Monsanto 1 Graduate programs/Universities 7
NextMed 1 Zilkha Biomass Enrgy LLC 1
NuVasive 1

Copies of the assessment instruments or materials referenced in 4.A. and 4.B will be available
for review at the time of the visit. These will include samples of instruments used for course
assessments via course portfolios, Industry Advisory Council meeting minutes, and those
meeting minutes where the recommendations were made for actions to make changes in the
program.
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CRITERION 5. CURRICULUM

A. Program Curriculum

The University of Arizona is on the semester system. The curriculum for ABE is presented in
Table 5-1.

The first_year of the curriculum is generally preparatory in nature and is common for all
engineering majors. The freshman year curriculum includes basic math (calculus 1 and 2), science
(chemistry and physics), communication (English composition), and general education courses.
Additionally, Introduction to Engineering (ENGR 102) includes several small design projects,
which introduce students to the engineering approach, design concepts, computer skills, and
teamwork.

During their second vear, students continue with math (vector and differential equations) and
science (physics — electricity and magnetism) topics and begin a sequence of basic engineering
sciences taught in ABE and in other engineering programs including Civil Engineering (CE) and
Aerospace and Mechanical Engineering (AME). In this second year, students also complete eight
credits of biological electives unique to the BE major which include two laboratory sections (1
credit each). ABE 201, Introduction to Biosystems Engineering is specifically aimed at
introducing biosystems engineering with emphasis on biological laboratory skills and basic
fabrication, foundations of modeling biological processes, team work and professional skills, and
the societal and global context in which the profession is practiced. Students also take ABE 284
(Biosystems Thermal Engineering) which covers introduction to thermodynamics and heat
transfer. In the second semester sophomore year, students take ABE 205 (Engineering Analytic
Computer Skills) which provides a computational background using Excel, Visual Basic in Excel
(VBA), Access, and Matlab to solve engineering problems often using differential equations.

The third year of the curriculum continues to prepare students for major design experiences
through courses like Computer Aided Design (ABE 221), Fluid Mechanics (CE 218 or AME 331),
Engineering Management (SIE 265), and Probability and Statistics (SIE 305). During the Junior
year, they also begin the upper division courses in the major which provides them additional tools
for analysis and design (ABE 423 Biosystems Analysis and Design, ABE 447 Sensors and
Controls, AME 431 Numerical Methods in Fluid Mechanics and Heat Transfer or AME 432 Heat
Transfer, or an ABE 4XX elective) and lets them begin to focus on an area of concentration through
technical electives. They continue with coursework under the University general education
requirements that also contributes to their understanding of contemporary issues, communications,
and the impact of engineering solutions in a global/societal context.

During the fourth and final year of the curriculum, the students enroll in a two-semester senior
design sequence of courses that culminates in a capstone design, typically in the final semester
(ABE 498b Biosystems Engineering Design 2). During the first semester of the capstone sequence
(ABE 498a Biosystems Engineering Design 1), students are assigned one “mini-design project”
which normally requires eight weeks to complete. These projects provide a means to extend the
student’s understanding of the design process through a practical and unique project. Teams of 3-
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5 students undertake each of these design projects. Over approximately the final month of the fall
semester, students are assigned and begin to develop their full senior design project which is
completed in the second semester. In this way, students have an opportunity to apply the skills
learned in their mini-project to a challenge of greater scope and requiring a comprehensive design
of a system or a product. When possible and appropriate, these projects are provided by industry
or clients outside of the university such as a consulting firms, water users association, a
biotechnology company, a farmer’s organization, etc. ldeally, the students undertake a design for
an actual client. These projects include aspects of health and safety, economics, manufacturability,
environmental, sustainability, ethical, social, and political aspects, as they are applicable in each
specific case. During the first semester of the final year, students also take ABE 496a, Seminar in
Engineering Careers and Professionalism. This course focuses on continuing education, ethics, and
engineering. Another course ABE 452 also covers the topics on ethics and evaluates student
learning performance.

As seniors, the students complete the remaining required upper-division courses in the major
including those focused towards analysis and design of biological and water resources engineering.
Typically itis in this last year that students take most of the design oriented electives (ABE courses
which allow the students to focus in bioprocesses and public health topics, controlled environment
agriculture, water resources, bioinformatics, and cross-application areas). The design oriented
electives include nine units of advanced engineering topics. Students also must complete nine units
of technical electives which may include more engineering course work or topics from the sciences
(chemistry, biological and life sciences, optics, environmental sciences, etc.). Students do take
some of these elective courses in their third year of study.

Students then complete the remaining technical electives to provide a greater focus in one of the
major areas of interest in biological or water resources engineering. If a student wishes to achieve
additional depth and skills in machine systems, they may take some technical electives in
Aerospace and Mechanical Engineering. For additional depth in the sensors and controls area in
addition to those covered in core course ABE 447 and elective course ABE 479, other technical
electives may be taken in Aerospace and Mechanical Engineering or Electrical and Computer
Engineering. Additional soil and water resource expertise is obtained through Civil Engineering;
Hydrology and Water Resources; Watershed Management; or Soil, Water, and Environmental
Sciences. Students who wish to focus in Biomedical Engineering or Pre-Health may take some of
their technical electives in Biomedical Engineering, Physiology, or Molecular and Cellular
Biology. Whatever the focus, the technical electives must include a minimum of five units of
engineering topics to meet the ABET Basic Level Requirements.

The Biosystems Engineering (BE) pre-health track has been developed to prepare students for
entry into medical schools. Completion of the BE pre-health track not only provides students with
the necessary biological basics, but also helps them develop excellent problem solving skills.
Students completing their study in the BE pre-health track satisfy all of the requirements for
acceptance into medical school at the University of Arizona and for the majority of medical schools
in the United States. The pre-health track required students to take also courses in Organic
Chemistry (CHEM 241B and 243B), Cell and Tissue Engineering (ABE 481b) in their third and
fourth years.
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Table 5-1. Biosystems engineering curriculum.

Course Req Subject Area (Credit Hours) Last two Max Section
Department, Number, Title Or Math Eng Gen Other terms Enrollment

Elect & basic Topics Ed offered

Science Design*

FIRST SEMESTER
Math 125 Calc | R 3 F15/S16 40
Chem 151 (with Lab) R 4 F15/S16 250/25
Engl 101 R 3 F15/S16 25
Engr 102, Intro to Engineering R 3* F15/S16 45
Tier | Gen Ed SE 3 F15/S16 500/50
SECOND SEMESTER
Math 129 Calc Il R 3 F15/S16 35
Chem 152 (with Lab) R 3 F15/S16 250/25
Phys 141 (with lab) R 4 F15/S16 | 250/25
Engl 102 R 3 