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ABSTRACT
With an increasing shortage in qualified engineering graduates, public agencies, private
corporations, and universities are teaming to develop hiring/recruiting relationships and enhance
graduate opportunities. This paper/presentation explores implementation of co-op or internship
programs and the benefits of these programs for both employers and graduates.
Aspects of programs summarized below include: (1) length of employment period(s), (2) types
of assignments given to junior and senior level students, (3) benefits provided during intern
periods, (4) historical data regarding hiring upon graduation, including likelihood of being hired
longer term by co-op employer and (5) entry level salaries for students with internship
experience as compared to graduates without work experience.
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INTRODUCTION
Employers in both the public and private sector businesses are experiencing increasing
difficulties finding qualified entry-level candidates in the environmental engineering field.
Studies and reports show that by the year 2020, the United States will produce only 60% of the
engineering graduates needed to maintain current business and technology needs, raising the
question of how agencies and firms will find and retain staff needed to complete critical projects
and programs. The following case studies describe how a public agency, a private consulting
engineering firm, and a California University are using internship, or cooperative education,
programs to develop lasting relationships with high potential engineering graduates.
US Trends in Production of Engineering Graduate Numbers
Recently, the councils of the National Academy of Sciences, National Academy of Engineering
and Institute of Medicine convened to discuss the challenges facing the nation in science and
technology, specifically in institutions of higher education. The following excerpts are from their
collaborative report Rising Above the Gathering Storm (2006, 543 pages):
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•

“Although the US economy is doing well today, current trends in each of those criteria
indicate that the United States may not fare as well in the future without government
intervention. This nation must prepare with great urgency to preserve its strategic and
economic security. Because other nations have, and probably will continue to have, the
competitive advantage of a low wage structure, the United States must compete by
optimizing its knowledge-based resources, particularly in science and technology, and by
sustaining the most fertile environment for new and revitalized industries and the wellpaying jobs they bring. We have already seen that capital, factories, and laboratories
readily move wherever they are thought to have the greatest promise of return to
investors” (p.21).

•

“A recent McKinsey and Company study reported that the supply of young professionals
(university graduates with up to 7 years of experience) in low-wage countries vastly
outstrips the supply in high-wage countries. There were 33 million people in that
category in 28 low-wage countries, and 15 million in 8 high-wage countries, including
7.7 million in the United States. With opportunities to study or work abroad or to work at
home for a multinational corporation, workers in low-wage countries increasingly will be
in direct competition with workers from developed nations” (p.97).

•

“The United States ranks 16 of 17 nations in the proportion of 24-year-olds who earn
degrees in natural science or engineering as opposed to other majors and 20 of 24 nations
when looking at all 24 year olds. About 30% of students entering college in the United
States (more than 95% of them US citizens or permanent residents) intend to major in
science or engineering. That proportion has remained fairly constant over the past 20
years. However, undergraduate programs in those disciplines report the lowest retention
rates among all academic disciplines, and very few students transfer into these fields from
others. Throughout the 1990s, fewer than half of undergraduate students who entered
college intending to earn a science or engineering major completed a degree in one of
those subjects. Undergraduates who opt out of those programs by switching majors are
often among the most highly qualified college entrants, and they are disproportionately
women and students of color. The implication is that potential science or engineering
majors become discouraged well before they can join the workforce.” (p.107).

• About one-third of US students intending to major in engineering switch majors before
graduating (Boylan, 2004).

PRIVATE CONSULTING FIRM
Co-op Student Hiring History
With LEE & RO and with a previous employer, Christine Lindow has been directly involved
with recruiting and hiring more than 60 co-op students over a 15 year period. The students have
majored in civil, mechanical, electrical, and computer engineering, with the largest number of
students hired being in the civil/environmental discipline. Some aspects of hiring in the different
discipline areas are described below.
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Civil Engineering. Students studying Civil Engineering may already know that they
would like to specialize in environmental, structural, construction, traffic, or general civil
engineering. More often, they don’t really know which area or areas they will want to
concentrate in, particularly during their first co-op assignment (see below for the
structure of this particular University’s program). In the early 1990s, an employer was
able to interview a dozen or more students and was generally assured of finding a good
match. In the late 1990s and early 2000s, there was a marked decrease in available civil
engineering students, though the percentage of those interested in environmental
engineering appears to have increased in recent years.

•

Mechanical Engineering. It is important for Mechanical Engineering students to
understand that, by working for a consulting environmental engineering firm, they will be
designing systems as opposed to designing system components. The most common
applications of mechanical engineering in our business are pumping and HVAC systems
design. If a student does not have their heart set on doing solids modeling or component
design, then wastewater and water treatment systems design can be a rewarding and
challenging opportunity for them.

•

Electrical and Computer Engineering. With the heavy influence of nearby Silicon
Valley, it is difficult to find Electrical Engineering majors with an interest in power and
distribution design. Many local schools have such a heavy focus on the electronics
aspects of electrical engineering, that some students graduate without ever having taken a
power distribution course. Working a co-op assignment with an environmental consulting
firm or public agency can provide these students with enough understanding of the
different types of electrical work that they may decide that power systems design is a
good career match for them.

LEE & RO Student Programs
LEE & RO, Inc. has a continuing cooperative education, or co-op, relationship with the
University of the Pacific (UOP), and has also employed students from Sacramento State
University and California Polytechnic Institute at Pomona. A steady stream of students from
UOP have joined the firm for five and seven month periods, and students have been assigned to
the Sacramento, Walnut Creek, and City of Industry offices.
Work Assignments
Student assignments vary depending on the candidate’s academic preparation and technical
discipline. In general, students may:
•
•
•
•
•
•

Prepare AutoCAD or MicroStation drawings,
Collect field samples for wastewater or water resources work,
Assist with preparing preliminary and final design tasks,
Carry out simple to complex computer modeling assignments,
Provide on-site field inspection and logging services, and
Help out around the office in whatever capacity is needed.
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LEE & RO’s experience is that co-op students bring a high level of energy and enthusiasm to the
work place, asking astute and thought-provoking questions, while contributing to clients’
projects and other support needs.
Longer Term
One of the greatest benefits of student intern programs is that students not only can find good
career matches with minimal risk, but they may also determine that the work they thought they
wanted to do is not, in fact, what they expected. This is a form of “failing faster”, a technique
used to accelerate success. It is much simpler to finish a co-op assignment and return to school
having completed a productive learning cycle, than it is to face disappointments and career
setbacks potentially associated with making a first-job choice that doesn’t match up well with a
graduate’s longer term goals.
When a student returns to school, they complete a report describing the tasks they were involved
with and the work environment. These reports can be anonymous if provided to the employers,
or they may be kept confidential upon request, and they give prospective students reasonably
detailed descriptions of work they might be doing. The recorded information helps match up
future student candidates with co-op assignments, as well as providing a tool for the student
recently returned to school to reflect upon lessons learns during recent work assignments.
To date, 40% of the students who have been hired for LEE & RO co-op assignments have been
offered employment upon graduation, and nearly 50% of the Senior (5th year) students employed
by this author since 1994 have had offers extended upon graduation. Hiring in this manner
allows the graduates and the employers the opportunity to make sure that there is a good match
between career expectations and employer needs and requirements. We find that entry level
engineers who know what to expect from their first professional employment positions are also
more likely to stay with a company longer than graduates who are less familiar with their work
environments.
Salary Structure
The following table presents salary averages for private sector co-op or intern positions based on
a sampling of environmental consulting firms, as well as entry level data provided through
salary.com survey information. These numbers are based on the Greater San Francisco Bay Area
and may vary geographically due to cost of living and local industry influences.

Co-op Students or Interns
Entry Level Bachelors Graduates
Entry Level Co-op Bachelors Graduates

Salary in $000 per year
Civil
Electrical Mechanical
39.5
41.6
41.6
58.7
63.5
64.9
63.5
68.5
70.8
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Retention Issues
While salary appears to play a relatively important role in initial recruitment of college
graduates, many other factors become critical to retaining these key new hires. Formal and
informal surveys indicate that while salary can be a strong disincentive, i.e. a perceived low
salary can make an employee very unhappy, while an unusually high salary will likely not
compensate for other undesirable factors in the workplace. Following is a listing of areas
identified as being of high importance to staff with 0-5 years of experience, all ranking above
base salary, provided that salary is within a perceived acceptable range.
•
•
•
•
•

Variety and quality of project assignments
Personal mentoring relationships
Workplace atmosphere such as peer group and physical amenities
Social contribution of work being performed (local, world, environmental)
Flexible work hours

PUBLIC AGENCY
The East Bay Municipal Utility District’s (EBMUD) design division utilizes positions titled
Engineering Aides to hire interns from universities throughout Northern California. By rule,
students may work full time for as long as six months or part time throughout the year,
depending on their schedules and availability. Interns are typically immersed in one or two
specific tasks or projects, and they usually become very productive within a short period of time.
EBMUD’s experience with its interns has been very positive and the process has successfully
served as a feeder system for numerous entry level engineering positions.
EBMUD differs from the private sector in that even though an intern may perform very well,
EBMUD may not be able to offer a permanent position to that intern. Staffing levels are set and
approved during a rigorous bi-annual budgeting process, so it is nearly impossible to create a
new position for a high performing intern. Luck and turnover rates of current employees play an
important role in whether or not a student is offered a position after a successful internship is
concluded.
Student Hiring History
David Pratt has been directly involved with recruiting and hiring more than 20 interns over a 10
year period. EBMUD has focused primarily on students majoring in mechanical and electrical
engineering, usually in their last year of undergraduate studies.
•

Mechanical Engineering. EBMUD has hired several mechanical engineering interns
over the past decade, but only one has become a full time EBMUD employee. Several
interns were forced to accept offers elsewhere because EBMUD did not have a vacant
position available for them when their internship concluded.
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•

Electrical Engineering. This is EBMUD’s most successful area of internships because
it offers experience in power and systems controls to the intern. EBMUD’s experience,
as also noted by Private Industry, is that students seem to be steered in college toward
control systems or computer related specialties, and not towards power systems
engineering. EBMUD’s ability to offer real world training and experience in both power
and control systems engineering is a huge attraction to electrical engineering interns.
And, because EBMUD’s electrical engineering work unit is much larger than its
mechanical engineering work unit, vacant positions are much more likely to be available
once a student completes an internship.

EBMUD Student Programs
EBMUD does not have a formal internship program with any specific university. Its focus has
been on maintaining a feeder system that prepares a student for an entry level position should
one become vacant. Historically, EBMUD has not had difficulty filling its internship positions.
The salaries the District can offer to interns are competitive and the work experiences it can offer
are outstanding in variety and depth. Typically, the District only needs to post a vacant position
with several university career placement centers and numerous well-qualified applicants will
inquire. EBMUD has enjoyed a steady stream of students from Stanford University, University
of California Davis, University of California Berkeley, San Francisco State, Sacramento State
University, Santa Clara University, and San Jose State University.
Work Assignments
Student assignments vary, depending on the candidate’s academic preparation and technical
discipline. In general, mechanical engineering students may:
•
•
•
•
•
•

Assist with piping changes to existing systems
Perform phone surveys in support of studies
Assist with site field measurements needed for designs
Perform computer modeling assignments (usually hydraulics)
Develop websites
Help out with general office work

And, electrical engineering students may:
•
•
•
•
•
•

Assist with programmable logic controller (PLC) programming
Develop screens for human-machine interfaces
Assist in preparing designs for power distribution, lighting, motor control, process
control, telemetry, etc.
Develop designs to solve simple problems
Assist in preparing technical specifications
Perform and record field tests and measurements

Similar to the private sector history described above, EBMUD’s experience is that students bring
a high level of energy and enthusiasm to the work place, while making positive contributions to
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projects. EBMUD has not evaluated how long or how much money it costs to turn a student into
a productive intern. Anecdotally, it usually takes only a few weeks before an intern is sought
after by more experienced engineers to help them on their projects. First, interns are a source of
inexpensive labor and are willing to perform the more mundane tasks on a project. Second, most
experienced engineers seem to enjoy teaching interns the practical, real world, aspects of
engineering.
Longer Term
EBMUD has experienced positive results with its informal internship efforts even though it may
have difficulty offering a position to an outstanding student as the internship is concluded. Of
the approximate 20 internship students that the Engineering Division has utilized over the past 10
years, six former interns are currently full time employees. More than half of EBMUD’s entry
level engineers come from its informal internship program. There are approximately 50
engineers in EBMUD’s design division, so a significant percentage of its engineers were interns
before they became full time employees at this agency.
Salary Structure
The following table presents salary averages for EBMUD’s intern positions, as well as entry
level salaries.

Co-op Students or Interns
Entry Level Bachelors Graduates
Entry Level Co-op Bachelors Graduates

Salary in $000 per year
Civil
Electrical Mechanical
44
44
44
70
70
70
70
70
70

Retention Issues
EBMUD’s experience has been that salary plays an important role in the initial screening process
for a student choosing an internship or an initial job assignment. Following the initial process,
many other factors become critical to attracting and retaining young engineers. After ensuring
that the salary offer is near the market rate, young engineers in the public sector also seem to
value things such as:
•
•
•
•
•

Variety and quality of project assignments (mentioned often),
Personal mentoring relationships (mentioned often),
Workplace atmosphere such as peer group and physical amenities,
Social contribution of work being performed (local, world, environmental), and
Flexible work hours
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UNIVERSITY
Co-op Program History
University of the Pacific has had a mandatory Cooperative Education Program since 1970, with
less formalized internships dating back into the 1960s. Through the school’s structured
framework, students are required to complete 12 months of professional practice units as a
condition of earning their Bachelor’s degree. This requirement is usually met by completing a
five month, January through May, work assignment during the fourth year of the five year
program, followed by a seven month, June through December, assignment. Placements are
facilitated by the University and, upon returning to school, students complete reports
summarizing their experiences. A typical five year student schedule is shown below.

EIF Program History
In the early 2000s, University of the Pacific instituted a new program to attract top students and
employers to the growing campus. The Engineering Industry Fellowship (EIF) program involves
partnerships between the university, high potential students, and employers. Some basic concept
and roles of the program are described below.
Student
Responsibilities
• Maintain long-term
academic achievement
• Perform at a level
satisfactory to
sponsoring employer
• Commit to a goodfaith five-year employment agreement with
their company

Employer/Sponsor
Responsibilities
• Provide an industry
mentor to sponsored
students
• Pay annual University
registration fee for
program funding
• Provide paid work
experience, including
free summers and two
co-op periods

University
Responsibilities
• Recruit top students: focus on
academics, communication skills,
and ties to the local community
• Provide employers with on-campus
interview slots in the prime first
week of co-op interviews.
• Host a recognition luncheon promoting open dialog between the Dean,
faculty, sponsored students and their
parents, and industry sponsors
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Companies or Agencies benefit through the EIF Program in the following ways:
• Expanded visibility and name recognition on campus
• Savings of the typical $30,000 to $50,000 in costs associated with recruiting employees
• Targeting of unique employee profiles including diversity candidates or students with
specialized skill sets
• Grooming future employees, encouraging electives selection and extra-curricular
activities that align with a corporations goals and values
• Hiring top graduates who are known performers
• Developing a working relationship with a reputable institution of higher learning
What Does the Co-op Program Bring to UOP?
Each entering class is surveyed regarding their top reasons for attending Pacific, with the Co-op
Program ranked among the top to reasons for attending University of the Pacific. When asked to
rank importance of the Co-op Program in their decision to attend Pacific, with 1 = not important
to 5 = very important, approximately 75% and 80% of entering fall freshman ranked this
program as important or very important, with a score of either 4 or 5.
Do Graduates Start Post-Graduate Careers Working for Their Co-op or EIF Employers?
Of the 2007 graduates responding to a survey, 31% had accepted or planned to accept a position
with one of their co-op or EIF employers. 78% of graduates polled, including the group above,
said that they might accept positions with the co-op employers if offered. The following
additional data comes from a survey taken annually of graduating seniors, one week prior to
graduation from Pacific.
Question
Could accept a
permanent offer
from a previous
Co-op employer
Will accept a
permanent offer
from a previous
Co-op employer

Response

Class of ‘05

Class of ‘06

Class of ‘07

3-Year
Average

YES
NO
Don’t Know

#
55
15
1

%
77%
21%
1%

#
37
14
0

%
73%
27%
0%

#
42
5
18

%
78%
9%
33%

%
76%
19%
11%

YES
NO
Don’t Know

10
20
25

18%
36%
45%

9
18
29

18%
26%
57%

17
14
19

31%
26%
35%

22%
29%
46%

Does Co-op Experience Affect Starting Salaries for Recent Graduates?
The following data comes from a survey taken of graduating seniors one week prior to
graduation from Pacific (May 2007) and is a limited sampling of graduates. As employers, most
consulting firms are willing to pay noticeably higher salaries for new graduates demonstrating
experience directly relating to the engineering work they will be doing for that employer.
National average starting salary data is from the Spring 2007 National Association of Colleges
and Employers Salary Survey:
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Employment Upon Graduation

Civil
Engr

Comp
Engr

Elec
Engr

Engr
Mgmt

Mech
Engr

Comp
Sci

Average Graduate Starting Salary

57,058

75,000

53,000

51,000

63,000

66,500

$K Range

53 - 60

75

48 -58

45 - 59

63

65 - 68

2007 National Ave

47,750

55,946

54,915

54,911

54,695

52,177

9,308

19,054

(1,915)

(3,911)

8,305

14,323

∆ Pacific: National Average Salary

Is It Difficult to Find Employers to Participate in a Mandatory Co-op Program?
Pacific has over 900 active employer contacts in its database system, in comparison to
approximately 125 students on co-op at any given time. Thus, the School currently has more
employers seeking co-op students than the School has students available. This is due to several
factors:
•

Despite the small turnover of co-op employers year-to-year, most often due to financial
hiring restrictions, the net number of employers interested in hiring a co-op student has
increased dramatically in recent years.

•

Employer demand for co-op students tends to follow trends in the industry and US
economy. For example, in recent years, the number of employers interested in hiring
civil, mechanical and engineering management students has increased significantly.
Conversely, the number of computer science, computer engineering, and electrical
engineering employers has decreased.

University of the Pacific : Additional Information
Science and technology embodied in engineering and computer science are the core components
that have, during the last half century, accounted for more than 50 percent of the growth in
economic productivity in the U.S. and for much of the quality of life we enjoy. Since
Engineering and Computer Science contribute significantly to economic growth and high-paying
jobs, the Pacific School of Engineering and Computer Science, established in 1924, is an asset to
the region and the state.
The School of Engineering and Computer Science acts as a partner in conducting beta-site
testing and benchmarking for a variety of companies and agencies. Recent tangible examples
include projects covering disciplines such as water quality, sustainable development, artificial
vision, material sciences, network security, and knowledge-based systems. Current external
research funding exceeds $6 million.
The School currently maintains 28 teaching and research laboratories. The planned 22,000
square foot John T. Chambers Technology Center will provide cutting-edge technology facilities
for superior teaching, learning, and research and will serve as a catalyst for the advancement of
regional, national, and international technology collaboration and economic development.
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CONCLUSIONS AND RECOMMENDATIONS
While the co-operative education and internship programs described above have shown some
success in developing and recruiting new engineering talent, the shrinking graduate pool –
particularly in civil and environmental engineering – will continue to present challenges to
growing companies and agencies. Recommendations and possible solutions are presented below.
Longer Term Broad Recommendations
Participate in Outreach Programs at the Middle School and High School levels, potentially
increasing the number of students entering engineering programs. Most Middle Schools in the
area sponsor Career Week or Career Night activities. Draft materials that could be used for
school outreach efforts are available through this paper’s authors upon request.
Help with University Enrollment Retention so that the number of students entering
engineering curriculums produces a higher percentage of graduating engineers. This assistance
could be provided by becoming involved in local community college or four year college
programs in either an advisory capacity or by talking with students. Students who have a solid
understanding of their career path upon graduation are more likely to continue as engineering
majors than students who are unsure of their futures.
Shorter Term Specific Recommendations
Mentor Students and New Graduates. In formal and informal surveys, lack of mentoring
appears repeatedly as one of the top reasons why new engineers change jobs. New hires are
almost demanding personal attention. Find ways to be a mentor, supporter, and friend to the
young engineers in your organization and you will likely increase the retention rate among this
key group of future leaders. Also note that many senior engineers (Baby Boomers nearing
retirement) seem to enjoy the role of teacher/mentor; while they may not actively seek out this
type of relationship, companies and agencies can facilitate the interactions.
Know Market Salary Rates. First impressions are critical and a low offer can be an immediate
disincentive to entry level engineers. While candidates do not historically accept the highest
offers they receive, they do accept offers that are within maybe a 10% band of their peer group’s
starting salaries and, yes, they do discuss salaries amongst friends.
Ensure that Your Leaders Understands Generation Y. This very savvy generation has
significantly different goals and values than Baby Boomers, with many organization leaders
being trained during the Baby Boomer era. If you judge Generation Y engineers using Baby
Boomer values, you will miss out on some excellent potential candidates and could hinder your
firm or agency’s future opportunities for success.
Talk to Your Organization’s Engineers. Ask them why they came to work there and why they
will stay. There is really no better way to understand the work force than to communicate
regularly and openly and, while people will not always tell you everything that it would be
helpful to know, you will find out more by asking than by assuming.
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