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Introduction1

What are necessary critical-thinking skills for engineers and scientists to have 
in order to enter the workforce? What skills do they need in order to stay cur-
rent in a changing world throughout the course of a long career span? Educators,  
students, and employers alike may also ask how best to develop these skills. 
Certainly, in an era of prevalent electronic information, information overload, and 
tight academic and corporate budgets, those with the best-developed skills stand a 
much better chance of achieving lifelong career success. Educators seek to prepare 
students as thoroughly as possible for their careers, and employers seek to hire versa-
tile and competent employees. In the United States, despite pressures of marketplace 
economics, academics and employers have come together into partnerships to pro-
vide students with the foundation for robust careers in engineering and science.

This book begins with the foundational elements necessary for understanding the 
context of lifelong learning skills as a career strength, then moves through the meth-
ods instructors and librarians use to teach and to develop students’ lifelong-learning 
skills. Finally, we will examine the internship as a vital component to the develop-
ment of a scientist or engineer with a career path open to any future direction.

Setting the education baseline, we will discuss the definition of information 
literacy as it is commonly understood within the university setting. Of course, 
accrediting boards oversee universities and must ensure universities precisely meet 
particular academic standards involving information literacy and lifelong-learning 
skills. Fortunately this is a reciprocal arrangement, as information literacy stand-
ards are embraced by all involved, including those in the Association of College and 
Research Libraries (ACRL) and ABET, Inc., the accrediting body involved in certi-
fying the education of the newly minted engineer. All parties involved agree on the 
added value of lifelong-learning skills in the face of the information overload of the 
digital information age. Employers in engineering firms and scientific research cent-
ers are all equally desirous of seeing these skills developed during the educational 
phase of a science or engineering career. Creativity, awareness of context, and suc-
cessful communication patterns are all critical elements of the successful engineer 
and cannot be developed without information literacy and lifelong-learning skills.

With the aid of this book, the reader will be taken through the elements neces-
sary for creating the successful student learner. We will look at designing traditional 
information literacy assignments for college seniors involved in capstone courses, as 

http://dx.doi.org/10.1016/B978-0-12-385214-4.00001-5


Lifelong Learning for Engineers and Scientists in the Information Age2

well as assignments for freshmen design classes. Literature surveys and curriculum 
mapping techniques will be shown as tools useful in discovering and targeting the 
best courses in which to incorporate information literacy. In order to ensure in-class 
efforts are successful, assessment tools in the context of an engineering curriculum 
will be discussed, including the four most powerful and popular methods used for 
honing and strengthening information literacy instruction.

The third element needed to create the truly information-literate scientist or engi-
neer is the internship. This is the critical “in context” component for creating the 
lifelong learner. It brings to students a startling clarity of vision of their places in 
the information stream and with employers as they begin their careers. By look-
ing at the history and philosophy of internships and of cooperative education, the 
reader will come to understand when and how to bridge the gap between academics 
and practice. In this context, we will present the learning contract. This is the for-
mal assignment that binds the student, employer, and academic advisor to the stand-
ards and principles of the marketplace, the educational environment, and the formal 
accrediting bodies. We will provide examples of how to develop learning contracts 
and objectives, as well as how to assess competency methods and evaluate internship 
programs as a whole.

This work is intended as a guide for educators and employers—and even for stu-
dents looking for a better understanding of their educational and professional future 
direction. Career-seeking skills are just as important in the educational process as 
are information-seeking skills. Fortunately for engineers and scientists, their profes-
sional support structure is fully embedded in this model.
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Definitions of Lifelong Learning 
and How They Relate to the 
Engineering Profession

2

The Oxford English Dictionary (OED) defines lifelong learning thus:

lifelong learning n. a form of or approach to education which promotes the con-
tinuation of learning throughout adult life, esp. by making educational material and 
instruction available through libraries, colleges, or information technology.

OED Online (Oxford University Press)

The OED definition provides a good general starting point that lifelong learning is 
primarily conducted through educational institutions. In fact, the idea or concept of 
“lifelong learning” can be traced back to the ancient Greeks. At a presentation to 
Leningrad University, Bosco (2007) traces the classical roots of the term:

Although lifelong learning has become a particularly popular concept in the last 
several years, it is as old as human history. Lifelong learning was embodied in the 
works of the ancient Greeks. Plato and Aristotle described a process of learning for 
philosophers which extended over a lifetime. The Greek idea of a “paideia” com-
prised the development of a set of dispositions and capabilities which enabled and 
motivated the individual to continuous scholarship. Within the context of the Greek 
philosophers, lifelong learning was reserved for the elite social class and it was not 
associated with occupation or “making a living” but with the engagement in philo-
sophic speculative inquiry.

Bosco makes an important observation that whether we consciously recognize it or 
not, all of us are engaged constantly in the acquisition of information and skills as a 
natural process.

The definition of the term in Wikipedia provides us with more detail and distin-
guishes between formal and informal ways of learning and other characteristics of 
lifelong learning:

Lifelong learning is the continuous building of skills and knowledge throughout 
the life of an individual. It occurs through experiences encountered in the course 
of a lifetime. These experiences could be formal (training, counseling, tutoring, 
mentorship, apprenticeship, higher education, etc.) or informal (experiences, situ-
ations, etc.). Lifelong learning, also known as LLL, is the “lifelong, voluntary, and 
self-motivated” pursuit of knowledge for either personal or professional reasons. 

http://dx.doi.org/10.1016/B978-0-12-385214-4.00002-7
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As such, it not only enhances social inclusion, active citizenship and personal devel-
opment, but also competitiveness and employability.

“Lifelong Learning,” Wikipedia, http://en.wikipedia.org/
wiki/Lifelong_learning, accessed September 17, 2011

So, the concept has been in existence for some time. In this chapter, we provide a 
broad overview of how various international organizations have defined lifelong 
learning. Research on this topic has accelerated during the past 15–20 years as edu-
cators and policy makers worldwide have approached the task with vigor to convert 
the concepts into programs. We offer a brief description of the major work in this 
area to illustrate the commonalities and differences in definitions to provide our 
book a frame of reference.

International Organizations

UNESCO (United Nations Educational, Scientific and Cultural Organization) was 
the first organization to popularize the term in the 1960s and 1970s as a way of con-
necting formal and informal education. UNESCO has produced two groundbreak-
ing reports on lifelong learning: the Faure Report (International Commission on 
the Development of Education & Faure, 1972) and the Delors Report (International 
Commission on Education for the Twenty-First Century, Delors, & UNESCO, 
1996, 1998), both articulating the fundamental principles of lifelong learning. One 
of the overarching aims of the “UNESCO Medium-Term Strategy 2008–2013,” 
http://unesdoc.unesco.org/images/0014/001499/149999e.pdf, accessed September 
17, 2011, for the Education Sector is “attaining quality education for all and life-
long learning.” Initially, the UNESCO approach to the subject was a humanistic 
one, focusing on the development of the individual with an emphasis on “learning 
to learn.” However, in the 1990s, UNESCO adapted its approach to lifelong learn-
ing to the needs of the “knowledge economy” and human capital development. 
Despite this, the organization avoided the purely economic arguments for lifelong 
learning, which is evident in its 1996 report on lifelong learning titled “Learning: 
The Treasure Within.” (International Commission on Education for the Twenty-first 
Century et al., 1998). This report defines lifelong learning as adaptation to changes 
in technology and as the continuous “process of forming whole human beings—
their knowledge and aptitudes, as well as the critical faculty and the ability to act.” 
UNESCO’s commitment to lifelong learning is evident from its establishment in 
2006 of the UNESCO Institute for Lifelong Learning (UIL) in Hamburg, Germany, 
in 2006 (http://www.uil.unesco.org/, retrieved September 17, 2011). This organi-
zation is the successor to the UNESCO Institute for Education (UIE), which was 
established 60 years ago. UIL’s goal is to further literacy as a foundation for lifelong 
learning.

The OECD (Organisation for Economic Co-operation and Development) is an 
international economic organization of 34 countries founded in 1961 to stimulate  
economic progress and world trade and is a forum for countries committed to 

http://en.wikipedia.org/wiki/Lifelong_learning
http://en.wikipedia.org/wiki/Lifelong_learning
http://unesdoc.unesco.org/images/0014/001499/149999e.pdf
http://www.uil.unesco.org/
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democracy and the market economy. It provides a platform for nations seeking 
answers to common problems by identifying good practices and coordinating the 
domestic and international policies of its members. In 1996, the OECD’s education 
ministers adopted a comprehensive view of lifelong learning that covers all pur-
poseful learning activity with the goal of “lifelong learning for all” that improves 
knowledge and competencies for all individuals who wish to participate in learning 
activities. The concept has four main features - the relevant points for our present 
project are summarized below:

l A systemic view. Viewing the demand for—and the supply of—learning opportunities as 
part of a connected system covering the whole life cycle and comprising all forms of for-
mal and informal learning.

l Centrality of the learner shifting the focus from the supply side to the demand side of 
meeting learner needs.

l Attention to learn is recognized as an essential foundation for learning that requires devel-
oping the capacity for “learning to learn” through self-paced and self-directed learning.

l Multiple objectives of education policy. The life cycle view recognizes the multiple goals 
of education, such as personal development; knowledge development; and economic, 
social, and cultural objectives.

“The OECD Policy Brief on Lifelong Learning” (2004), http://www.oecd.org/
dataoecd/17/11/29478789.pdf, accessed September 17, 2011, covers this topic in 
depth, including the following lengthy statement on the importance of lifelong learn-
ing. This statement has great relevance to the importance of and need for lifelong 
learning in the engineering profession:

A number of important socio-economic forces are pushing for the lifelong learning 
approach. The increased pace of globalisation and technological change, the chang-
ing nature of work and the labour market, and the ageing of populations are among 
the forces emphasizing the need for continuing upgrading of work and life skills 
throughout life. The demand is for a rising threshold of skills as well as for more fre-
quent changes in the nature of the skills required. Firms’ drive for greater flexibility 
has injected precariousness in jobs. There is a tendency towards shorter job tenures 
in the face of more volatile product markets and shorter product cycles. Career jobs 
are diminishing and individuals are now experiencing more frequent changes in jobs 
over the working life.

The European Commission issued “A Memorandum of Lifelong Learning” in 2000, 
in which it recognized that the transition to a knowledge economy requires a rethink-
ing of patterns of learning, living, and working in Europe. The definition of lifelong 
learning used in the Memorandum is: “all purposeful learning activity, undertaken on 
an ongoing basis with the aim of improving knowledge, skills, and competence and 
all learning activity undertaken throughout life, with the aim of improving knowl-
edge, skills and competences within a personal, civic, social and/or employment-
related perspective.” The memorandum launched a Europe-wide debate on strategies 
for implementing lifelong learning at individual and institutional levels, and in  
all spheres of public and private life (“A Memorandum of Lifelong Learning,”  

http://www.oecd.org/dataoecd/17/11/29478789.pdf
http://www.oecd.org/dataoecd/17/11/29478789.pdf
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http://www.bologna-berlin2003.de/pdf/MemorandumEng.pdf, accessed September 
17, 2011).

The key points of the document are the need to:

l Guarantee universal and continuing access to learning for gaining and renewing the skills 
needed for sustained participation in the knowledge society,

l Visibly raise levels of investment in human resources in order to place priority on Europe’s 
most important asset—its people,

l Develop effective teaching and learning methods and contexts for the continuum of life-
long and lifewide learning,

l Significantly improve the ways in which learning participation and outcomes are under-
stood and appreciated, particularly those in nonformal and informal learning,

l Ensure that everyone can easily access good quality information and advice about learning 
opportunities throughout Europe and throughout their lives, and

l Provide lifelong learning opportunities as close to learners as possible, in their own com-
munities and supported through Information and Communications Technology Network 
(ICT)-based facilities wherever appropriate.

ICT refers to the information and communications technology network.
Close on the heels of this memorandum, the European Commission issued a 

communication entitled “Making a European Area of Lifelong Learning a Reality,” 
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uriCELEX:52001DC0678:
EN:NOT, accessed September 17, 2011.

Using the memorandum and the communication as a springboard, the EC has 
established an extensive and impressive program in lifelong learning (“Lifelong 
Learning Programme,” http://ec.europa.eu/education/lifelong-learning-programme/
doc78_en.htm, accessed September 17, 2011).

 Naturally, national governments also have a vested interest in lifelong learning. 
It is interesting to compare the approach to lifelong learning of the United States 
with that of Japan. Young and Rosenberg (2006) conducted an excellent study com-
paring the approaches of the two countries. The paper examines the programs avail-
able to older adults in the United States and Japan and offers interesting insights for 
our present  project. The authors conclude that  there has been greater governmental 
acceptance of the concept in Japan whereas there has been minimal governmental  
intervention in the United States. In the United States the task has mostly been left to 
educational institutions to offer lifelong learning in the form of adult education.

In answer to the question “What is Lifelong Learning?” the Japanese Ministry of 
Education, Culture, Sports, Science, and Technology stated:

In order to create an enriching and dynamic society in the 21st century, it is vital to 
form a lifelong learning society in which people can freely choose learning opportu-
nities at any time during their lives and in which proper recognition is accorded to 
those learning achievements.

Lifelong learning comprises two main aspects: the concept to comprehensively 
review various systems including education, in order to create a lifelong learning 
society; and the concept of learning at all stages of life. In other words, the con-
cept of learning in the context of lifelong learning encompasses not only structured 
learning through school and social education but also learning through involvement 

http://www.bologna-berlin2003.de/pdf/MemorandumEng.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri&equals;CELEX:52001DC0678:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri&equals;CELEX:52001DC0678:EN:NOT
http://ec.europa.eu/education/lifelong-learning-programme/doc78_en.htm
http://ec.europa.eu/education/lifelong-learning-programme/doc78_en.htm
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in such areas as sports, cultural activities, hobbies, recreation and volunteer 
activities. The places for conducting learning activities are also diverse, including 
elementary and secondary schools, universities and other institutions of higher edu-
cation, citizens' public halls, libraries, museums, cultural facilities, sports facilities, 
lifelong learning program facilities in the private sector, companies, and offices.

The English translation is available at: “Lifelong Learning,” 
 http://www.qualityresearchinternational.com/glossary/

lifelonglearning.htm, accessed September 17, 2011

There are many common elements in these definitions recognizing the importance of 
the continuum of lifelong learning in a knowledge economy, through formal and infor-
mal channels, and through educational and vocational institutions and in the work-
place. The need for purposeful self-directed learning is seen as important in all stages 
of a citizen’s adult life to enhance the quality of one’s life and to improve his or her 
economic standing. Many of these definitions suggest that a nation’s most important 
asset is its people, and governments are urged to provide lifelong-learning opportuni-
ties through national programs for their citizens and to give them the ability to create 
their own personal pathways. In short, lifelong learning means engaging in formal and 
informal education on an ongoing basis, and ensuring that a person is equipped with 
the skills and abilities required to continue his or her own self-education beyond the 
end of formal schooling (Candy, 1991). Still more variants of lifelong learning include 
active learning, adult education, continuing education, and continuing professional 
development (or simply professional development).

Our book is solely concerned with lifelong learning as it relates to the education 
of engineering students in the United States and their subsequent performance in 
the workplace. The importance of the lifelong learning of engineers has firmly been 
established by its recognition as a program outcome in the launch of the 2000 ABET 
accreditation process with Criteria 3i stating that programs must demonstrate that 
their students attain “a recognition of the need for, and an ability to engage in life-
long learning.” The evolution of ABET to an outcomes-based accreditation process is 
covered in detail in Chapter 3.

Recognizing the importance and significance of this topic, the National Academy 
of Engineering has taken up the charge by undertaking a major project: “The Lifelong 
Learning Imperative.” The Lifelong Learning Imperative (LLI) project assesses current 
practices in lifelong learning for engineering professionals, reexamines the underlying 
assumptions, and outlines strategies for addressing unmet needs. A workshop was held 
in June 2009—“Lifelong Learning Project Agenda,” http://llproject.org/2009-work-
shop-agenda/agenda, accessed September 17, 2011—to frame the project and identify 
critical issues for structuring the education of engineering professionals in a twenty-
first-century knowledge economy. The LLI workshop initiated a national discussion 
on lifelong learning in the sciences and engineering and its necessity for sustaining a 
cutting-edge workforce in this knowledge age. A report of the findings of the work-
shop is published in the National Academies Press book entitled “Lifelong Learning 
Imperative in Engineering: Summary of a Workshop” edited by Dutta (2010). A free 
copy of the report is available at http://www.nap.edu/catalog.php?record_id12866.

http://www.qualityresearchinternational.com/glossary/lifelonglearning.htm
http://www.qualityresearchinternational.com/glossary/lifelonglearning.htm
http://www.nap.edu/catalog.php?record_id&equals;12866


Lifelong Learning for Engineers and Scientists in the Information Age8

Some of the major themes from the workshop are summarized as follows:

l In this age of rapid technological change and knowledge creation, an engineer must con-
tinue to learn throughout his or her career.

l Learning is a continual process throughout an engineer’s career.
l There is sometimes conflict between the goals of an engineer’s employer and the goals of 

his or her current continuing education providers.
l Information technologies will play a prominent role in future lifelong learning.
l A workplace appropriately structured and augmented by access to cyberinfrastructure can 

be a powerful way to achieve sustainable lifelong learning.
l The engineering professional is no longer competing solely in a domestic market, but 

rather in a global economy.
l Further, lifelong learning should be provided through a collaborative effort among indus-

try, academia, the government, and professional societies.

Many of these themes are also echoed in our book.
Given the half-life of a modern engineer’s skills, at a minimum he or she should 

develop a new set of skills every decade, if not every year or so. There are relatively 
few lifetime jobs left in engineering, and new engineers do not even expect they will 
stay with one company for 25 or 30 years. Staying current on technology trends, busi-
ness cycles, and inventions will demand an engineer stay up-to-date with his or her 
knowledge and skill set, enabling him or her to have the freedom and choice to move 
from job to job or from project to project, either locally or globally. Of course, this is 
not to forget that this global work environment is tied together by what is trending to 
be a global economy and a down-sized job market. Engineers working as contractors 
on a particular design task or programming job are not unusual. Short-term blocks of 
employment can often be desirable prospects to Millennials—also known as members 
of the Net Generation—a group linked by a revolution in communication technology 
and a desire to experience a variety of assignments in various locations, rather than 
striving for the constancy of being a company man who earns a gold watch at retire-
ment. Innovations in communication provide exciting opportunities for personalized 
education, streaming to a personal data device anywhere in the world. Lifelong learn-
ing can provide the edge an engineer needs to secure the next position or the next job.

Some corporations strongly support the concept of lifelong learning. Companies 
such as Microsoft, Motorola, and Raytheon have their own in-house courses of 
study leading to certificates of expertise in various areas and at different skill levels. 
Companies such as these have the size, budget, and manpower to divert their engi-
neers to lifelong learning at the expense of strict job performance and task comple-
tion. This type of lifelong learning opportunity often results in increased loyalty to 
the company, higher productivity, increased job satisfaction, and a rise in the quality 
of work. Mirroring this type of ideal lifelong learning environment is the less struc-
tured company, with a smaller organization, and fewer capital reserves. Companies 
such as these may not have the time, resources, or people to make any investment 
at all in education. They may concern themselves only with which employee was 
able to do a job on time and without running over budget. In either situation, it is the 
proactive lifelong learner who will have the knowledge base needed to secure the 
next position, the best jobs, and the greatest opportunities.
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Lifelong learning has its foundation during the formal education that engineers 
receive. Lifelong learning and internships go hand in hand in creating a well-rounded 
engineer. Not only should a graduate emerge from the academic setting with the 
competency to recognize a need for lifelong learning, but he or she should have the 
ability to actively pursue the acquisition of knowledge. There is a certain onus that 
must be placed upon the newly minted engineer, and that is to “stop thinking of edu-
cation as what they did for 4 years in college and come to see it as a lifetime project” 
(Smerdon, 1996). In order to keep their careers at pace with emerging technologies 
and current practices, lifelong learners should attend workshops and conferences 
even while they are in college so that it becomes a habit. But—at the very least—
they will have to search the World Wide Web and read a book or a journal article 
(Mourtos, 2003) and all without the direction of a professor or mentor.

Happily, some of the best opportunities for employment start when the student 
engineer is still in the classroom environment and is selected for an internship oppor-
tunity with an engineering firm or corporation. An internship is a temporary appren-
ticeship, wherein a student receives on-the-job training to gain experience in his 
or her chosen field. Internships seldom last beyond 1 year, and they can be either 
paid or unpaid. The internship is a partnership between the student, the engineer-
ing firm providing the opportunity, and the university that provides the steady stream 
of eager low-cost or free workers for low-level tasks. The student gains workplace 
experience, familiarity with being a working engineer, and the awareness of what 
lifelong learning looks like on the job. The employer gets reduced cost labor and 
the chance to mine the next group of new engineers for talented individuals who can 
join their company with much training already completed. The university gains com-
munity partners for development and the goodwill of the alumni who reflect back 
on their university education with positive thoughts (Johnston, Taylor, & Chappel, 
2001). When appraising engineering firms for suitability for internship programs, the 
university will look for several key factors that will contribute to students achieving a 
higher level of professional training. They are looking for a company with an intern 
mentor who can serve as a counselor, has relevant experience, has perhaps held a stu-
dent internship position at some time in the past, and is someone who can serve as an 
advisor and guide to stimulate professional development (Guest, 2006).

As the student intern sees how life is as a professional engineer, they begin to con-
textualize the connection between lifelong learning and workplace literacy. Of course, 
each individual will differ in the amount of interest shown with regard to active life-
long learning. Even given a corporate climate with extensive learning and literacy 
opportunities, developing workplace literacy will still depend upon a person’s back-
ground, educational experiences, and his or her professional drive (Fuller, Unwin, 
Felstead, Jewson, & Kakavelakis, 2007). It is known that in today’s business climate, 
firms must be ready to deliver a “whole package” product and not simply one piece 
or a specific component. The new, modern engineer will have to be adept at both the 
technological and the commercial aspects of his or her firm and products. Streamlined 
staffing and corporate bottom lines require today’s engineer to be skilled across mul-
tiple disciplines—able to function in a variety of job activities, rather than in spe-
cific engineering skills. Being familiar with a project’s life cycle, understanding the 
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workings of a product, and helping to market it may be part of an engineer’s job, even 
to the point of developing close relationships with customers, leading to new product 
designs. The ability to operate as a systems engineer, with a grasp of all phases of a 
project, is an emerging professional trend in engineering (Spinks, Silburn, & Birchall, 
2007). This necessitates engineers keeping up with lifelong learning and workplace 
literacy as—no matter how broad a professional degree program may be—it can never 
account for all the vagaries and practicalities one will be confronted with on the job.

And so, with foundational support from the educators instructing the upcoming 
generations of engineers, from the accrediting organization ABET, and from mem-
bers of the engineering profession, themselves, lifelong learning is becoming a way 
of life for those who choose a career in engineering.
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Accreditation of Engineering Programs in the United States

In the United States, professional certification for the engineering field—mostly 
through university accreditation—falls under the aegis of ABET, Inc. Accreditation 
is the process by which competency and authority are established in a particular 
métier, and for American engineers and engineering schools, ABET is the authorita-
tive body making these determinations. However, ABET does not act alone, and—in 
fact—ABET is part of an engineering leadership internationally. Through coopera-
tion and mutual recognition, accrediting organizations work to keep engineering pro-
grams up to par in order to help foster the discipline and create a marketplace of 
skilled individuals that establish the engineering standards so critical to professional 
engineering.

ABET and its predecessors have a long history, and they have evolved together 
for the betterment of the profession. The Engineers’ Council for Professional 
Development (ECPD) was established in 1932 in the wake of a survey conducted by 
the major professional engineering societies that revealed that joint organization was 
necessary in order to bolster the engineering profession. The ECPD mainly focused 
on the following aspects:

l Guidance: Supplying information to current and potential engineering students.
l Training: Developing plans for personal and professional development.
l Education: Appraising engineering curricula and maintaining a list of accredited curricula.
l Recognition: Developing methods whereby individuals could achieve recognition by the 

profession and the general public.

The seven engineering societies that came together and founded the ECPD 
organization were: the American Society of Civil Engineers (ASCE), the American 
Institute of Mining and Metallurgical Engineers (now the American Institute of 
Mining, Metallurgical and Petroleum Engineers (AIME)), the American Society 
of Mechanical Engineers (ASME), the American Institute of Electrical Engineers 
(now the Institute of Electrical and Electronics Engineers (IEEE)), the Society for 
the Promotion of Engineering Education (now the American Society for Engineering 
Education—ASEE), the American Institute of Chemical Engineers (AIChE), and 
the National Council of State Boards of Engineering Examiners (now the National 
Council of Examiners for Engineering and Surveying—NCEES).

http://dx.doi.org/10.1016/B978-0-12-385214-4.00003-9
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In 1936, only 4 years after its establishment, ECPD evaluated and accredited its 
first engineering degree program, and 10 years later it evaluated its first engineer-
ing technology program. Thus, the seeds were laid for the extensive program that is 
in place today. By 1947, ECPD had accredited 580 undergraduate programs at 133 
institutions of higher learning.

ECPD was renamed the Accreditation Board for Engineering and Technology 
(ABET) in 1980: a name change to reflect its main mission, the accreditation 
of engineering curricula in higher education institutions. In 2005, the organiza-
tion formally changed its name from the “Accreditation Board for Engineering and 
Technology” to ABET, Inc. By the late 1980s, the organization also became a con-
sultant to both new and established international accreditation boards. Presently, 
ABET accredits some 2,900 programs at more than 600 colleges and universities 
nationwide. ABET now has 30 member societies that volunteer their services as eval-
uators and provide leadership and quality assurance in applied science, computing, 
engineering, and technology education, in addition to serving on the ABET Board 
(see http://abet.org/gov.shtml). In 1997, ABET was recognized by the Council for 
Higher Education Accreditation as the authoritative voice of engineering education 
(see http://www.chea.org/).

For the first part of its history, ABET’s accreditation criteria concentrated almost 
entirely on curricula and the number and quality of faculty and facilities. However, 
a paradigm shift in thinking began in the mid-1990s as the engineering commu-
nity began a series of in-depth discussions on the nature and scope of accredita-
tion requirements. The accreditation process was deemed to be inflexible and was 
accused of not allowing or encouraging innovation at academic institutions. This 
rigidity was keeping engineering programs out of touch with the true future needs 
of professional engineers. The development of Engineering Criteria 2000 (EC2000) 
was the result of this intense national debate. In five short years, ABET moved from 
discussion to the actual implementation of EC2000.

Key Milestones for Implementation of EC2000

Program Criteria published for 1 year comment 
 (see http://www.abet.org)

December 1996

EAC reviews Pilot Study July 1997
EAC reviews/revises General Criteria based on comments July 1997
EAC reviews/revises Program Criteria based  
 on comments

July 1997

Pilot Study, additional schools visited September to December 1997
ABET Board votes on Revised General/ 
Program Criteria

November 1997

Criteria published, effective for 1998/1999 visit cycle December 1997
EAC reviews Pilot Study July 1998
Begin 3-year phased implementation Fall 1998 visit cycle
Full implementation of Criteria 2000 Fall 2001

Source: “Engineering Criteria 2000” (3rd ed.). http://www.ele.uri.edu/faculty/daly/criteria.2000.html, accessed 
September 16, 2011.

http://abet.org/gov.shtml
http://www.chea.org/
http://www.ele.uri.edu/faculty/daly/criteria.2000.html
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EC2000

Launched in late 1997 following a pilot study, EC2000 was a revolutionary new way 
of thinking about teaching and learning. Instead of focusing on teaching (inputs)—
what is taught and how—the focus is on what students learn (outputs). Also, EC2000 
stresses the fundamental concept of continuous program improvements while tak-
ing into account the missions and goals of academic institutions and programs. In 
effect, ABET had moved to an “outcomes”-based method of assessment. This shift 
in thinking mirrors current pedagogical thinking and brings ABET in line with aca-
demic standards that require a fixed set of student learning outcomes. Explicit learn-
ing statements define the knowledge, skills, and abilities expected of each student at 
the end of a particular course or course of study. These student learning outcomes 
are assessed at the end of each course and at the end of the entire course of aca-
demic study. Though a set of prescribed expectations may sound restrictive, it actu-
ally allows institutions to be creative in developing innovative programs that reflect 
the needs of future engineers who will be working in a fast-paced and changing glo-
bal economy. In short, the students all arrive at the point of being educated engi-
neers, but how they get there is a creative and dynamic journey that can vary from 
instructor to instructor or from university to university. In the decade since the imple-
mentation of EC2000, we are beginning to see revised and revamped curricula and 
new curricula as faculty and administrators experiment and design new programs to 
honor the spirit of EC2000 on their respective campuses.

ABET Program Outcomes

At the center of EC2000 are the ABET Program Outcomes (for baccalaureate  
programs)—often referred to as Criterion 3a–k—reproduced in the box titled 
“2010–2011 Criteria for Accrediting Engineering Programs” from the ABET web-
site: http://www.abet.org/Linked%20Documents-UPDATE/Criteria%20and%20PP/
E001%2010-11%20EAC%20Criteria%2011-03-09.pdf, accessed September 3, 2011.

Program results are outcomes (a) through (k), plus any additional abilities that 
might be articulated by the program. Program outcomes must foster attainment of 
program educational objectives. There must be an assessment and evaluation proc-
ess that periodically documents and demonstrates the degree to which the program 
outcomes are attained.

These outcomes can be divided into two broad categories: those that are concerned 
with “hard” or technical skills and those that address “soft” skills. Criteria 3a–c, e, and 
k are concerned with the technical foundations of engineering (hard skills). Before 
EC2000, university engineering programs paid limited attention to writing and other 
communication skills. However, during the intense national debate prior to the launch 
of EC2000, it became clear that programs should give much more prominence to the 
soft skills, such as writing; communicating; and understanding ethical, global, and 
contemporary issues, along with the concept of lifelong learning. The professional 

http://www.abet.org/Linked%20Documents-UPDATE/Criteria%20and%20PP/E001%2010-11%20EAC%20Criteria%2011-03-09.pdf
http://www.abet.org/Linked%20Documents-UPDATE/Criteria%20and%20PP/E001%2010-11%20EAC%20Criteria%2011-03-09.pdf
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literature abounds with articles about the definition of soft skills and how to teach them 
as part of the engineering curriculum. Two well-cited articles are worth mentioning. 
The first, by Moore and Voltmer (2003), urges the profession to return to its original 
mission—that of a service profession—the essence of which is service, professional-
ism, creativity, and problem solving. The other article, by Ragsdell (2000), is a socio-
logical study reporting the empirical findings from a series of action research projects 
conducted in several engineering companies over a period of 3 years. Each company 
was implementing a new company-wide strategy to make them more competitive. One 
of the major conclusions of this study is that senior managers felt that their engineers 
had the hard skills to comply with the new strategy, but lacked the soft—or people—
skills to cope with the cultural or organizational change. It is evident that future engi-
neers must not only have a thorough understanding of engineering principles, but must 
also be skilled in communicating their knowledge, must work well with people at all 
levels, and must adapt well to organizational, societal, and cultural change. Engineers—
working in teams—must act ethically and responsibly in an increasingly global world. 
Criteria 3d and f–j address these important soft skills—abilities that are complementary 
and essential companions to technical skills.

ABET Criteria 3i

This book is concerned in particular with the ABET Criteria 3i for lifelong 
learning—“a recognition of the need for, and an ability to engage in lifelong 

2010–2011 Criteria for Accrediting Engineering Programs

Criterion 3. Program Outcomes
Engineering programs must demonstrate that their students attain the following 
outcomes:
a. an ability to apply knowledge of mathematics, science, and engineering
b. an ability to design and conduct experiments, as well as to analyze and interpret data
c. an ability to design a system, component, or process to meet desired needs within 

realistic constraints such as economic, environmental, social, political, ethical, health 
and safety, manufacturability, and sustainability

d. an ability to function on multidisciplinary teams
e. an ability to identify, formulate, and solve engineering problems
f. an understanding of professional and ethical responsibility
g. an ability to communicate effectively
h. the broad education necessary to understand the impact of engineering solutions in a 

global, economic, environmental, and societal context
i. a recognition of the need for, and an ability to engage in lifelong learning
j. a knowledge of contemporary issues
k. an ability to use the techniques, skills, and modern engineering tools necessary for 

engineering practice.
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learning”—and strategies for its implementation. (Please note that during the 2009–
2010 program cycle, Criteria 3i—related to lifelong learning—was moved up to 3h 
but has since been moved back to 3i in the current cycle.) Due to its very nature, life-
long learning (ABET Criteria 3i) occurs during the entire professional life of a sci-
entist or engineer—a period that is anywhere up to 40 years long—while the formal 
degree-based education of the professional can range from 4 to 10 years, a fraction 
of the professional period. Due to rapid changes in technology, and in economic and 
sociocultural systems on this planet, the process of “introducing” lifelong learning 
can include:

l Mastering the techniques—at least the ones available during the years of formal study—of 
lifelong learning,

l Creating a strong awareness of lifelong learning, and
l Developing the instinct to incorporate lifelong learning into one’s life and routine during 

the rough-and-tumble of the professional’s working world.

Mastering the Techniques of Lifelong Learning

Mastering the techniques of lifelong learning first involves increasing the independ-
ence of the student in the learning process. Litzinger, Wise, Lee, Simpson, and Joshi 
(2001), summarizing the extensive work of Candy (1991), give three broad strategies 
for increasing independent learning:

l Offering courses focused on developing skills important to self-directed learning; some 
examples of this are classes in information literacy, self-management, and critical thinking.

l Giving students an opportunity to practice those skills.
l Giving students an opportunity to develop those skills and engage in self-reflection.

The Foundation Coalition (FC), an important resource in engineering education 
(composed of a group of eight engineering coalitions and funded by the National 
Science Foundation), provides significant resources and monitors research on the 
implementation of ABET Criteria 3i: http://www.foundationcoalition.org/home/
keycomponents/assessment_eval/outcome_i.html.

Summarizing the research referenced on the Foundation Coalition’s Criteria 
3i-related webpage, there are many examples of assignments that would work well in 
learning techniques useful for lifelong learning:

1. Requiring a literature review.
2. Involving attendance at meetings of professional societies.
3. Acquiring sources for continuing education in a given area of the discipline for varying 

assignments, including for a literature review—for instance using SciFinder Scholar or 
Compendex or other databases that provide access to peer-reviewed literature; using the 
Internet to search for non-peer-reviewed literature; taking formal short courses; attending 
workshops and webinars; interviewing and networking with practicing engineers or sci-
entists; reading and understanding trade literature related to the area under study; this will 
enable the student to explore many different research methods.

http://www.foundationcoalition.org/home/keycomponents/assessment_eval/outcome_i.html
http://www.foundationcoalition.org/home/keycomponents/assessment_eval/outcome_i.html
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4. Giving writing assignments that require explanations of the importance of lifelong learning 
in a given area of study.

Scientists and engineers learn at several broad levels:

l Understanding existing theories and concepts based on the past work in the chosen field of 
science or engineering,

l Gaining skills in problem solving by using instruments and equipment, and learning labo-
ratory techniques,

l Synthesizing and obtaining more strategic, higher levels of understanding from learning in 
seemingly disparate areas. Examples are concepts [of …], attending lectures by working 
scientists, reading published papers, and watching webinars,

l Being “creative” in the chosen field of study and to formulate thinking outside the box 
solutions to problems, and

l Working in a team.

For a professional to keep up-to-date in a competitive world in which younger 
professionals enter the workforce involves the ability of the professional to keep 
pace in all five areas listed above. The first ability involves expanding one’s knowl-
edge base during one’s lifetime, and the second ability involves learning to operate 
newer pieces of equipment and instruments. These two skills actually form the core 
of undergraduate work. The third and fifth abilities can be developed through assign-
ments that are multidisciplinary in nature and/or are carried out in a team setting.

Awareness of Lifelong Learning

Awareness of the need for lifelong learning is likely to be less of a problem for the 
current generation of professionals working in a communicative, wired, globalized 
environment. However, “information overload” presents other challenges, such as the 
need to develop higher critical-thinking skills to determine (for instance) the authori-
tativeness and appropriateness of different types of information. The awareness that 
may need to be developed is that much of the learning that will prove useful to the 
professional is likely to come from traditional sources. This strong awareness could 
best be acquired by giving related assignments within courses (items 1 through 4 
from the Foundation Coalition’s research).

The NAE (National Academy of Engineering) newsletter “The Bridge” offers one 
of the best descriptions of the challenges for engineers attempting to keep up in their 
disciplines in the article by Smerdon (1996) aptly entitled “Lifelong Learning for 
Engineers: Riding the Whirlwind”:

A decade ago, a group of experts estimated the half-life of an engineer’s technical 
skills—how long it would take for half of everything an engineer knew about his or 
her field to become obsolete. For mechanical engineers it was 7.5 years. For electri-
cal engineers it was 5. And for software engineers, it was a mere 2.5 years, less time 
than it takes to get an undergraduate degree. Today, those numbers are surely even 
smaller.
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and

Think about it. In some specialties, engineers must update half of everything  
they know every couple of years, all the while working full-time to design products 
according to the best standards of the moment—which might change next month. In  
even the slower-paced fields, engineers must reinvent themselves at least once a 
decade.

Add to this already overwhelming situation the fact that engineers can no longer 
expect to spend their entire working lives specializing in a niche area. As technology 
changes and production life cycles ebb and flow, engineers must be ready to switch 
jobs—not just between companies, but even within a company—and must “be pre-
pared to switch nimbly to a new field when the old one peters out.”

Paton (2002) suggests that engineers should expect to spend from 100 to 300 
hours on continuing education each year. He also tells us that the rate of change in 
areas such as information technology, semiconductors, telecommunications, materi-
als science, and chemical technology is approaching 25% per year. Another interest-
ing observation by Paton is that once a company has developed and implemented a 
new technology, it will move on to a newer technology. Engineers unable to educate 
themselves will not be selected for the new project and will eventually be moved into 
lower-tier roles.

Given that the half-life of engineering knowledge is anywhere from 2.5 to 7.5 
years, depending on the discipline, students need to be provided with the relevant 
tools and techniques to keep abreast of developments in their respective engineering 
discipline, in addition to related areas such as business. ABET Criteria 3i on lifelong 
learning is designed to address this issue, and yet—without a doubt—it is one of the 
most challenging of the 11 outcomes to assess. How do we know or how can we ever 
know that we have succeeded in meeting this outcome? The most conclusive way to 
measure this outcome would be to interview and survey students after they graduate 
to ascertain if they are pursuing lifelong-learning goals.

Marra, Camplese, and Litzinger’s article (1999) is one of the first post-EC2000 
publications to articulate the issues surrounding the lifelong-learning outcome. Their 
article summarizes the results of a preliminary literature review of lifelong learning 
and engineering education and discusses plans for assessing the lifelong learning of 
Penn State students, including some data from a survey of their recent graduates. As 
Litzinger and Marra (2000) rightly observe, previously it was enough for academic 
institutions to offer courses in lifelong learning for practicing engineers as part of 
their program, but they are now required to demonstrate they have met this out-
come for their current students. Litzinger and Marra ask what the critical skills and 
attributes of lifelong learning are and how we can adapt our curricula to meet these 
demands. They also discuss some attributes and characteristics of lifelong learners 
and ways to assess them.

Mourtos (2003) further develops these concepts and ideas using Bloom’s 
Taxonomy and suggests that “a recognition of the need for” requires skills in the 
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affective domain and the “ability to engage” requires skills in the cognitive domain. 
Mourtos offers five learning objectives, one for each level of the affective domain:

1. Willingness to learn new material on their own,
2. Reflecting on their learning process,
3. Participation in professional societies’ activities,
4. Reading engineering articles and books outside of class, and
5. Attending extracurricular training or planning to attend graduate school.

He places the second outcome element in the more familiar cognitive domain and 
offers nine learning objectives:

1. Observe engineering artifacts carefully and critically, to reach an understanding of the rea-
sons behind their design,

2. Access information effectively and efficiently from a variety of sources,
3. Read critically and assess the quality of information available: question the validity of 

information, including that from textbooks or teachers,
4. Categorize and classify information,
5. Analyze new content by breaking it down, asking key questions, comparing and contrasting, 

recognizing patterns, and interpreting information,
6. Synthesize new concepts by making connections, transferring prior knowledge, and 

generalizing,
7. Model by estimating and simplifying, and by making assumptions and approximations,
8. Visualize: create pictures in your mind that help you “see” what the words in a book 

describe, and
9. Reason by predicting, inferring, using inductions, questioning assumptions, using lateral 

thinking, and inquiring.

Mourtos makes the case succinctly for the need for information literacy as a vital 
tool for lifelong learning:

Assuming that the graduate school option has been exhausted, engineers can stay 
current throughout their career by attending short courses, workshops, seminars, 
and conferences in their own as well as in new, emerging fields. However, it is not 
practical to expect that all the new knowledge we will ever need at some point in 
our careers can be acquired through these venues. Sooner or later, one will have 
to search the worldwide web, go to the library or the bookstore, and eventually sit 
down with a book, an article or some other reference to learn on his/her own. It is 
in this context that lifelong learning skills need to be defined, taught, and practiced.

ABET formed out of a discussion among professional engineers. Those engi-
neers and academics of the 1930s saw a need for change and took action to codify 
the engineering profession as well as the classroom skills and tools needed to train 
engineers. Decades of academic and technical progress (almost a “Moore’s law” in 
engineering technology and influence) brought to the fore the need to rethink the 
educational and accrediting partnership. Increased communication and the globaliza-
tion of the work environment created a need for a new type of engineer: an adaptive 
individual, capable of nimble thinking, self-education, cooperation, and technical 
skill. The type of learning imparted in the university classroom is nurtured as a life-
long skill in the professional realm under the guidance of ABET, Inc. Educating the 
engineers of the future, and keeping them engaged and professionally active is the 
essential task of the ABET accreditation process.
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Information Literacy and Lifelong 
Learning

4

The Association of College and Research Libraries (ACRL) has developed an  
in-depth explication of information literacy (IL). Since ACRL is the academic arm of 
the American Library Association (ALA), this philosophy and educational practice 
of IL influences the lifelong learning of engineers via the selection of research and 
academic materials by librarians and via the course content supplied by librarians in 
their instructional roles.

In the broadest sense, ACRL defines IL as

Information literacy is a set of abilities requiring individuals to “recognize when 
information is needed and have the ability to locate, evaluate, and use effectively the 
needed information.” Information literacy also is increasingly important in the con-
temporary environment of rapid technological change and proliferating information 
resources. Because of the escalating complexity of this environment, individuals are 
faced with diverse, abundant information choices—in their academic studies, in the 
workplace, and in their personal lives. Information is available through libraries, 
community resources, special interest organizations, media, and the Internet and 
increasingly, information comes to individuals in unfiltered formats, raising ques-
tions about its authenticity, validity, and reliability. In addition, information is avail-
able through multiple media, including graphical, aural, and textual, and these pose 
new challenges for individuals in evaluating and understanding it. The uncertain 
quality and expanding quantity of information pose large challenges for society. The 
sheer abundance of information will not in itself create a more informed citizenry 
without a complementary cluster of abilities necessary to use information effectively.

Information literacy forms the basis for lifelong learning. It is common to all 
disciplines, to all learning environments, and to all levels of education. It ena-
bles learners to master content and extend their investigations, become more 
self-directed, and assume greater control over their own learning. An information-
literate individual is able to:

l Determine the extent of information needed
l Access the needed information effectively and efficiently
l Evaluate information and its sources critically
l Incorporate selected information into one’s knowledge base
l Use information effectively to accomplish a specific purpose
l Understand the economic, legal, and social issues surrounding the use of information, 

and access and use information ethically and legally
From http://www.ala.org/ala/mgrps/divs/acrl/standards/

informationliteracycompetency.cfm.

http://dx.doi.org/10.1016/B978-0-12-385214-4.00004-0
http://www.ala.org/ala/mgrps/divs/acrl/standards/informationliteracycompetency.cfm
http://www.ala.org/ala/mgrps/divs/acrl/standards/informationliteracycompetency.cfm
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ACRL then takes this broad standard and refines it specifically for science and 
engineering library professionals, creating a uniform standard of IL for them:

Information literacy in science, engineering, and technology disciplines is defined 
as a set of abilities to identify the need for information, procure the information, 
evaluate the information and subsequently revise the strategy for obtaining the 
information, to use the information and to use it in an ethical and legal manner, and 
to engage in lifelong learning. Information literacy competency is highly important 
for students in science and engineering/technology disciplines who must access a 
wide variety of information sources and formats that carry the body of knowledge 
in their fields. These disciplines are rapidly changing and it is vital to the practicing 
scientist and engineer that they know how to keep up with new developments and 
new sources of experimental/research data.

Science, engineering, and technology disciplines pose unique challenges in iden-
tifying, evaluating, acquiring and using information. Peer reviewed articles are 
generally published in more costly journals and, therefore, not always available. 
Gray literature requires knowledge of the agency/organization publishing the infor-
mation. Much of science, engineering and technology is now interdisciplinary and, 
therefore, requires knowledge of information resources in more than one discipline. 
Information can be in various formats (e.g. multimedia, database, website, data set, 
patent, Geographic Information System, 3-D technology, open file report, audio/vis-
ual, book, graph, map) and, therefore, may often require manipulation and a work-
ing knowledge of specialized software.

Science, engineering, and technology disciplines require that students demon-
strate competency not only in written assignments and research papers but also in 
unique areas such as experimentation, laboratory research, and mechanical draw-
ing. Our objective is to provide a set of standards that can be used by science and 
engineering/technology educators, in the context of their institution's mission, 
to help guide their information literacy-related instruction and to assess student 
progress. The field of mathematics is not included in the standards.

Based on the ACRL Information Literacy Competency Standards for Higher 
Education, five standards and twenty-five performance indicators were developed 
for information literacy in Science & Engineering/Technology. Each perform-
ance indicator is accompanied by one or more outcomes for assessing the progress 
toward information literacy of students of science and engineering or technology at 
all levels of higher education.

ALA/ACRL/STS Task Force on Information Literacy for 
Science and Technology

Comparison of ACRL and ABET Standards

Since librarians are instruction partners in the education of engineers and scientists 
at both the graduate and the undergraduate levels, it is no surprise that ACRL’s stand-
ards for science, engineering, and technology would match ABET’s standards so 
well. The shared vision and common purpose of the two organizations is easily seen 
in following chart:
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ABET Accreditation Criteria Mapped to ACRL IL Standards

ABET Criterion ACRL Standards for 
Science and Engineering/
Technology Performance 
Indicators

a. An appropriate mastery of the knowledge, techniques, 
skills, and modern tools of their disciplines

3.1.a; 3.3.c; 3.6.a; 3.6.b; 
4.1.b; 4.1.d; 4.2.a; 4.3.b; 
2.1.a; 1.3.a–f

b. An ability to apply current knowledge and adapt 
to emerging applications of mathematics, science, 
engineering, and technology

3.1.b; 3.1.c; 3.2.a; 3.4.a–g; 
3.6.c; 3.7.a; 4.1.a; 4.1.b; 
4.2.a; 1.4.a–e; 5.1.a–d

c. An ability to conduct, analyze, and interpret 
experiments, and apply experimental results to  
improve processes

3.2.b; 3.3.a–b; 3.5.b; 3.7.b; 
4.1.a–c; 4.2.a–b; 4.3.c; 
2.1.a; 1.2.d; 3.2.e; 4.5.a–c

d. An ability to apply creativity in the design of systems, 
components, or processes appropriate to program  
educational objectives

4.2.b; 4.4.a–b

e. An ability to function effectively on teams 3.6.c; 2.3.d; 3.5.b
f. An ability to identify, analyze, and solve technical 

problems
1.1.b

g. An ability to communicate effectively 3.6.c; 4.1.b; 4.3.a–d;  
2.3.d; 1.2.b; 3.5.a; 3.5.c; 
4.3.a–c; 4.6

h. A recognition of the need for, and an ability to 
engage in lifelong learning

3.1.a–3.7.b; 4.1.a–4.6.d; 
2.2.a–f; 3.2.b–d; 3.2.f–g

i. An ability to understand professional, ethical, and 
social responsibilities

3.2.a–b; 4.1.a–d; 4.2.a–g

j. A respect for diversity and a knowledge of contemporary 
professional, societal, and global issues

3.2.d

k. A commitment to quality, timeliness, and continuous 
improvement

3.2.a; 3.5.a; 3.7.c

Please note that at the time Sapp Nelson and Fosmire (2010) wrote this article, the lifelong-learning criteria 
was moved to 3h, but it has subsequently been moved back to 3i for the 2010–2011 program cycle. From 
http://www.abet.org/Linked%20Documents-UPDATE/Criteria%20and%20PP/E001%2010-11%20EAC%20
Criteria%2011-03-09.pdf.

The relationship between IL and lifelong learning is now inexorably joined to 
improvements and cohesion in academics. Librarians and instructors have documented 
a common and supporting purpose when it comes to educating science and technology 
students. But developments at the professional level need to be successfully merged 
into the classroom—for a purposefully inculcated foundation of IL is the basis for any 
set of lifelong-learning skills. It is impossible to have that ultimate professional skill set 
without instruction and practice in research, discernment, and the articulation of ideas. 
These types of critical-thinking skills can be taught and learned through guidance and 
practice in the classroom. Insights and direction from practiced academic professionals 
make developing IL skills a much easier process than if one had to develop these skills 
alone and at point-of-need on the job. The value of the ability to know where to look 

http://www.abet.org/Linked%20Documents-UPDATE/Criteria%20and%20PP/E001%2010-11%20EAC%20Criteria%2011-03-09.pdf
http://www.abet.org/Linked%20Documents-UPDATE/Criteria%20and%20PP/E001%2010-11%20EAC%20Criteria%2011-03-09.pdf
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for information—and then how to analyze, synthesize, and distribute it—cannot be 
overstated. There has been a global move to a knowledge-based economy, but it is not 
clear whether or not businesses and corporations are addressing IL gaps with profes-
sional development as a common practice. The world of business and industry, by vir-
tue of the digital age itself, has an investment in knowledge management as an essential 
aspect of its functionality. Corporate leaders are aware of the value of employees with 
IL skills as a “new economy” skill set, and without this skill many workers might be 
ill-equipped to deal with the information overload that is common in the science and 
engineering professions (O’Sullivan, 2002).

The contribution of IL to lifelong learning and the career of engineers and scien-
tists can be seen in the value added to one’s skill set and the resulting demand from 
employers. These skills “should be invaluable for all design projects” (Clarke & 
Coyle, 2011), and they can be leveraged “for product development research through-
out their careers” (Clarke & Coyle, 2011). Most assuredly, engineers and scientists 
will be expected to write much more in their careers than they likely expected as stu-
dents or novice professionals first entering the workforce. As they move ahead pro-
fessionally, they will find increased demand upon them to produce written materials, 
such as white papers, grant applications, and requests for proposals, and their IL and 
lifelong-learning skills will serve them well.

In order to ensure that students’ information development needs will be met, 
librarians and instructors must continue to work together to develop curricula and 
tutorials aimed at enhancing the student learning experience. Continuing educa-
tion for teaching professionals is just as important as it is for those in technology-
based jobs. The ACRL maintains an instruction wiki specifically for those engaged 
in engineering education who are concerned with ABET standards and academic 
curricula. Referencing http://wikis.ala.org/acrl/index.php/Information_Literacy_in_
Engineering, one can access a well-maintained and well-reviewed list of articles and 
curricula related to developing lifelong-learning skills, thus enabling one to perform 
an easy, baseline literature review on this topic.
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Nature of Engineering

It is important for librarians to understand the nature of engineering so that they can 
collaborate more effectively with teaching faculty and can design appropriate assign-
ments in information literacy (IL). The nature and essence of engineering is often not 
understood correctly by non-engineers. The usual image of an engineer is of some-
one who is deeply involved in the technical aspects of a project and only concerned 
with minutiae, and who is walking around in a hard hat measuring different parts of 
a project with blueprints and charts. And this is, of course, true when one interacts 
with an engineer (for instance) on a construction site. However, at the very heart of 
engineering are notions of creativity, innovation, problem solving, and design. It is 
these aspects of the discipline that attract students to engineering and keep working 
engineers engaged and enthusiastic about their profession.

Engineers have played a major role in product design and development for  
centuries. All of the products we use every day were designed and developed by 
someone with an engineering mind-set whether they were a certified engineer, an 
independent inventor, or a part of a company or team. Creative engineers are the 
ones who solve the world’s technological problems and improve the quality of our 
everyday lives. Charyton and Merrill (2009) provide an excellent history of research 
on creativity and its application to engineering as a prelude to a report on the devel-
opment of a tool to assess the creativity of engineering undergraduate students. Some 
salient parts of their review are presented in this chapter to deepen our understanding 
of creativity as it applies to engineering. The essence of creativity can be defined as 
a preference for thinking in novel ways and the ability to produce work that is novel 
and appropriate (Sternberg, 1999; Weisberg, 1986). Felder (1987), one of the leading 
researchers in engineering education, goes so far as to say that it is the profession’s 
responsibility to produce creative engineers “or at least not to extinguish the creative 
spark in our students.” So, it is necessary to provide opportunities for our students 
to exercise and develop their creative skills. Elliott (2001) went further and stated: 
“I think that if engineers are not creative, they are not engineers.”

Simonton (2000) states that “Creativity is certainly among the most pervasive 
of all human activities. Homes and offices are filled with furniture, appliances, and 

http://dx.doi.org/10.1016/B978-0-12-385214-4.00005-2
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other conveniences that are products of human inventiveness.” Highly creative peo-
ple redefine problems, analyze ideas, persuade others, and take reasonable risks in 
order to generate ideas (Sternberg & Dess, 2001).

But how is creative thinking related to IL? Goad (2002), in his book “Information 
Literacy and Workplace Performance,” makes an excellent connection between crea-
tivity, innovation, and risk taking, and then shows how they relate to IL. Chapter 5 
of his book could easily be applied to any engineering workplace where one has to 
“innovate or evaporate.” The following lengthy quotation offers us the best explana-
tion of the connection between creativity and IL:

On the surface, it might appear that creative thinking has little to do with being 
information literate. After all, isn’t information literacy the ability to acquire and 
use information? It’s achieved through a step-by-step, well organized process, and 
creativity is anything but. Information literacy is that, but much more, and the key is 
thought. Thinking, as discussed in the previous chapter is required at all steps along 
the way from information need to its application for problem-solving and decision 
making. … Continuously coming up with great ideas may well dictate the informa-
tion needed. Being creative when, say, you’re considering alternative solutions to 
a problem (the alternatives resulting from an information search), may produce far 
better results than taking a more traditional thinking approach.

Goad (2002, p. 84)

The Design Process

Engineers express their creativity through the design process to solve problems 
within constraints. The following slide by Salomon Davila of Pasadena City College 
[part of a presentation at the American Society for Engineering Education (ASEE) 
Annual Conference 2007, Hawaii; http://depts.washington.edu/englib/eld/conf/
conf07.php] provides a good visual representation of the engineering design process: 
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Creativity in Engineering, Information Literacy, and Communication Patterns of Engineering 27

Therefore, it is important to have a basic understanding of the different steps in the 
design process. There are many books outlining this process; the one by Cross (2000) pro-
vides an excellent summary of the different design models. Cross suggests that the design 
process is a four-stage model: exploration, generation, evaluation, and communication.

According to Cross, French (1985), has a more detailed model adding the follow-
ing activities: analysis of problem, conceptual design, selection of schemes, embodi-
ment of schemes, and detailing. The whole process begins with the statement of 
need. French defines the “conceptual design” stage thus:

This phase takes the statement of the problem and generates broad solutions to it in 
the form of schemes. It is the phase that makes the greatest demands on the designer, 
and where there is the most scope for striking improvements. It is the phase where 
engineering science, practical knowledge, production methods and commercial 
aspects need to be brought together, and where the most important decisions are taken.

Cross (2000)

There are also “prescriptive models” that suggest improvements to the conven-
tional or heuristic models of the design process which emphasize the importance 
of analysis before the generation of solutions. At the heart of the prescriptive mod-
els are the notions of analysis, synthesis, and evaluation. Cross reports that Archer 
(1984), developed a detailed model: “This includes interactions with the world out-
side of the design process itself, such as inputs from the client, the designer’s train-
ing, and experience and other sources of information, etc.” Cross (2000, p. 35).

Cross identifies Archer’s six types of activity:

l Programming: establish crucial issues; propose a course of action,
l Data collection: collect, classify, and store data,
l Analysis: identify subproblems; prepare performance (or design) specifications; reappraise 

proposed program and estimate,
l Synthesis: prepare outline design proposals,
l Development: develop prototype design(s); prepare and execute validation studies,
l Communication: prepare manufacturing documentation.

It is obvious from the aforementioned models of the design process that the need 
for information resources is greatest at the “conceptual design” phase. It is impor-
tant for librarians to realize this and to proceed accordingly. For instance, in a senior 
design or capstone project, students will need to use IL skills at the beginning of the 
semester and will need librarians less as they progress in their projects. In summary, 
we can make the following generalization on the design process:

l Design problems are by their nature ill-defined or undefined;
l Design projects are subject to evaluation based on a set of goals, constraints, and criteria 

(often set forth by a client);
l The design process is an iterative process, in which solutions are explored, refined, or 

abandoned and then other solutions are proposed; and
l The end point or result is the communication (usually in the form of drawings) of the 

design ready for manufacturing.
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Communication and Information-Seeking  
Habits of Engineers

Understanding the communication patterns and information-seeking behavior of 
engineers provides us with further insights. “Communication Patterns of Engineers,” 
by Tenopir and King (2004) is one of the definitive works on the subject. In this 
groundbreaking and much-cited book, the authors cover the subject thoroughly, dis-
cussing communication models, engineers’ information seeking and use, and factors 
affecting information seeking and use, and then they give an overview of the major 
research projects in this field. Many studies over the years have concluded that engi-
neers (in contrast to scientists) traditionally tend to reach for a colleague or for an in-
house source of information first, rather than seeking out external sources. Perhaps 
they now reach for the Internet instead?

Hopefully, the emphasis is changing with the shifts in engineering education and 
the groundbreaking and sustained work of engineering librarians across the coun-
try at their respective campuses. Tenopir and King cite an early study by Holland 
and Powell (1995) at the University of Michigan to support this assumption. The 
authors offered an elective on information resources to senior engineering students. 
They compared the set of students who took the course with the set who did not. It 
is encouraging to note that those who took the course spent subsequently 50% more 
time searching for information and reading than those who did not.

The acquisition of information-seeking and critical-thinking skills is crucial for 
engineers, especially given the notion of the “half-life” of information in engineer-
ing. Engineers need to have superior information-seeking skills in order to research 
the next cutting-edge technology—in fact, they need to be ahead of new develop-
ments to keep their own and their company’s competitive edge. Developing lifelong-
learning skills is at the heart of keeping up with the latest developments. As Goad 
(2002) said: “innovate or evaporate.”

Employers frequently express concerns to faculty that new graduate engineers 
are well-versed and prepared in technical skills, but lack the professional or “soft” 
skills. Professor Larry Shuman, a leading engineering educator, defined these  
skills in his significant coauthored article about the challenging task of assessing 
the five ABET professional skills, which “include communication, teamwork, and 
understanding ethics and professionalism, which we label process skills, and engi-
neering within a global and societal context, lifelong learning, and a knowledge of 
contemporary issues, which we designate as awareness skills” (Shuman, Besterfield-
Sacre, & McGourty, 2005). The article was one of the first to review the professional 
(soft) skills and how they can be taught—or actually, how they can be learned—and 
how to assess them. The article cites many innovative ways educational institutions 
are teaching these skills in combination with service learning and global aspects of 
design projects.

Rodrigues’ (2001) excellent article entitled “Industry Expectations of the New 
Engineer” makes the best case for developing students’ skills in IL (if one was needed).  
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Maybe it should be made into a poster to hang in every engineering librarian’s office as 
a reminder:

Engineers with solid library research skills will generally produce more thorough 
reports than those without. The ideal time for the engineer to develop his or her 
information gathering and management skills is not when entering the corporate 
world, rather, it is during the engineering education where engineering library 
resources in staff and collections are virtually always superior to that of the corpo-
rate world where library service may be limited or non-existent.

It can be seen that academic librarians have their work cut out for them in terms 
of developing the information-seeking skills in engineering students while they are 
on campus. These are skills that they will, hopefully, carry forward to their work-
place and so they can continue their pursuit of lifelong learning.
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Introduction

This chapter is exclusively concerned with information literacy (IL) in undergraduate 
engineering since the book is centered around the ABET accreditation program for 
undergraduate curriculum. We will leave the issue of IL in graduate programs to oth-
ers. For the sake of brevity, other related issues such as citation styles and plagiarism 
have not been addressed. A recent article by Eckel (2010) provides an excellent start-
ing point for further study and research on the important topic of plagiarism.

The Academic Librarian’s Instructional Environment

Before we consider assignments that embed IL elements, we need to understand the 
environment within which academic librarians conduct instruction. Frequently—
in some cases exclusively—librarians are invited to “guest lecture” by the fac-
ulty instructor for one class session. This is usually referred to by librarians as the 
“one-shot” instructional session. Usually, the class comes to the library’s classroom, 
which has computer workstations, and the librarian delivers a session that targets the 
assignment or provides a general orientation—often in a 50 minute class session. 
(It all depends on the duration of the class session, so if the class session is longer, 
the librarian may have more time.) This is usually categorized as course-integrated 
instruction. Within the session, the librarian has to demonstrate the library’s online 
resources, including how to download citations, Boolean search techniques, how to 
evaluate and cite resources, and guidance on developing research topics. Prior to the 
session, the faculty member and librarian will hopefully have had some interaction on 
the assignment. Once the session is completed, the librarian may never interact with 
the faculty for the rest of the semester on that assignment (though some students may 
contact the librarian for further research assistance). The librarian will not know—
unless there is some feedback—if the session was successful in terms of the quality of 
the student research papers. One way for the librarian to assess the success of the ses-
sion is for the librarian to analyze the citations from the assignment (see Chapter 7).

However, the current trend and goal of all instruction librarians is to reach out and  
collaborate with their respective faculty to define learning outcomes, and to design 
and integrate meaningful and authentic assignments, thereby improving the IL skills 
of students and their research output. Engineering librarians, bolstered by the ABET 
Criteria 3i on lifelong learning, have made great inroads in recent years in developing  

http://dx.doi.org/10.1016/B978-0-12-385214-4.00006-4
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partnerships with their faculty to develop assignments suitable for the engineering cur-
riculum (the section that follows highlights some noteworthy collaborations). Many 
academic libraries have also succeeded in implementing mandatory programs for IL 
as a degree completion requirement on their campus—this is the ultimate goal of all 
academic libraries and librarians.

Some excellent research has been conducted on faculty–librarian collabora-
tion. Two highly cited articles are by Leckie and Fullerton (1999) and McGuinness 
(2006). Leckie points out that in many cases faculty are not aware of what librarians 
can actually do in terms of library instruction—and it is often the case in engineer-
ing. Engineering faculty, in particular, certainly believe in the concept and philoso-
phy of lifelong learning. They would agree that IL is an important skill set to possess 
for achieving lifelong learning, but they are not sure how to achieve it. One way for-
ward for engineering librarians is to conduct an exercise in curriculum mapping and 
then to reach out to faculty in a systematic fashion.

Curriculum Mapping

Most courses in the humanities and social sciences require students to conduct 
research on a topic and then to produce a term paper or some other writing product. 
Therefore, it is customary for faculty in these subject areas to seek out librarians on 
a regular basis to teach IL skills to their students to support their assignments. So it 
is not surprising for most academic libraries (from community colleges to research 
institutions) to have well-established programs of library instruction in the humani-
ties and social sciences. This is not the case in science and engineering.

The technical nature of many of the courses in science and engineering do not 
lend themselves naturally to the inclusion of IL, thereby presenting a much greater 
challenge for librarians in these areas. Engineering and science librarians would be 
served well by conducting a curriculum mapping exercise to determine the courses 
that can accommodate IL and then targeting their outreach efforts accordingly.

The Instruction Section of the Association of College and Research Libraries 
(itself a section of the American Library Association) has published a useful docu-
ment titled “Analyzing Your Instructional Environment: A Workbook.” The section 
on curriculum mapping provides us a good starting point:

A curriculum map provides a holistic view of the integration of information literacy 
into your institution. To create a curriculum map, list every course offered at your 
university, then track which courses have a research component, include informa-
tion literacy, and the content and duration of the information literacy instruction. 
This process allows librarians and other members of the university community to 
identify where students are receiving information literacy instruction, the content 
that is covered, and where gaps exist..

http://www.ala.org/ala/mgrps/divs/acrl/aboutacrl/directoryofleadership/
sections/is/projpubs/aie/index.cfm

This methodology can also be used to analyze the offerings at the college or pro-
gram level. College catalog entries and syllabi are reviewed for information about the 

http://www.ala.org/ala/mgrps/divs/acrl/about/sections/is/projpubs/aie/index.tcfm
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contents of the courses to ascertain if there is a research component. Simultaneously 
the sequencing of courses is also analyzed. The next step is to note courses that already 
have an IL component, and then to identify courses that will be suitable for IL (this is 
the challenging part for engineering and science). After creating the curriculum map, 
librarians can see at a glance the vertical alignment of courses and can build a pro-
gram of IL that uses an incremental or building block approach. The analysis allows 
librarians to create appropriate assignments and to assess what students mastered in 
one course. Then they can focus on building new skills and knowledge in subsequent 
course work. This analysis may also allow engineering librarians to be proactive and 
creative about suggesting a research assignment for a course that may not have had 
one. A systematic analysis also assists librarians in communicating with department 
chairs and program coordinators. The most efficient solution is to build and incorpo-
rate IL program incrementally in courses that all students have to take, rather than ran-
domly teaching sessions if and when asked by faculty. Frequently, campuses may only 
have two librarians to cover engineering and science, so it pays to be systematic.

In “Designing Better Engineering Education Through Assessment” (Spurlin, 
Rajala, & Lavelle, 2008), the authors outline the process of curriculum mapping to 
Outcomes a–k. They describe different ways institutions map their curriculum to the 
Outcomes. One of the interesting methods uses a numerical system. Part of this chart 
is reproduced for illustrative purposes:

Curriculum Mapping to ABET Outcomes (Fictitious University)

COURSE/OUTCOME 225 329 499

A mathematics 4 0 4
B experiments 1 1 1
C design* 2 4 4
D teams* 0 0 4
E solve problems 2 1 4
F professional/ethical* 2 1 2
G communicate* 1 4 4
H global* 1 4 4
I Lifelong 0 4 2
J contemporary issues* 2 2 1
K engineering tools 2 4 4

*Reproduced from “Designing Better Engineering Education Through Assessment” 
(Spurlin et al., 2008) for illustration.
Details about the Outcomes are in Chapter 3 or at www.abet.org.

These numbers refer to the following:

l Major (4): Topics are fully introduced, developed, and reinforced throughout the course. 
Students have “application knowledge.”

l Moderate (2): Topics are introduced and then further developed and reinforced in later lec-
tures. Students have “working knowledge.”

l Minor (1): Topics are introduced. Students have “talking knowledge” or awareness.
l (0): Does not relate.

http://www.abet.org/
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In this fictitious example, faculty would have determined which ABET Outcomes 
are relevant for these (fictitious) courses. Librarians would primarily be interested in 
classes that are evaluated by faculty as highly relevant (with a score of 4) for Criteria 
3i (lifelong learning) and less interested in classes that score high (for instance) for 
Criteria A (Mathematics). The scores are determined by the nature of the course. The 
assumption is that librarians can embed an appropriate information literacy assign-
ment into the curriculum that score high in Criteria 3i. However, even if a course 
does not explicitly state that it satisfies 3i, but it rates high or moderately high for 
global and ethical outcomes (for instance), faculty could be approached to develop 
an assignment that would incorporate IL. Some courses may also have hidden or not 
immediately apparent ways to use IL: for instance searching for government regula-
tions, information about hazardous substances, or building regulations.

Examples of IL Programs in Engineering  
(a Literature Review)

Despite the challenges outlined in the previous section, many engineering librarians 
have developed excellent and well-established programs of IL. The Engineering 
Libraries Division (ELD) of the American Society for Engineering Education (http://
www.asee.org) is one of the best resources for learning about IL programs in aca-
demic engineering libraries. Librarians share and exchange information via confer-
ence presentations at the Annual Conference: please see the ELD web site, http://
depts.washington.edu/englib/eld/, for details. Over the past 5 years, a growing 
number of presentations have been devoted to the topic of IL. Librarians are also 
actively publishing about their programs. A few noteworthy examples are as follows.

Arnold, Kackley, and Fortune (2003) describe a successful program for fresh-
men engineering students at the University of Maryland that evolved from a lecture 
format to more interactive sessions. Quigley and McKenzie (2003) also report that 
library instruction for their Technical and Communication classes at UC-Berkeley 
adapted to the needs of the course by incorporating active learning elements. Nerz 
and Bullard (2006) report on the program at North Carolina State University, in 
which engineering librarians developed an integrated instruction program with the 
Department of Chemical and Biomolecular Engineering to infuse information skills 
into the curriculum, with assignments and grading. MacAlpine’s presentation at the 
ASEE conference (MacAlpine & Uddin, 2009) with an engineering faculty mem-
ber describes IL instruction at Trinity University outlining how each element builds 
on the other. Andrews and Patil (2007) begin with the premise that “[t]he ability to 
access, evaluate and synthesise high-quality research material is the backbone of 
critical thinking in academic and professional contexts for Engineers and Industrial 
Designers.” With this in mind, the teaching faculty and librarians developed a pro-
gram for a first-year unit in “Engineering & Industrial Design Practice” at the 
University of Western Sydney. The authors conclude that library sessions and assess-
ment tasks were effective (based on feedback and assessment results) in teaching IL 
skills together with critical-thinking skills. Jay Bhatt and his colleagues at Drexel 

http://www.asee.org
http://www.asee.org
http://depts.washington.edu/englib/eld/
http://depts.washington.edu/englib/eld/


Designing Information Literacy Assignments 35

University have developed a robust program for undergraduate students. His paper 
with Roberts (engineering faculty member) (Roberts & Bhatt, 2007), published in 
the European Journal of Engineering Education, describes how during the 2005–
2006 academic year, the engineering librarians deployed a new methodology for 
instruction. They combined an online tutorial for basic library skills and face-to-face 
consultations between student design teams and engineering librarians. The purpose 
was to take into account different learning styles together with an active learning 
component delivered at the students’ point of need. It has been shown that delivering 
instruction at the point of need is more effective than teaching to perceived need and 
helps students retain information and skills better.

One of the challenges for engineering programs is a crowded curriculum. Faculty 
are hard-pressed to fit in everything they are required to cover and are reluctant to 
give up class time for library research—even though they wholeheartedly believe 
it is an important skill, not just for the program, but also for lifelong learning. To 
deal with this situation, librarians have developed online tutorials (Aydelott, 2007; 
Scaramozzino, 2008). Maness (2006) describes the University of Colorado at 
Boulder’s (UCB) implementation of streaming video to support graduate distance 
programs in engineering and evaluates the use of streaming video applications for IL 
instruction. Streaming videos offer a viable media for the many distance education 
programs in engineering that have been established recently. According to the initial 
evaluation of the UCB project, there is no significant difference between the satisfac-
tion levels and learning outcomes between students who attended in-class sessions 
and those who watched the streaming video.

Problem-Based Learning and IL

Problem-based learning (PBL) is an important pedagogical tool in engineering edu-
cation. Some librarians, especially engineering librarians, have been exploring the 
concepts of PBL and its application to IL.

According to Wikipedia:

Problem-based learning (PBL) is a student-centered pedagogy in which students 
learn about a subject in the context of complex, multifaceted, and realistic prob-
lems. Working in groups, students identify what they already know, what they need to 
know, and how and where to access new information that may lead to resolution of 
the problem. The role of the instructor is that of facilitator of learning who provides 
appropriate scaffolding of that process by (for example), asking probing questions, 
providing appropriate resources, and leading class discussions, as well as designing 
student assessments.

From http://en.wikipedia.org/wiki/Problem-based_learning, 
accessed September 26, 2011.

Characteristics of PBL are:

l Learning is driven by challenging, open-ended, ill-defined, and ill-structured problems.
l Students generally work in collaborative groups.
l Teachers take on the role as "facilitators" of learning.

http://en.wikipedia.org/wiki/Problem-based_learning
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Hsieh and Knight (2008) report on their experimental project, which incorporated 
PBL into their IL instruction at the University of the Pacific. They state:

… Many librarians are aware of the potential positive outcomes of employing prob-
lem-based learning in bibliographic instruction. This active, participatory teach-
ing style is consistent with the goals of information literacy in several ways. As an 
inquiry-based form of instruction, PBL closely parallels the Association of College 
and Research Libraries Information Competency Standards for defining and pur-
posefully resolving an information need. Similarly, both PBL and IL share an over-
arching goal of instilling skills and abilities for lifelong learning. In addition, the 
theoretical bases that underlie both IL and PBL recognize and address the influence 
of learning styles on student acquisition and retention of skills and knowledge.

The librarians conducted a pilot study comparing lecture-based learning (LBL) 
with problem-based instruction, including role playing. The results of the reflective 
survey of the pilot study indicate that using PBL in the early part of education—
such as in the freshman year—has advantages over the LBL approach. Students in 
the PBL section ranked their class higher in interest, participation, and knowledge 
transfer. In addition, the emphasis on group work and communication also aligns 
with many of the ABET program outcomes. Hsieh and Knight (2008) also conducted 
research on the learning styles of engineering students. Most engineering students 
fall under the Myers–Brigg Type Indicator (MBTI) Introvert, Sensing, Thinking, 
and Judging (ISTJ). They summarized the groundbreaking research by Felder and 
Silverman in this area:

In their pioneer learning and teaching styles research using multiple personal-
ity assessment models, Felder and Silverman identify some important attributes of 
students with Sensing indicator—they like facts, data, and hands-on learning but 
may have difficulty with concepts and symbols. They argue that since conventional 
lecturing uses words and that words are symbols, it puts Sensing students in a dis-
advantaged position. In addition, they observe a mismatch between engineering stu-
dents’ preferred learning styles and the current instructional styles in engineering 
education. While most engineering students are visual, sensing, and inductive learn-
ers, most engineering education is auditory (lecturing), intuitive (emphasizing con-
cepts), and deductive (principle first, application later, if ever).

However, PBL is a challenge within the typical 50 minute “one-shot” library 
instruction session, given that to be done adequately, it requires students to collabo-
rate. Enger et al.’s (Enger, Brenenson, Lenn, & MacMillan, 2002) summary of a pre-
conference workshop at LOEX-of-the West came to the conclusion that class time 
needs to be at least 75 minutes to facilitate student collaboration.

Critics of PBL suggest that active problem solving early in the learning process is 
a less-effective strategy than incorporating it later in the process. Early learners find 
it hard to assimilate large amounts of data and can become overwhelmed (Sweller, 
1985). Given these challenges, librarians perhaps should not use PBL in an intro-
ductory course, but should use it mid-program, instead. Senior and capstone design 
projects are by definition using PBL.
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Engineering Information Resources

Engineers have to use a vast amount of information and data to function effec-
tively in the workforce. It is outside the scope of this book to go into great depth 
in terms of individual reference titles in any one of the engineering disciplines; we 
leave that to the many excellent guides to engineering literature, such as “Using the 
Engineering Literature,” edited by Osif (2011).

All engineers—at the very least—need to be able to find peer-reviewed research 
articles, trade magazine articles, conference papers, and books. They also need to 
know the importance of each type of material and when it is important to use a par-
ticular format. Articles in trade magazines, not so important in non-sciences and non-
technology disciplines, are very important for engineers. At various times, engineers 
also need to know how to find technical data (mostly found in handbooks), technical 
standards, patents, and manufacturers’ (trade) information. “Gray literature” is hard 
to define, but includes such formats as technical reports and government reports. 
Business and company information is important for engineers who want to become 
entrepreneurs. The Internet has been a boon to engineers, but with information over-
load comes the importance of critically evaluating information. Web 2.0 resources 
have added to the complexity of the situation.

Engineers are usually searching for the most recent articles (within the last 5 
years is the rule of thumb) on a given topic. However, there are subtle differences 
and nuances between the various engineering disciplines: civil engineers are more 
likely to use older material (for instance to study bridge failures), whereas computer 
engineers generally only use the most up-to-date material. Civil engineers need to 
know about government publications, whereas they are of less importance to elec-
trical or computer engineers, and so forth. Conference papers and proceedings are 
extremely important to computer scientists and engineers since their field expands 
at lightning speed, and the most important developments are often first reported at 
conferences.

Given the vast array and variety of materials, it is impossible to develop skills in 
finding and using all the material in one library session. A sequenced IL program is 
the best way to introduce these materials as appropriate for research assignments. 
The senior thesis or capstone design project is often the place that all these elements 
are brought together in a PBL environment.

It is a known phenomenon, that without guidance, students tend to search only the 
Internet for research material for their research papers. Teaching faculty and librar-
ians make good partners—not only in satisfying ABET 3i but also in weaving some 
of the other Outcomes (communication, teamwork, etc.) into a research assignment.

Choosing Term Paper Topics

Finding interesting and engaging research topics is more of a challenge for the 
freshmen undergraduate engineering students than for their counterparts in other 
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disciplines given the emphasis on problem-solving and laboratory work in the engi-
neering curriculum. The easy way out for the instructor and librarian is to come up 
with a set of topics and then ask students to choose from them (Hoover dam, chan-
nel tunnel, or more specific topics such as rapid prototyping or SI/versus Imperial 
units are good examples). Another approach could be short term papers on such 
topics as the history of invention/inventors or on the theme of “How things work.” 
In a class of 30 students—even working in teams—the situation often occurs that 
student teams pick the same (easiest) topics. If students are left free to choose their 
own topic, they frequently choose very broad topics such as civil engineering or aer-
ospace, or they simply struggle with finding a suitable topic, before they can even 
tackle the task of conducting a literature search.

Faculty and librarians are eager to expose students early in the program to the 
exciting world of engineering. Finding such a list can be challenging. One method 
that has worked very well at CSULB (California State University—Long Beach) in 
the multisection ENGR 101 (course Engineering 100) course is based on the very 
short articles that are published in the ASEE magazine PRISM under the section 
“First Look,” previously called “Briefings,” http://www.prism-magazine.org/. PRISM 
is not the only source that publishes short articles on innovative, cutting-edge devel-
opments in engineering, but it is used here for illustrative purposes. “First Look” 
reports on recent, cutting-edge developments worldwide in industry and research 
institutions. Each of these is packed with information written in nontechnical lan-
guage, placing it in a societal and global context.

To alleviate some of the issues previously mentioned, in our program we down-
load several articles, categorize them under broad headings (e.g., civil engineering, 
computer science, energy, alternative energy, transportation, and so on) place them  
in “folders” in the Learning Management System (LMS) and have student teams 
pick a topic (once picked it is off-limits to other teams). Almost all of the articles 
are interdisciplinary (many are in the biomedical and environmental fields) giving 
students insight into the range of activities with which engineers are involved. This 
also illustrates to students the importance of their science curriculum and that once 
they graduate they will be working shoulder to shoulder with professionals in related 
fields.

The team uses this article as a jumping-off point to research the topic and write 
a term paper and presentation. They are required to cite at least five peer-reviewed 
articles in their team term paper. Refreshingly, freshmen engineering students meet 
the challenge of this assignment well! They have to first understand the article, 
extract the main points, come up with a set of key words, connect them with Boolean  
operators and construct search statements, and then search appropriate library data-
bases to find peer-reviewed articles. This process requires a higher level of critical-
thinking skills than is usually required for freshmen term paper topics. Since each 
article is unique, each team has a different set of challenges. An interactive session 
(often with the use of personal response system, iClickers) is used to discuss the 
article.

This assignment has been used for three semesters to date and the faculty report 
that the term papers and presentations are a much higher quality than previously. 

http://www.prism-magazine.org/
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(Usually there are 12–15 sections of ENGR 101: 30 students per class and 5–6 fac-
ulty members teaching.) In fact, the idea has been floated that a poster session should 
be organized at the end of the semester with prizes.

Engineering faculty and librarians are finding creative ways to incorporate IL into 
their engineering curriculum. For instance, Van Treuren (2008) confirms that fac-
ulty have no trouble understanding and appreciating the ABET Outcomes covering 
lifelong learning and societal and global issues, but they have difficulty incorporat-
ing these into an already crowded curriculum that needs to cover engineering fun-
damentals. He incorporated these elements—into a heat transfer class, even—with 
students making short presentations on contemporary issues related to energy pro-
duction. Extra credit was given to students who used the research materials available 
via the library and did not rely solely on the Internet. Riley and Piccinino (2009) 
describe an impressive program at Smith College incorporating substantial elements 
of IL into a second-semester first-year mass and energy balance course that uses life-
cycle assessment (LCA). The faculty member further reinforced the librarian’s role 
by assigning readings on IL and conducting a class discussion on IL in the broader 
context of intentional learning and reflective judgment. The course laid the frame-
work for additional IL instruction throughout the engineering core curriculum and in 
the capstone design clinic.

“Citation Analysis” would be the best assessment tool for traditional term paper 
assignments (see Chapter 7).

IL in Design Projects

Chapter 5 described the design process in detail, and it was established that the 
optimum time to insert IL into a student’s education is in the conceptual design 
phase when solutions are being generated and explored and data is being collected. 
Librarians can enhance the conceptual design phase by pointing out information 
resources that may spark creativity leading to other avenues and ideas. This could 
also be called informally the “brainstorming” phase. This section illustrates how 
IL elements can be incorporated into the conceptual phase of design projects in the 
engineering curricula from freshman to capstone/senior design projects.

In passing, one should observe that generally librarians are more accustomed 
to teaching traditional sessions in which they show students how to find citations 
and research materials for specific topics. These can perhaps be categorized as well-
defined or finite problems: the topic is outlined, key words are selected, and databases 
are searched to find information. This is an important skill in the context of engineer-
ing or any discipline. However, design projects are by their nature ill-defined problems 
with many possible solutions. This presents challenges for librarians, but with collab-
oration and discussion with engineering faculty, librarians can weave in IL elements 
using a myriad of information resources to assist in the process. Students must have or 
develop an understanding of basic engineering principles and then evaluate and utilize 
a variety of information resources to judge their appropriateness for the task at hand.
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Freshmen Design Projects

Elements of the design process are incorporated into different parts of the engineer-
ing curriculum in 4-year degree programs and community colleges. As mentioned 
previously, critical thinking is an essential part of the design process so IL is a natu-
ral ally to enhance and support the creative basis of innovation and design. There is 
some evidence that introducing the design process early in the program is an impor-
tant tool in student retention. Increasingly, more programs are incorporating a sim-
pler design assignment into the freshmen program, recognizing the fact that many 
engineering students most likely selected this major because they are creative and 
like to build or design objects. It is well worth quoting Felder again here: “… not to 
extinguish the creative spark in our students” (Felder, 1987).

A typical freshmen design project is one using a mousetrap as a source of energy 
to power a small vehicle or device. Alternatively, faculty frequently purchase com-
mercial design kits and distribute them to students for designing such things as a 
robotic arm that can pick up (for instance) ping-pong balls. Other simple projects 
include designing a device to perform a household task or designing an educational 
toy. A drafting or engineering design course could incorporate a project to design 
(for instance) a dorm room. A very interesting example—and there are many—is 
one from Northwestern University in which faculty in the Engineering Design and 
Communications (EDC) course (a required course for all engineering students) have 
developed a curriculum based on real-world design problems (Ankenman, Colgate, 
Jacob, Elliot, & Benjamin, 2006; Hirsch et al., 1998). EDC is designed and taught by 
faculty from both the engineering school and the university’s writing program, and 
students work in small teams to tackle real-world design problems brought to them 
by individuals, not-for-profit organizations, entrepreneurs, and industry. Students 
learn about the design process; about written, spoken, and graphical communication; 
and about teamwork and collaboration.

MacAlpine (2005) provides an excellent strategy for librarians:

As is my custom with library instruction, I assumed the role of a student, described 
a problem that was prominent in my life (excess dog fur all over the house), and did 
the research to help develop my solution (a vacuum cleaner to use on pets).

So, one of the best ways for a librarian to teach how to incorporate IL into the 
design process is to come up with their own invention and illustrate how to use 
library resources—even if the idea is a little far-fetched. 

Using MacAlpine’s idea, see Appendix for an “invention” by one of the authors 
(Ramachandran) of this book to illustrate the point. The Appendix outlines a prob-
lem statement and a possible solution/invention an inventive (far-fetched or even 
crazy) idea, but serves a purpose to illustrate the design process and the use of 
library and information resources. And history shows that some ideas are far-fetched 
when they are first “invented.” The librarian’s description is greeted with “rolling 
eyes,” guffaws and smiles—it is alright if it serves a purpose! Library orientations 
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for design projects generate lively discussion as students in the class brainstorm 
using their critical-thinking skills on the characteristics of materials and components. 
There are reference materials and handbooks that can be consulted that provide char-
acteristics and specifications for a variety of materials. Below are three examples of 
handbooks that can provide information on materials with certain characteristics and 
ideas on how to tether the material to the floor:

l Handbook of Materials for Product Design
l Marks’ Standard Handbook for Mechanical Engineers
l Grippers in Motion: The Fascination of Automated Handling Tasks.

A search was conducted on the "invention" in the Proquest database, which was 
the most appropriate database available at PCC (Pasadena City College); however, 
any business database, such as ABI Inform, would be the best place to start to deter-
mine whether someone has invented something similar to the proposed invention or 
if there is something similar on the market. In this case we are looking for journal 
articles, not only in scholarly journals, but also in trade journals and magazines.

Describing your invention is the most challenging part of the exercise. 
Brainstorming about key words resulted in: umbrella, bubble, and tent, among other 
descriptions. Proquest revealed that hospitals use something similar as portable oper-
ating units for isolating patients; however nothing similar was found for the library 
market. If we really wanted to pursue our invention, we could approach the manu-
facturers of the hospital “tents” to find more detailed specifications about their prod-
uct. Databases in the library field were also searched, since this invention would be 
for use in libraries. Students were instructed to keep a record of the articles and in 
particular company names and product details. A search of US patents was also con-
ducted; Google Patents http://www.google.com/patents offers a very user friendly 
way to search for US Patents. Using a research log would be the best way to keep 
track of research and can be used for assessment (see Chapter 7). To support such 
a program to its fullest, more than the typical “one-shot” session would be required 
(Okudan & Osif, 2005).

To conclude this session, it was gratifying that the PCC engineering faculty mem-
ber liked this idea so much that he followed up with a “site visit” to the library to 
analyze the issues with the class.

IL and Capstone Design

The accrediting body for engineering—ABET—requires programs to have a culmi-
nating capstone design experience, so almost all 4-year engineering programs in the 
United States culminate in a capstone or a senior design course. Meyer’s introduction 
in his chapter, entitled “The Capstone Experience at the Baccalaureate, Master’s and 
Doctorate Levels” in “Designing Better Engineering Education through Assessment” 
(Spurlin et al., 2008), provides an excellent framework for understanding the nature 

http://www.google.com/patents
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of the capstone experience. He describes the experience in the following way:

Often called a “capstone design” or “senior design” course, the culminating design 
experience in an undergraduate engineering curriculum assists undergraduates as 
they transition from students of theory to practicing engineers. It is in this setting 
that they begin to truly understand the relationships between different aspects of 
their chosen engineering disciplines, as well as the necessary balance between sci-
entific theory and design practice. (p. 286)

Meyer quoting Gravander, Neeley, and Luegenbiehl (2004):

The major design experience needs to introduce students to the messiness of the 
“real world,” a sense of ambiguity, unconstrained variables, and a direct impact on 
the world’s social and economic fabric.

Gesink and Mousavinezhad (2003) give us more clarification: “It would be a 
project that would require the development of a component, product, or system that 
has the potential for satisfying a real need.”

These courses are rigorous, usually team based, frequently spread over two 
semesters, and require students to design a product, device, or process and to assess 
many of the ABET Outcomes a–k. The teams stay together for the two semesters, 
forming a tight-knit group. It has been suggested that the capstone design course at 
the end of the 4-year degree program is as close a match as we can find to simu-
late how a design team functions in industry. The design team experience is the clos-
est facsimile to what engineering students will encounter when they start working 
as engineers. This experience is even more important for students who were unable 
to participate in an internship. Given this scenario, there is no better opportunity for 
librarians to have a final opportunity to teach IL, critical-thinking skills, and create 
lifelong learners—in short a capstone IL component. To add to the real-life aspect 
of the capstone experience, engineering faculty around the country have been devel-
oping innovative additions to the basic concept. Kasarda, Brand, and Brown (2007) 
have added a mini-internship and service-learning component. Shaeiwitz and Turton 
(2003) introduce a lifelong-learning dimension to the experience.

Van Fleet and Hanyak’s conference paper (2000) reports on a senior capstone 
course “Process Engineering” at Bucknell University, which places emphasis on 
process design. Since 1990, library research has been a significant component of 
the course, with student teams meeting with the librarian throughout the course. The 
project involves designing a safe, efficient, and profitable process for the dehydro-
genation of ethyl benzene to styrene monomer with a series of written reports on 
the chosen process design being a major course outcome. As can be imagined, the 
research process has evolved radically over the course of teaching this course with 
the advent of technology and in particular the Internet.

Weiner’s (1996) article describes a program at MIT (Massachusetts Institute of 
Technology) that provides us an excellent model for supporting the IL elements 
of a capstone or senior design project. Weiner describes how a team of engineer-
ing librarians at MIT became key components in a capstone mechanical engineering 
design course. In essence, librarians became members of the team: attended lectures 
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and became “information agents.” Using the article as a jumping-off point, some-
thing similar was proposed at CSULB as a pilot project.

After some brief discussion with the aerospace faculty member teaching the cap-
stone course, it was decided that in addition to the usual orientation that had been 
done the previous years, the librarian would attend three subsequent laboratory ses-
sions and work with each of the teams when they were at the design concept stage. 
The pilot worked extremely well—even better than was expected. Each team shared 
with the librarian the synopsis of their project. At the lab sessions, the librarian  
visited each team and offered her advice and services to them. The information 
needs of each team were quite varied and depended on their project. Their questions 
ranged from simple requests (how to place inter-library loan requests) to how to  
find military specifications, or the market for (example) unmanned aerial vehicles. In 
addition, the librarian was proactive and guided students to specific areas to research 
for information as described in the article by Okudan and Osif (2005), even func-
tioning at times as an impartial observer interpreting and refereeing issues between 
team members that had ramifications in terms of IL. Many team members also con-
tacted the librarian for assistance outside of these sessions. The librarian witnessed 
firsthand as students grew immensely in their understanding of key information 
resources. Yet again it is proof that IL skills develop greatly when they are applied 
to real-life projects, thereby improving the lifelong-learning skills of engineers. This 
pilot project continues and will hopefully result in a future journal article.

Entrepreneurship

Capstone, senior, and product development courses lead nicely into the subject of 
entrepreneurship. Engineers are excellent at innovation but not so adept at selling 
or marketing their products. Many academic programs have courses in entrepreneur-
ship, as well as informal opportunities for developing entrepreneurship skills through 
clubs, networking groups, and competitions to bridge the skills gap. Ramachandran, 
Toot and Smith (2002) presented a paper, at the Special Libraries Association Annual 
Conference, on the development of programs to match the entrepreneurial climate 
on the California Institute of Technology (Caltech) campus, http://resolver.caltech.
edu/CaltechLIB:2002.004 Students, at that time (2000–2001) were starting their 
own companies and needed to acquire knowledge and skills in business techniques. 
The engineering and science librarians noticed this trend and started by supporting 
a newly developed course on eBusiness with extensive web site and library instruc-
tion, drop-in workshops for the larger community, and resources for the library. 
Also at the same time, Caltech and the Art Center were awarded an NSF grant to 
support an innovative Entrepreneurship Fellowship Program (EFP). The EFP was a 
perfect intersection between engineering, design, and business (student teams were 
chosen from Caltech and the Art Center). The librarians worked with the teams 
over a 9-month period. It was the ultimate experiment in developing entrepreneur-
ship and lifelong-learning skills. Librarians observed firsthand how students not only 

http://caltechlib.library.caltech.edu/36/.Students
http://caltechlib.library.caltech.edu/36/.Students
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acquired, but also mastered information skills in engineering and business. Many 
went on to become successful entrepreneurs.

Many librarians have seized the opportunity to work with entrepreneurship 
courses since it is the perfect place for the coming together of all the skills that engi-
neers need to have to be successful in their chosen profession. Drew (2007) reports 
on a very successful collaboration between the library and the Collaborative for 
Entrepreneurship and Innovation at Worcester Polytechnic Institute (WPI). Feeney 
and Martin (2003) review collaborations between business librarians and sci-
ence librarians in developing IL courses. They continue to describe their own col-
laborative program at the University of Arizona, which provides instruction for the 
Materials Engineering and Design course in which students not only have to design 
a product, but also have to address cost analysis and market research. At a broader 
level, many librarians are reaching out to entrepreneurship initiatives on cam-
pus, as reported by MacDonald, Pike, and Chung in a special issue of the Journal 
of Business and Finance Librarianship (Pike, Chapman, Brothers, & Hines, 2010). 
Encouraging and supporting entrepreneurship programs and initiatives is very impor-
tant for the national and global economy as we struggle with educating the next gen-
eration of innovators.

Appendix

New Product Design Course in the Engineering Graphics Program at 
Pasadena City College

Students had to come up with a novel invention or idea. The class was supported 
with lectures on the design process and product development.

Problem Statement

A chance comment during a library staff meeting was the spark that ignited the 
idea. Noise in certain parts of the library was becoming a problem. Many users had 
understandably commented and complained that they needed more quiet areas in 
the library in which to study. The PCC Shatford Library is one of the most visually 
pleasing libraries in the country and winner of the 2008 ACRL award for Excellence 
in Academic Libraries. However, due to its open design, noises tend to carry and, in 
fact, are even amplified in certain areas. Structural or architectural alterations are out 
of the question due to costs involved. So what can the library do to create a quieter 
environment for the students?

Summary
l Noise in some parts of the library,
l Students need more quiet areas in which to study,
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l Libraries have become louder in recent years due to laptops, cell phones, etc., and
l The library has some quiet areas with study carrels, but it is not enough.

Constraints
l The PCC President wants to preserve the look and “line of sight” in the library, so the 

library is not allowed to add more study carrels.
l There is no budget for architectural or structural changes.

Possible Solution/Invention

Perhaps, we can design something portable—like an “umbrella” or “bubble”—that 
could be checked out at the circulation desk and put over a study desk to create a 
quiet environment.

What are the characteristics of the material to be used in the “Umbrella” or 
“Bubble”?

l Material should be light/portable,
l Should it be opaque or transparent?
l It should allow the person to breathe!
l It should allow in light, but not noise (may be the biggest challenge?),
l The material should be such that it can be collapsed, folded, stacked, and easily 

inflatable, and
l How will it be tethered to the floor?
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Information Literacy and 
Assessment

7

Introduction

Immense strides have been made since the 1980s in library instruction and more 
recently in the assessment and development of tools to measure its effectiveness. 
The landmark event was the establishment of the “Information Literacy Competency 
Standards for Higher Education,” approved by the Board of Directors of the 
Association of College and Research Libraries (ACRL) in 2000 at the Midwinter 
Meeting of the American Library Association in San Antonio, Texas. It was the 
first step in defining learning outcomes for information literacy (IL). These stand-
ards were also endorsed by the American Association for Higher Education (October 
1999) and the Council of Independent Colleges (February 2004). The standards have 
been discussed in detail in Chapter 4.

The ACRL maintains a web site that tracks research and best practices in this 
field. The “ACRL Bibliography of Citations Related to the Research Agenda for 
Library Instruction and Information Literacy,” http://www.ala.org/ala/mgrps/divs/
acrl/about/sections/is/projpubs/bibcitations.cfm, is a supplement to the “Research 
Agenda for Library Instruction and Information Literacy,” http://www.ala.org/ala/
mgrps/divs/acrl/about/sections/is/projpubs/researchagendalibrary.cfm. It provides a 
list of publications and resources to advance librarians’ knowledge of issues related 
to learners, teaching, organizational context, and assessment. The Bibliography was 
originally compiled in 2003 and is updated biennially (the last update was in 2010).

Based on the ACRL standards mentioned earlier, the Science and Technology 
Section of ACRL developed 5 standards and 25 performance indicators for IL in 
Science & Engineering/Technology to recognize the unique challenges in the sci-
ence, engineering, and technology disciplines in evaluating, acquiring, and using 
information. Each performance indicator is accompanied by one or more outcomes 
for assessing the progress toward IL of students of science and engineering or tech-
nology at all levels of higher education (http://www.ala.org/ala/mgrps/divs/acrl/
standards/infolitscitech.cfm; also discussed in Chapter 4).

Suffice it to say that the standards provide librarians with a framework and 
springboard for developing and assessing programs and students. Armed with the 
ACRL standards, librarians have been actively working on developing learning out-
comes and assessment tools. The ACRL standards have been a boon to librarians 
as a vehicle for communication and discussion of learning outcomes with teaching 
faculty.

http://dx.doi.org/10.1016/B978-0-12-385214-4.00007-6
http://www.ala.org/ala/mgrps/divs/acrl/about/sections/is/projpubs/bibcitations.cfm
http://www.ala.org/ala/mgrps/divs/acrl/about/sections/is/projpubs/bibcitations.cfm
http://www.ala.org/ala/mgrps/divs/acrl/about/sections/is/projpubs/researchagendalibrary.cfm
http://www.ala.org/ala/mgrps/divs/acrl/about/sections/is/projpubs/researchagendalibrary.cfm
http://www.ala.org/ala/mgrps/divs/acrl/standards/infolitscitech.cfm
http://www.ala.org/ala/mgrps/divs/acrl/standards/infolitscitech.cfm
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Interestingly enough, for our study, in the same year that the ACRL standards 
were launched, Engineering Criteria 2000 (EC2000) resulted in the launch of the 
ABET Program Outcomes or as they are usually referred to as “Criterion 3a–k.” Of 
them, Criteria 3i is the “recognition of the need for, and an ability to engage in life-
long learning” providing engineering librarians an additional vehicle for discussions 
with faculty on the importance of IL as a vital tool for addressing Criteria 3i. The 
ABET Program Outcomes are covered in detail in Chapter 3.

Categorizing the different assessment tools is a challenge. Young and Ackerson 
(1995), reporting on Kirk’s 1975 study, summarize his study. It states that research 
and evaluation of bibliographic instruction (library instruction) methods falls into 
three main groups (numbered for convenience):

1. The content of the instruction (i.e., whether or not the content of the material presented 
was learned) as measured by test scores,

2. The process of a bibliographic search (i.e., the steps students go through while researching 
term papers) as measured by search logs or librarian observation, and

3. The product of the search (i.e., the term paper bibliography) as measured by the quality or 
quantity of references or the grade received on the paper.

Young and Ackerson (1995) suggest a fourth area:

4. Student self-reporting on attitudes toward the library (as reported in some search log 
techniques).

Although these studies are dated, they still provide an excellent way of categorizing 
the evaluation of library instruction and are a starting point for further analysis and study.

As can be seen from the ACRL web site, librarians have been actively researching 
in this area and have published some excellent books on IL assessment (too many to 
list here) and we mention only a few as examples or starting points. The ACRL site 
provides a comprehensive listing. Radcliff’s (2007) book is—as its name suggests—
a practical guide to IL. It provides detailed descriptions of the major assessment 
tools, with excellent examples, and then provides the process for analyzing the data. 
Radcliff provides us a good summary of the whole gamut of assessment tools:

l Informal Assessment Techniques
l Classroom Assessment Techniques (including minute paper, muddiest point, pre-assess-

ment, classroom response systems, defining features matrix, and directed paraphrasing)
l Surveys
l Interviewing
l Focus Groups
l Knowledge tests
l Concept Maps
l Performance Assessments
l Portfolios

Avery’s (2003) edited book provides examples for assessing student learn-
ing outcomes for IL instruction in a variety of disciplines. Neely’s (2006) book 
“Information Literacy Assessment: Standards-Based Tools and Assignments” pro-
vides step-by-step guides to integrating the ACRL standards into assignments. 
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Jacobson and Xu’s (2004) book is an excellent complement to these books and pro-
vides tips on motivating students in semester-long IL courses, but also has good tips 
for all instruction librarians.

Before we consider specific assessment methods, we need to understand the envi-
ronment within which most academic librarians conduct instruction. (See Chapter 6, 
section on “One-Shot Library Instruction” for a description of the instructional envi-
ronment of academic librarians.)

For the remainder of this chapter, we will highlight four assessment tools that are 
specially suited to the assessment of IL in engineering.

Evaluation of Bibliographies/Citations

In this section we will address the category outlined by Kirk:

l The product of the search (i.e., the term paper bibliography) as measured by the quality or 
quantity of references or the grade received on the paper.

Ackerson and Young (1994) provide us an excellent survey from the literature (as 
of 1994) of the different criteria to evaluate the quality and quantity of references 
in students’ bibliographies. Many of the criteria reported by them still apply today, 
although now librarians have the added challenge of taking into account Internet 
resources as well as Web 2.0 resources:

l Quantity of sources
l Format
l Currency
l Type of source/variety
l Relevance to topic
l Level of source
l Quality/By recognized authority

Some of these criteria are determined by the requirements of the assignment. For 
instance, research assignments frequently specify that students can only include n 
number of Internet sources in their bibliography or can only use peer-reviewed jour-
nal articles and they should have been published in the last 5 years. Instructors have 
had to specify “type of source” since the Internet has become so ubiquitous and left 
to their own devices, students will write an entire research paper only using Internet 
resources (supported by evidence and anecdotes).

As an assessment tool, the evaluation of bibliographies (citations) falls within the 
category of “performance assessments” as defined by Radcliff. It is the systematic 
assessment of the products of students’ performance and all curricula provide us  
with many opportunities for performance assessments: bibliographies, essays, pres-
entations, research journals, and term papers, among others (figure 11.1 of Radcliff, 
p. 116).

This helps librarians gauge whether their instruction is on target or whether 
some adjustments need to be made in subsequent sessions. Engineering librarians in 
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particular have been very successful in collaborating with faculty and this chapter 
will provide some illustrations.

As collaboration between librarians and faculty has grown, librarians are becom-
ing more comfortable requesting permission from faculty to view term papers and 
also to assist them in grading the bibliography section of research papers. This must 
be planned out in advance. The librarian must follow campus guidelines if he or she 
is officially assisting faculty in grading papers. Faculty can arrange for librarians to 
review papers after the grades have been submitted and the names of the students 
have been removed. If it is anticipated that this will turn into a research project that 
will be published, librarians must go through their campus institutional review board 
(IRB) department.

Some interesting observations can be made about some of the criteria outlined 
by Ackerson and Young with particular reference to student research assignments in 
engineering:

Currency:
Generally speaking in engineering we want to include the most up to date (last 

five years is the rule of thumb) research in an area. This is particularly true in the 
case of computer science and electrical engineering; however, in civil engineering 
and mechanical engineering older material can still be valid and appropriate for a 
research task. Frequently the requirements in terms of date are spelled out in the syl-
labus. For instance: study of a bridge failure or environmental disaster has to start 
with the date of the disaster and move forward.

Type of Source/Variety:
The appropriateness of the type of source and variety can vary depending on the 

discipline and research topic in engineering. Peer-reviewed articles are considered 
the premier and most important source and are given the highest score in terms of 
evaluation. Books may be considered the next most important source in terms of 
providing the “big picture” on a topic. In some engineering disciplines (electrical 
engineering and computer science in particular) conference proceedings provide the 
most important information resource next to peer-reviewed articles. Articles in trade 
magazines are very important in all disciplines in engineering (in contrast to humani-
ties for instance). Government resources are important for the civil engineer but 
may hardly ever be used by the other engineering disciplines. Standards and speci-
fications are important for all the disciplines. Patents are another important resource 
especially for design projects. For lower level undergraduates, it is important to 
stress peer-reviewed journals, books and government resources if appropriate; other 
types of sources are added as they progress in their academic program ending with 
the use of all resources as needed in the senior design/capstone project. Graduate 
students need to understand the breadth and depth of all the resources and its appro-
priateness for their research.

Quality of Source:
In terms of quality of sources, the well-established criteria can be generally 

applied to all sources—who, what when. In other fields, students are often instructed 
to avoid .com or .org sites, however in the case of engineering this is not always pos-
sible if one is looking for information about a company, industry or non-profit agency.
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Quantity of Sources:
This depends on the type of assignment. Is it a lengthy term paper? Is it a thesis? 

In those cases we would expect to see a good number of citations. There are some 
types of assignments in which there may not be many references and that would be 
acceptable. For instance, a technical briefing on a new or emerging technological 
development may only have a few references in the literature. Description of a proc-
ess may have even fewer and those may be in handbooks or other technical material. 
It may prove to be a challenge to find citations on a case study on an ethical issue in 
engineering. Design projects bring about their own set of challenges and sometimes 
the student will have difficulty in finding appropriate sources. The only way the 
librarian can verify this is by recreating the search themselves or use another assess-
ment tool such as research logs (discussed later in this chapter).

Assessing the Citations

A simple checklist can be used to assess the citations which indicates that the criteria 
have been met but it does little to measure the quality of the product. A checklist pro-
vides better results if a rating scale is added.

To use an example from Radcliff the rating scale for quality of citation style may 
look like this:

Superior  
A

Very Good  
B

Acceptable  
C

Borderline  
D

Unacceptable  
E

Reference list 
uses proper 
APA citation 
style

Rubrics are better tools since they “provide a way of measuring the degree to 
which a particular skill has been mastered, used or incorporated into a bigger proc-
ess. A rubric detailed descriptions of how separate parts of products or performances 
will be assessed and assigns a score to each part” (Radcliff, p. 124). A rubric is made 
up of three components: criteria, indicators of quality and scoring technique. Using 
an illustration from Radcliff and adapting it to engineering:

Requiring students to provided annotations for their bibliographic entries would 
help the librarian or instructor in assessing the “Authority” criteria (especially help-
ful in the case of large classes) as well as help students improve their skills in sum-
marizing or synthesizing information.

Ackerson and Young’s collaboration yielded some of the early research in the area. A 
review of the literature reveals that engineering librarians have been actively developing 
and refining this assessment method; a few are mentioned here for illustration purposes.

Fei, Sullivan, and Woodall’s (2006) project analyzed the bibliographies of first, 
second, and fourth year chemical engineering students’ project reports to identify 
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5 4 3 2 1 Score

Currency/
relevancy

Your sources are  
current (within the  
last five years) and 
highly relevant to  
the topic of 
nanotechnology

Your sources are  
current (within the  
last five years) and  
mostly relevant to  
the topic of  
nano-technology

Most of your  
sources are  
current (within  
the last five  
years) but a  
few are  
questionable  
relevance to  
the topic of 
nanotechnology

Some of your  
sources are  
current (within  
the last five  
years) and less  
than half are  
relevant to the  
topic of  
nanotechnology

Your sources  
are not current  
(older than the  
five years) and  
only a few, if  
any are relevant  
to your topic of 
nanotechnology

Authority You identify the  
author(s) of your  
sources and they  
are credible experts  
in engineering

You identify the  
author(s) of your  
sources and most  
of them are  
credible experts  
in engineering

You identify the  
author(s) of  
most your  
sources and  
some of them  
are credible  
experts in  
engineering

You identify the  
author(s) of some  
your sources  
and a few of  
them are credible  
experts in  
engineering

You identify the  
author(s) of few,  
if any your sources  
and their credibility  
as experts in  
engineering is in  
doubt or unclear
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students’ strengths and weaknesses in terms of items cited, the variety of items cited, 
and the correct use of citation style. The results show that upper level students cited 
more items (books and journal articles) in total than did lower level students. Not 
surprisingly, web sites were cited by all three groups, and in the case of first-year 
students these were the most frequently used sources: the main challenge for all 
librarians. All students had problems with citation style. The main conclusion is that 
faculty and librarians have to change the emphasis of sessions from finding to inter-
preting and citing information.

Gadd, Baldwin, and Norris (2010) reported on an in-depth analysis of the bibliog-
raphy of 47 final-year projects written by civil engineering students at Loughborough 
University (England) and found a strong correlation between the grades for the 
project and the quality of the literature review. They analyze the number, age, and 
type of references cited, in addition to an investigation into the quality of the biblio-
graphic citations themselves. The authors make recommendations as to how IL teach-
ing relating to the literature review may be improved, mostly in terms of improving 
the accuracy of citations, impressing upon the students the need to use more current 
and credible references and to improve the quality of citations. A common problem 
in engineering is the lack of a common citation style, and the authors make the valid 
point that academic departments need to develop an in-house style.

Mohler’s article (2005) reports the results of citation analysis at Wichita State 
University of freshman engineering bibliographies to assess the effectiveness of 
library instruction. Adjustments in instruction were made based on the results of the 
study. Edzan (2008) reports in a similar study, analyzing the citations of final-year 
students in the Computer Science and Information Technology department of the 
University of Malaya.

Denick, Bhatt, and Layton (2010) explored “the assessment of first-year engineer-
ing design students’ information literacy skills in order to refine existing methods 
and library instructional strategies.” The authors analyze the references cited in terms 
of citation style, quantity, resource type, and currency of citations in first-year engi-
neering design reports from Drexel University’s Introduction to Engineering Design 
program during the 2008–2009 academic year. From a sample of 234 citations, 38% 
of references were classified as web sites, 28% of references were journal articles, 
and 12% of references were books. The results correlate to similar studies. The 
results of this study were compared to previous assessment efforts and aligned to the 
ALA/ACRL/STS Task Force on Information Literacy for Science and Technology’s 
Information Literacy Standards for Science and Engineering/Technology.

Citation analysis is an excellent method of assessing the effectiveness of library 
instruction for all types of instructional sessions from “one-shot instruction” to 
semester-long projects in engineering. In multisection courses, giving orientations to 
a few sections and not to others and then comparing the results of the citations may 
yield some interesting results.

Librarians who decide to do this must make arrangements with the faculty at the 
beginning of the course so they can view the papers after the grades have been sub-
mitted. In an ideal situation, the librarian would assess the citations and it would be 
part of the final grade.
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As librarians, in particular engineering librarians, conduct further research, it will 
add to our knowledge of student skills and inform and refine our instructional methods.

Research Logs

We have a habit in writing articles published in scientific journals to make the work 
as finished as possible, to cover all the tracks, to not worry about the blind alleys or 
to describe how you had the wrong idea first, and so on. So there isn’t any place to 
publish, in a dignified manner, what you actually did in order to get to do the work.

Richard P. Feynman, Nobel Lecture (1966);  
http://www.gap-system.org/~history/Quotations/Feynman.html

The quotation by Feynman is also true for information research. The librar-
ian cannot see the steps that the student took in conducting research. The librarian 
cannot be sure that all appropriate resources were used or at the least attempted 
and what search strategy was used. One of the solutions to remedy this situation is 
the use of research logs. Research logs would fall in category two according to the 
framework that Ackerson and Young reporting Kirk’s research outlined:

The process of a bibliographic search (i.e., the steps students go through while 
researching term papers) as measured by search logs or librarian observation.

Librarians have begun to use research logs as a method of evaluation and assess-
ment as can be seen from a search of the Internet; however there appears at present 
to be a lack of published research in this area. 

Tarleton University librarians offer us this information:

Research Logs help researchers formulate searches, modify searches, choose the 
best search tools, plan and organize research time, document resources, and retrace 
steps when needed. No matter which search tool is used, keeping a research log that 
records research activities (sources, search terms, and outcomes) is a good idea. 
When creating a research log, you should keep track of:

l dates when you search,
l where you search (places and the search tools you use),
l search terms and strategies you use,
l types of materials you find,
l ideas to use during the next research session,
l and other notes that will help your research time be more productive.

This example research log shows the basic categories of information that are 
usually recorded.

However, this log will not fit all research activities and should be adjusted 
accordingly.

From http://www.tarleton.edu/departments/library/
library_module/unit3/3log_lm.html

http://www.gap-system.org/&#x0007E;history/Quotations/Feynman.html
http://www.tarleton.edu/departments/library/library_module/unit3/3log_lm.html
http://www.tarleton.edu/departments/library/library_module/unit3/3log_lm.html
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City University of New York offers us another excellent example:

A “research log” is a record of the process by which your research was undertaken, 
along with documentation of both positive and negative results; think of the logs 
as diaries of your research process, listing the sources you consulted (even if they 
didn't yield anything) and the library resources utilized. To document your research, 
you should submit a photocopy of the relevant pages of any consulted works (in the 
case of longer pieces, a copy of the first page of the relevant section will serve), 
along with the full citation for each source consulted. The log should also include a 
list of search terms used (in the case of library-based research, a list of used terms 
as well as the Library of Congress subject designations; for archive-based research, 
the NUCMC listings as well as information about available in-archive finding 
guides or related collections; for web-based research, the search terms entered into 
internet search engines as well as the names and URLs of the engines used). There 
is no word-limit on logs, but your logs should satisfy the professor that you have a 
command of basic research methods in history, and that you have sought corrob-
orative evidence for your research even if you don't find much. Your grade on the 
research logs will be based at least in part on your efforts and your diligence, rather 
than solely on your results.

From http://www.library.csi.cuny.edu/dept/history/
lavender/researchlogging.html

To summarize: the main characteristics of a research log are:

l Helps to formulate a search plan,
l Documents the search process,
l Facilitates recordkeeping: important for research spanning several weeks,
l Records the results of searches,
l Records unproductive or unfilled searches,
l Illuminates and reveals gaps in the research plan,
l Records time spent on research,
l Organizes the research process, and
l Ultimately standardizes, organizes, and makes the process efficient.

The research log as an assessment tool is best suited for longer research projects 
and in particular for design projects in engineering. As mentioned in a previous sec-
tion, in the case of design classes (lower level and capstone courses), there are often 
negative and unproductive searches. Students will observe firsthand that research is 
not linear, leads us in unexpected directions and is frequently iterative. The process 
mirrors as close as is possible the situation that students will face as working engi-
neers. Hopefully, becoming accustomed to the process as part of the curriculum will 
translate into good research habits in the workplace.

For the librarian, research logs offer a rich area for assessment. The librarian has 
an opportunity to observe the critical-thinking skills (or lack thereof) that students 
employ in the research process. What key words and subject terms did they use? 
What resources did they use or try? Which resources did they prefer? How much 
time did they spend on tasks? As mentioned, on the CUNY web site, students’ grades 

http://www.library.csi.cuny.edu/dept/history/lavender/researchlogging.html
http://www.library.csi.cuny.edu/dept/history/lavender/researchlogging.html
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should be based on their diligence not on the results of their search. Librarians 
should look at the contents of the research logs in a holistic way—did the student 
or student team understand the process of information research? A well-documented 
research log will reveal this.

Research appointments with the librarian or librarians could be required as part 
of the assignment to reinforce and guide the research process of students or student 
teams. However, this depends largely on logistics in terms of librarian workload. Of 
course, librarians are available for individual consultation whenever students require 
it. Rubrics need to be developed to evaluate research logs.

CSULB Experience

One of the authors (Ramachandran) has been collaborating closely with a mechani-
cal engineering faculty (Professor Panadda Marayong) at CSULB to incorporate IL 
into freshmen design projects. Many different projects have been assigned as part 
of the curriculum for MAE101B since 2008. A good example (for instance) was 
to design and build a household appliance that is powered by a mousetrap. Since 
spring 2010, a research log has been used by student teams to record their research. 
Students have to produce a short paper to support their project and presentation; and 
they are required to cite at least five references of which only one can be an Internet 
site. The research logs are part of the final grade. An initial analysis of the data has 
already yielded some interesting results and suggests a need for some adjustments to 
the librarian’s lecture. For instance, searching for “banana peeler” (the invention) in 
an information resource will (most likely) result in no hits but if the banana peeler 
uses the principles of a “pulley” then searching for information on pulleys will give 
students some useful information and results. Students are also asked to rate the 
resource producing some interesting results. The ability to use critical-thinking skills 
to extrapolate and describe the invention in terms of engineering principles is vital 
to conducting appropriate research and is essential in product development, which 
is the heart of the engineering field. The faculty member and librarian are hoping to 
conduct an analysis of student citations and an evaluation of the use of research logs 
and publish their findings.

Worksheets

Worksheets are a simple and useful tool for assessment of student skills and the effec-
tiveness of library instruction. Worksheets are usually used by K-12 teachers, but they 
can be adapted for use in college library instruction, especially for freshmen and lower 
division courses. A worksheet is a one or even half-page sheet that gives students step-
by-step instructions on how to do research (e.g., pick a topic, create a list of key words, 
construct a Boolean statement, search the library catalog, and search databases). It is 
frequently utilized during or immediately after a lecture and demonstration to rein-
force basic principles. It is a known fact that students have difficulty remembering 
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and reproducing the steps in the research process and the use of a worksheet in the 
hands-on portion of the library session helps the student to apply what they have just 
observed. Time permitting, it is easy to employ the use of worksheets for the “one-
shot library instruction” sessions” and allows students to start their research right away. 
Worksheets, simple as they are, offer a lot of advantages in terms of assessment for 
the librarian and faculty. Even an informal observation of the worksheets as students 
complete them during the hands-on portion of the instructional session will give librar-
ians some immediate feedback and will facilitate one-on-one guidance and instruction 
and possibly some further demonstrations to the class based on observance of common 
mistakes. Collaborating with the teaching faculty, it can be used as an in-class graded 
assignment or a take-home assignment contributing to the final grade. The worksheets 
can be easily adapted for different classes at very short notice.

Griffin and Ramachandran (2010) describe the successful use of worksheets 
(adapted from those used at Pasadena City College) for an in-class assignment in an 
IL program for preservice science education teachers.

An example of a worksheet from the University of Nevada, Reno (although it is 
called Research Log) is given in the following web page: http://www.knowledgecenter.
unr.edu/instruction/help/worksheet.html.

Portfolios

According to the author of “A Practical Guide to Information Literacy Assessment for 
Academic Libraries” (Radcliff, 2007), portfolios have the following characteristics:

– Provide an in-depth assessment of how IL competencies are applied,
– Assess skills over time,
– Allow for individual differences in expression,
– Require long-term access to students,
– Require collaboration between student and instructor,
– Require high effort on the part of the student (creation) and instructor (evaluation), and
– May involve complex infrastructure if electronic portfolios are used.

The chapter by Radcliff offers us a good summary of the characteristics of portfo-
lios and guidance on how to implement them. They have been used for some time in 
the K-12 context, but are increasingly being used in higher education at the program 
or institution level. They are a better representation of a student’s accomplishment than 
what is reflected in grades. Many institutions allow students to access their electronic 
portfolios for some time after graduation so that they can use these when they apply for 
jobs. Portfolios are—in essence—a collection of a student’s work (or artifacts as they 
are sometimes referred to) around a theme: in our case it would be the theme of IL. 
One common element is the inclusion of one reflective piece. Although portfolios have 
certain common characteristics, there is not a standard model, and it can be for a single 
class or it can be a record of the student’s learning over a period of time. The elements 
that go into a portfolio are determined by the instructor, together with the librarian(s)— 
the case of IL—and the requirements of a program or institution.

http://www.knowledgecenter.unr.edu/instruction/help/worksheet.html
http://www.knowledgecenter.unr.edu/instruction/help/worksheet.html
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As Radcliff outlines, librarians become involved with portfolios when their fac-
ulty collaborator is using this form of assessment in their course, when the program 
for which they are a liaison requires it, when the institution has made IL assessment 
a component of student assessment (oh happy day!), or when the librarian is teaching 
an IL or library skills course. If portfolios are used for assessment, one will have to 
decide the context and the exact components.

The number of products in a portfolio is generally between four and eight. The 
following are types of assignments that could possibly go into an engineering 
portfolio:

– Annotated bibliography on a topic,
–  A research paper (10–15 pages), which would include a reflective piece on the literature 

review process,
– A research log tied to a design project,
– A technical poster presentation (in power point) on an engineering topic,
– “Technical briefing” on a new/cutting-edge technology,
– Results of a patent search,
–  Information on three companies of interest in the industry in which the student wants to 

work, and
–  A reflective journal or logbook. Critique of articles found in the literature on cur-

rent issues in engineering and science (number of articles to be determined by the 
instructor).

All of these activities require the student to use information-seeking skills in a 
variety of different ways. For each of the activities there should be clear guidelines 
on what is required: the objectives for each element and rubrics. Students will be 
given opportunities at different points in their curriculum to work on each of these 
elements and to finish work on them in a final synthesis-type course.

For the undergraduate engineering program, the use of portfolios offers interest-
ing possibilities. As engineering librarians working collaboratively with their faculty 
map out a sequence of sessions in which to embed IL assignments into the under-
graduate program, they could suggest to the program directors that portfolios be used 
to assess ABET Criteria 3i. The Portfolios could be used for accreditation purposes 
to demonstrate the range of activities that students have engaged in to satisfy Criteria 
3i. The final assessment could be part of a senior design/capstone course or in a pro-
fessional seminar course.

There are many examples of the use of portfolios in the humanities and social 
sciences curriculum, but more recently it is being adopted in the engineering cur-
riculum. The Picker Engineering Program at Smith College—based on the ACRL 
standards and integrating the ABET standards and assessments—uses elec-
tronic portfolios in addition to other assessment tools (Riley, Piccinino, Moriarty, 
& Jones, 2009). A research report titled “Direct Assessment of Information 
Literacy at NJIT: A Portfolio Assessment Model,” http://library.njit.edu/docs/
ILassessmentresearchreport.pdf, provides a good summary of the topic.

Finally, one of the best articles to date is “E-Portfolios and Blogs: Online Tools 
for Giving Young Engineers a Voice” (Carroll, Calvo, & Markauskaite, 2006) 

http://library.njit.edu/docs/ILassessmentresearchreport.pdf
http://library.njit.edu/docs/ILassessmentresearchreport.pdf
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bringing us full circle to the use of e-portfolio tools in the pursuit of lifelong 
learning:

For the engineer, information literacy means being aware of matters of concern 
to the engineering profession that appear daily in various forms of media, such as 
professional journals, magazines, television and the Internet. It includes capabili-
ties to access, locate, manage, integrate and evaluate critically relevant informa-
tion resources as well as to use ethically and create own information. In terms of 
communication capabilities, the engineer must be able to discuss these issues, and 
present their views in a logical and yet forthright manner with their clients, col-
leagues, and members of the community.

Students in the ENGG1803 Professional Engineering course maintained a reflec-
tive logbook as a part of their assessment of an “active intellectual monitoring and 
evaluation of one’s own formal learning and professional practice activities, to 
examine them for new understandings, and to add to the individual’s accumulated 
knowledge and experience.” Students achieved this goal by searching and finding 
an article related to a specific topic in engineering, thereby improving students’ IL. 
This assignment enabled students to gain a better understanding and appreciation 
of the various forms of relevant information, including technical books and reports, 
research articles, and magazines. A written, concise assignment reinforced the sig-
nificance of the article and its importance to the engineering profession.
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Internships8

The generic term “internships” actually includes several other categories, and all—in 
this Internet age—are turning out to be of historic interest.

Cooperative Education

Cooperative education is a term used to describe educational patterns whereby a stu-
dent alternates spending one semester at a college or university with one semester 
in the workplace as an “employee” or “student employee.” Another pattern adopted 
is for a student to be less than a full-time student and to work part-time with an 
employer throughout the academic year.

Both patterns have three characteristics:

l A level of interconnection between the academic program and the work in industry,
l Some type of report or essay on the work experience to be written by the student and 

graded by a faculty advisor and/or a coordinator of the internship/cooperative education 
program on campus and/or the work site supervisor of the student, and

l An increase in the length of time needed for the student to complete the degree program at 
the educational institution.

In the United Kingdom, the term “sandwich course” is used in place of the terms 
cooperative education or co-op education.

Internships

Internships represent work experience in the chosen academic discipline of the stu-
dent part-time during the academic year and/or full time during the summer. There is 
not a great deal of formal connection between the students’ academic department (or 
campus) and the place of employment.

Service learning generally occurs at the course level and the work (read “serv-
ice”) done by the student is the learning experience usually to achieve a learning out-
come from the course and—in the rare case—from the program.

http://dx.doi.org/10.1016/B978-0-12-385214-4.00008-8
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History of Cooperative Education

The history of cooperative education begins with Professor—later President—
Herman Schneider of the University of Cincinnati. The institution gained renown 
for the development of cooperative education (Smollins, 1999). Later, Northeastern 
University developed a strong co-op–based curriculum that—at one time—became 
the core of its educational mission. The formation of the Cooperative Education 
Association, now called the Cooperative Education and Internship Association was 
an important event. A Wikipedia article on cooperative education (Wikipedia, 2011) 
gives the rich history in detail. An article by Patricia Cross (1973) also summarizes 
various issues related to cooperative education.

Core philosophies

The intellectual underpinnings of cooperative education have been well summa-
rized by Kolb (1984). The three main philosophers were John Dewey, Kurt Lewin, 
and Jean Piaget. John Dewey, an educational and social reformer with his theory of 
instrumentalism, thought of truth as a changing entity based on the problem to be 
solved at any time, much in the manner of Buddhism. He sought to bring about a 
unity between the processes of education and actual experience, thus laying the intel-
lectual groundwork for experiential learning. Kurt Lewin, the father of social psy-
chology, contributed through his research on action research and laboratory training 
methods. Finally, Jean Piaget, the rationalist philosopher from France, described how 
intelligence shapes experience. Other notables who have added depth to the theories 
are Carl Jung, Erik Erikson, and humanist Carl Rogers.

Bridging the Gap Between Academia and Practice

The standard practice in cooperative education is to assign the student intern an 
essay-writing exercise in addition to the learning assessments. Since co-op education 
is primarily based on supplementing classroom and lab learning in academia with 
practical learning through an internship, any instruction related to the enhancement 
of the co-op education needs to not only add to the academic knowledge but also 
assist the students in the experiential learning process. Any instruction based on the 
bedrock philosophies of co-op education should be a safe method of enhancing the 
co-op education process.

A short 15 hour instruction program for engineering co-op students at California 
State University, Long Beach, consisted of (Naimpally, 1996):

1. Describing engineering careers available to students. A description of engineering 
careers is available from books by Kemper (1982), as well as recently published books 
by Landis (2000). Similar books are available for other disciplines in science, math, and 
engineering. In this technological age, web sites of professional associations for various 
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disciplines—biology, chemistry, physics, computer science, and electrical engineering, 
to name a few—describe the current careers available to students. The US Department of 
Labor web site describes the current demand for various professionals, and state govern-
ment web sites in the United States give data relating to the demand for different catego-
ries of professionals by region, county, and city. Most industrialized countries give similar 
information on their web sites. Requesting students give a short 15 minute presentation on 
their discipline would be useful for freshmen students in a co-op program.

2. During the second part, students gave 15 minute summary presentations encompassing:
l The task aspects of their internship experiences. This part did not include any teamwork 

or other social issues.
l A description of academic learning in their courses at the campus on topics related 

to their internship experience. If the student is a beginning student, then he/she could 
request to meet with his/her department undergraduate advisor or any faculty mentor 
from his/her home department in order to obtain information on topics covered (related 
to the internship experience).

l A summary of how the student was able to integrate the above two aspects of their edu-
cation: the internship experience and the course-based learning.

The second part is useful in assisting the student with integrating information 
learned and with transitioning from academia to the workplace. It also assists the 
student with avoiding the formation of mental silos with respect to academic course 
work and experiential learning. Building a sound bridge is the key to making the stu-
dent an effective lifelong learner who can integrate and build upon the continuum of 
seemingly disparate experiences.

3. Instruction in specialized topics related to social issues faced by students in their first expe-
rience at their professional workplace:
l Teamwork issues: Teamwork is essential to the modern workplace. It cannot be denied 

that our modern system of education—with its emphasis on grades—has encouraged 
an individualized competitive spirit in students right from the time they receive their 
first grade in elementary school. Instruction was then given based on a chapter on the 
dimensions of the group process from the book by Fisher and Ellis (1990).

l Issues related to protocols at meetings: the young intern or co-op student is quickly 
faced with meetings at work, whether it be individual ones with the supervisor or cow-
orkers, or group meetings with the department or division chaired by a first- or second-
level supervisor. Add to it informal or working-group meetings, and the co-op student 
could not be blamed for being confused as to the protocol at these meetings. Munter 
(1992) has described different speaking situations and the protocol to be followed in 
them. Although the book is written for managers, it would be useful for interns, co-op 
students, or young employees.

Most academic programs for scientists, mathematicians, and engineers include 
courses on speech or public speaking with a substantial component that includes 
delivering speeches in the classroom. Therefore, unless the undergraduate program 
at an educational institution does not include a speech course, it is not necessary to 
include instruction in public speaking at a short instructional program.
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Bureaucratic Aspects of the Internship Program Office  
at the Educational Institution

Prior to the self-placement methods promoted through the use of the Internet—
whereby students can submit resumes and set up interviews, themselves—the intern-
ship or co-op program office at a college or university was generally staffed with 
professional counselors and clerical support staff. Their job functions included 
making sales pitches to local and national industries, businesses, and government 
organizations for promoting co-op arrangements between the external firm and the 
campus co-op office; counseling students; publicizing the co-op program; and assist-
ing employers by setting up campus interviews followed by on-site interviews. All 
of these functions—with the exception of the counseling of students—have now 
become automated. The counseling function can be carried out by counselors from 
the campus placement office who take on potential co-op students to their workload, 
in addition to counseling new or upcoming grads about their academic programs. In 
the case of the larger offices being used for co-op functions, program evaluation of 
the office functions can be carried out using the principles enunciated by Posavic and 
Casey (1997).
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Learning Contract9
Internship Learning Contract

The internship learning contract is a formal contract between the student intern, the 
(employment) site supervisor, and the faculty internship sponsor/coordinator/advisor.

For examples of learning contracts, see Appendices (Guidelines for Field 
Experience/Teaching Practicum/Internship Learning Contract, 2011; Internship 
Learning Contract; Internship Learning Contract, 2011; Internship Learning Contract 
Tips, 2010–2011; Learning Contract and Internship Proposal, 2011). The basic infor-
mation required in a learning contract, related to work assignments, is

l Learning objective(s) numbered 1–3. Although some institutions require four objectives, 
that might—at times—exceed the capacity of the intern due to the newness of the field of 
experience.

l Each learning objective is further explained: Details of what should be learned through the 
internship are included such as developing skills, expanding knowledge, testing theories, 
explaining career interests, and discovering strengths and weaknesses (Internship Learning 
Contract, 2011).

l How does a student meet the learning objectives? The student can work toward achieving 
the objectives through a combination of some or all of the following:
a. Participating in training programs offered by employers or manufacturers of instru-

ments used by employers,
b. Observing a senior staff member,
c. Working on a series of progressively more difficult and more complicated 

assignment(s)—in which each assignment is evaluated prior to commencement of the 
next assignment, and

d. Performing a regular “employee-like” assignment—if the student is already proficient 
in technical skills.

l Learning assignment report(s): A short- to medium-sized report on each learning objective 
would be desirable, with the written report being orally presented to a “committee” con-
sisting of the site supervisor and faculty sponsor.

l Evaluation: The evaluation of learning objectives would ideally be done by the site super-
visor, the faculty sponsor, or both.

The faculty advisor should meet with the intern and evaluate the internship oppor-
tunity to ensure the internship learning objectives meet the academic goals of the 
student intern. Information about the student, for example: name, address, contact 
information, and faculty advisor’s contact details should be included in the learning 
contract.

http://dx.doi.org/10.1016/B978-0-12-385214-4.00009-X
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Details about the employer should indicate name of company, supervisor’s  
name and contact information, weekly hours, and amount of credit given to the 
student.

Since employers generally contact colleges and universities through the career 
office/center on the college campus, a memorandum of understanding or similar 
agreement should be signed by the employer and the career center, preferably based 
on a model set by a national organization like the National Association of Colleges 
and Employers (Internship Program Brochure, 2011; Principles of Professional 
Practice for Career Service and Employment Professionals, 2011). Such an agree-
ment would serve to lessen or prevent any abuses involving the use of student interns 
for routine, noncareer-related tasks during the internship.

Other Issues Related to the Internship Learning Contract

1. Obtaining information about what is needed for developing a learning contract can be done 
by a “competency method.” The step-by-step process involves
a. The student understanding the components of a successful practitioner in a given sci-

ence or engineering field, including skills, knowledge, level of creativity, and level of 
innovation.

b. The faculty advisor discussing strengths and weaknesses with the student so he or she 
can understand the student’s present level of competency. The “gap” is identified by the 
advisor.

c. The faculty advisor discussing the gap with the work supervisor and then jointly deter-
mining the extent to which the given internship presents an opportunity to close the 
gap.

d. The faculty advisor discussing the conclusions with the student and then jointly coming 
up with a learning contract that fits the bill and is acceptable to the student. Acceptance 
by the student is important since a significant percentage of learning in an internship is 
self-directed, even when it appears to be directed by others.

2. A learning contract can be used to personalize learning experiences. In developing the 
learning contract, it is important to have a sense of the best approach to be used (Distance 
Learning Information Packet, 2011) (Table 9.1).

Table 9.1 Your Learning Style Preferences

Self-Directed Learner Other-Directed Learner

Learner Dependent Standard contract with suggested  
 structure used as basic guide

Standard contract using  
 instructor suggestions

Learner Independent Create own contract in terms of  
 content and procedure

Develop own version of  
  contract using instructor 

suggestions
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Appendix 1 

Internship Learning Contract from Gallatin School of Individualized 
Study, New York University
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Appendix 2 

Internship Learning Contract Tips, University of Minnesota
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Appendix 3 

Learning Contract and Internship Proposal, State Univeristy of New York, 
Plattsburgh
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Appendix 4 

Internship Learning Contract, Center for Community Engagement, 
Wartburg University
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Appendix 5 

Guidelines for Field Experience/Teaching Practicum/Internship Learning 
Contract, University of Northern Colorado
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Appendix 6 

Career Center Internship Program, California State University, Long Beach
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Evaluation of Internships10
This chapter is concerned with the evaluation of the performance of individual 
interns. The evaluation of an individual intern’s performance will involve considera-
tion of several components (Buckingham, 2007):

1. Professional Issues:
The professional issues involved in the intern’s performance will include:
 I.  Observance of work hours: If the intern is required to sign in and out of the work-

place, this section of the performance evaluation may include a numerical report of 
the number of late days or—alternatively—whether the intern has met every required 
standard set at the beginning of the internship; for example, not more than 5% late 
attendance.

 II.  Meeting deadlines and effective use of time: This section will note the number of 
times the intern has been late in submitting any reports or min-reports or work 
assignments.

III.  Dress and appearance (Darlington and Schuman, 2008; Johnson, 1978): The intern 
should dress and groom himself or herself appropriately to the organization and/or 
event(s) within the organization. With a larger number of first generation and histori-
cally underrepresented minority groups going for careers in science and engineering 
than ever before, a firm or company that employs interns may wish to have workshops 
on professional issues for these students.

2. Organizational Issues:
 I.  Organization’s mission, vision, and goals: Understanding the organization’s mission, 

vision, and goals is important for the success of the intern. This knowledge can come 
through any formal component of a training program by a human resources depart-
ment and can include lectures or a webinar on these topics, preferably given by a mid-
dle- to upper-level manager.

 II.  Operates within the normal expectations of the organization: The norms may be 
unspoken ones, and one should not be too harsh on the intern who may be present in 
the organization for a limited amount of time.

 III.  Observing the chain of comments; confidentiality issues: Since the typical intern 
might be experiencing the workplace for the first time through the internship, the 
human resources department might see fit to have formal lectures, especially on any 
confidentiality issues. While it is desirable not to have the intern become exposed to 
confidential information and/or issues, it may also be unavoidable in the context of 
modern competitive industry.

 IV. Career Issues (Bolles, 2011):
a.  Does the intern do a good self-evaluation, and does he or she understand his or her 

own strengths and weaknesses?
b.  Has the intern shown reasoned judgment relating to choosing a future career?

 V. Communication and Teamwork (Johnson, 1978; Upcraft and Schuh, 1996):
a. How does the intern relate to coworkers?

http://dx.doi.org/10.1016/B978-0-12-385214-4.00010-6
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b. How does the intern resolve conflicts?
c. How are the intern’s written communication skills?

1. Grammar?
2. Spelling?
3. Communication of concepts?
4. Communication of mathematical ideas, concepts, and thoughts? Are they 

simplified, yet accurate?
d. How are the intern’s oral communication skills?

1. Listening skills?
2. Following verbal directions?
3. Participation in meetings?
4. Overall effectiveness in oral communication?

VI. Technical Competence:
a. Does the intern have a basic understanding of the subject matter?
b. Does the intern read materials (papers, handouts, books, journals, catalogs) to 

keep pace with the latest developments in the field?
c. Does the intern show adequate, inadequate, or superior performance on the job 

in both the theoretical and the hands-on (with equipment, instruments) aspects 
of the job?

d. How is the quality of the intern’s written reports (technical accuracy)?
VII. Lifelong-Learning Skills:

a. Does the intern attend seminars and conferences beyond the call of duty?
b. Is the intern showing inquisitiveness about new ideas, thoughts, or subject 

matters?
c. Does the intern learn from his or her and from coworkers’ experiences?
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Information Literacy and  
Career Skills

11

Introduction

Generally speaking, academic librarians do not offer workshops on career planning, 
leaving it to their colleagues at the career center. Over the past 20 years, academic 
librarians have concentrated on developing a solid and sound foundation collabo-
rating with teaching faculty in developing and embedding information literacy (IL) 
assignments. Librarians teach students IL skills such as finding references (citations) 
on a topic: this has been covered in detail in other chapters of this book. Traditional 
information research concentrates effort on finding authoritative peer-reviewed arti-
cles and evaluates them for relevance for the research task.

Librarians are more recently turning their attention to the cocurricular units on 
campus. Progress has been made in such areas as international student programs. 
The same information-seeking skills used for research papers can be used for career 
planning and enhancing the search for internships and jobs. In this case, one focuses 
on finding non-peer-reviewed formats such as trade magazines, newspapers, news-
wires, and company and industry data in order to gain an understanding of the 
chosen field. Developing career skills are a vital part of lifelong learning, and IL pro-
vides an essential part in that skill set.

Librarians and career counselors possess complementary expertise and make 
good partners in co-creating programs to increase the lifelong-learning skills of their 
students. In passing we should note that public libraries have an excellent record in 
providing career information and their programs have sadly grown with the down-
turn in the economy.

Collaboration Between Career Counselors and Librarians

Career centers are considered to be part of the cocurricular programs, together with 
other student services such as international student services, residential life groups, 
writing centers and learning centers, whereas libraries are usually part of academic 
divisions and primarily support curricular and research activities. This administra-
tive division may have lead to the traditional lack of collaboration between career  
counselors and librarians. Abel (1992) reported on a survey that she sent out 

http://dx.doi.org/10.1016/B978-0-12-385214-4.00011-8
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to 50 colleges in the Midwest to a mix of libraries and career planning offices on 
campuses. She summarizes the findings:

In essence, there does not seem to be a great deal of sharing of information between 
career planning departments and libraries. While excellent programs and sup-
ports are available at many institutions such as Harvard’s Baker Library and the 
University of Illinois for example, institutions with fewer resources and need for 
resource sharing have not take the cue from the larger, better funded institutions. 
Efforts to provide access to each other’s resources seem rather lackluster. (p. 56)

If a similar survey is sent out today, there is some evidence to suggest that the 
situation is slowly changing. Abel (1992) continues to describe the excellent model 
of the Career Information Center developed at DePaul University, which is staffed by 
a reference librarian. The library works in tandem with the college’s Career Planning 
Information Center (CP & P). The librarian researches recruiters and provides info 
to the CP & P staff, gives tours of the library, and gives seminars to the CP & P 
staff. Abel’s article is part of a special issue of Reference Librarian edited by Byron 
Anderson. The topic was further explored in another issue of the Reference Librarian 
edited by Elizabeth Lorenzen (1996) to bring it up-to-date with the advent of the 
Internet (“Career Planning and Job Searching in the Information Age”).

Happily there is a growing awareness of the advantages of career counselors and 
librarians blending their respective expertise to reach the common goals of student 
success and the pursuit of lifelong learning. A literature review revealed some excel-
lent programs of collaborations between career centers and university libraries: 
DeHart (1996), Dugan, Bergstrom, and Doan (2009), Hollister (2005), Love (2009) 
and Song (2005). Brian DeHart expresses it succinctly and suggests a win–win situa-
tion for all the concerned parties:

Collaboration between the academic library and the university placement office is 
a natural partnership. Joint planning and consultation in both collection develop-
ment and programming evolve into more ambitious endeavors such as instruction. At 
DePaul University, this relationship has become well established through the efforts 
of library administration and reference/instruction librarians. The combined effort has 
resulted in students’ increased use of library resources in order to prepare better for the 
job market, while gaining life-long skills for finding and analyzing career information.

The rest of this chapter is devoted to the model developed at California State 
University, Long Beach (CSULB), as an example of how these two sets of profes-
sionals can combine their skills to assist students in uncovering internships and job 
opportunities.

Locating Internships

The best place to start a search for internships is at the university or college’s 
career center. Most career centers have an established program of networking and 
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maintaining links with local companies and industries. Employers advertise their 
internships via the career center. CSULB’s Career Development Center (CDC) 
is a good example. “BeachLINK,” is a local database maintained by the CSULB 
Career Center for students and “on average there are over 400 internship postings 
on BeachLINK daily” in all fields (not just engineering) and “these internships 
have all been previously reviewed by the Internship Program Coordinator to meet 
the requirements for academic credit through a CDC Internship Course” (http://
www.careers.csulb.edu/job_search/internships/internship_resources.htm; retrieved 
September 19, 2011). Searching the Internet for internships is always an option, but 
it can be overwhelming wading through thousands of hits. It is preferable to use a 
metasite, portal, aggregator, or service that has already evaluated the sites for one’s 
convenience. One good way to do it is to use the expertise of career counselors who 
monitor and provide information on the best Internet sites. For instance, the CSULB 
Career Center has an excellent web page that provides a good starting point for 
research: http://careers.csulb.edu/job_search/internships/internship_resources.htm. 
Here are a few excellent sites:

l The Wellesley College Career Center, http://www.wellesley.edu/cws/findingint.pdf.
l Florida Institute of Technology has a good site on internships for Engineering and 

Technology Majors, http://www.fit.edu/career/students/resources/engineering.php.
l Internship Programs.com, http://www.internshipprograms.com/, is a well-organized site 

that can be searched by field (e.g., engineering).
l Get that Gig, getthatgig.com, is a more modern looking site providing information on intern-

ships, but it also acts as a metasite to other sites for internships and (for instance) entry-level 
jobs in engineering. The engineering page has links to other useful engineering resources 
from associations and other sources, http://www.getthatgig.com/cat_engineering.html

l After College, aftercollege.com, connects college students, alumni, and employers through 
faculty and career networks at colleges and universities across the country.

l Internweb, http://www.internweb.com/, allows employers to post to their site without a 
charge and also gives tips to employers on designing internship programs.

l JobWeb, http://www.jobweb.com/students.aspx?folderid  86, offers career and job-search 
advice for new college graduates, and is the online complement to the Job Choices job-
search publications.

Knowledge of professional associations and their resources is a very important 
aspect of lifelong learning. Most professional associations offer student membership 
at a much reduced rate. Many of the associations provide valuable career resources 
for their student members and these should be utilized in addition to the resources 
from the career center and the Internet. A few examples are mentioned:

l Institute of Electrical and Electronics Engineering (IEEE), http://www.ieeeusa.org/careers/
student.menu.html

l Association of Computing Machinery (ACM), http://jobs.acm.org/home/index.cfm?site_ 
id1603

l American Society of Civil Engineers (ASCE), http://careers.asce.org/jobs
l American Society of Mechanical Engineers (ASME), http://jobboard.asme.org/jobs
l American Institute of Chemical Engineers (AIChE), http://careerengineer.aiche.org/c/

search.cfm?site_id1932

http://www.careers.csulb.edu/job_search/internships/internship_resources.htm
http://www.careers.csulb.edu/job_search/internships/internship_resources.htm
http://careers.csulb.edu/job_search/internships/internship_resources.htm
http://www.wellesley.edu/cws/findingint.pdf
http://www.fit.edu/career/students/resources/engineering.php
http://www.internshipprograms.com/
http://www.getthatgig.com/cat_engineering.html
http://www.aftercollege.com/
http://www.internweb.com/
http://www.jobweb.com/students.aspx?folderid&equals;86
http://www.ieeeusa.org/careers/student.menu.html
http://www.ieeeusa.org/careers/student.menu.html
http://jobs.acm.org/home/index.cfm?site_id&equals;1603
http://jobs.acm.org/home/index.cfm?site_id&equals;1603
http://careers.asce.org/jobs
http://jobboard.asme.org/jobs
http://careerengineer.aiche.org/c/search.cfm?site_id&equals;1932
http://careerengineer.aiche.org/c/search.cfm?site_id&equals;1932
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Finding Background Information on Companies

Once some internship opportunities have been identified (using the resources men-
tioned above), it is a good idea to do some research on the company. Some of the 
databases via the campus library are very useful for this task. The information found 
in journals—especially trade magazines, articles, and newspapers—can be used to 
write targeted cover letters citing (for instance) the company’s current projects or 
recently awarded contracts. The same databases can be used to prepare for inter-
views or for meeting company representatives at job fairs. In general, the databases 
in the fields of business and management offer the best choices for research on com-
pany information. ABI Inform, for instance, is one of the most comprehensive and 
well-known databases in business, with over 3,200 journals (over 2,460 full-text 
titles) covering business and economic conditions, corporate strategies, manage-
ment techniques, and competitive and product information. Its international coverage 
gives researchers a complete picture of companies and business trends around the 
world. Most 4-year campuses have access to ABI Inform or other similar databases. 
Hoovers.com, another major resource, is a respected company of business analysts 
who provide authoritative information on big public companies. Hoovers provides 
some free information on their web site (hoovers.com), but more information is 
available through such databases as ABI Inform. Hoovers gives you contact informa-
tion, names of key players, financial information, and names of competitors (very 
important).

Engineering and science databases (such as Compendex and Web of Science) can 
also be used in an indirect way to search for information about larger companies 
with active research and development programs whose staff actively publish in the 
professional and research journals. For the enthusiastic student, searching for pat-
ents by the company may also offer interesting insights on their intellectual property. 
Google Patents offers the easiest way to search for US Patents, http://www.google.
com/patents.

Internet Versus Library Databases

One may ask: why not simply use the Internet to search for information about com-
panies and industries? This is a question often asked by students and others. The 
Internet is a very inefficient way to search for targeted information. Even given the 
sophistication reached by many search engines, such as Google, too many hits are 
retrieved, and it is so hard to determine or evaluate the relevant hits that the searcher 
feels overwhelmed. And, more importantly, one can only access the free information, 
whereas the subscription databases give us access to proprietary information that 
is not freely available on the Internet. On the Internet, users have to pay exorbitant 
costs online to access articles individually. The databases available via the academic 
library are updated constantly—often on a daily basis. Also, the databases offer 

http://www.google.com/patents
http://www.google.com/patents
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us value-added tools in terms of fielded searching, which help us focus our search 
with increased precision and efficiency. For instance, we can search (to name two 
examples) by geographical locations and NAICS numbers. North American Industry 
Classification System (NAICS) is the standard used by Federal statistical agencies 
in classifying business establishments for the purpose of collecting, analyzing, and 
publishing statistical data related to the US business economy (NAICS replaced 
Standard Industrial Classification (SIC) codes), http://www.census.gov/eos/www/
naics/. Most, if not all, business databases use NAICS numbers as a way of catego-
rizing information about companies and businesses.

The CSULB Model: Job Seeking in Economically Hard Times

The economic downturn is highlighting the need for students to use innovative 
ways to “create” their own internships and jobs. “Business Week” has an excel-
lent video with tips on how to land a great internship in today’s tough economy 
(http://www.businessweek.com/managing/content/dec2008/ca2008122_876870.
htm?chancareers_managingindexpage_topstories; retrieved August 14, 
2011).

Given this backdrop, the CSULB engineering librarian and a career counselor 
developed a workshop for engineering majors to address the current situation. The 
theme of the drop-in workshop is searching for “hidden jobs”—which can be applied 
equally to internships. For our purposes, we defined “hidden jobs” as jobs (or intern-
ships) that may be “hidden” and not advertised via the usual channels. Or perhaps if 
a suitable CV and cover letter lands on an engineer’s desk, they may decide to create 
an internship where none existed.

The workshop teaches students to use career center and library resources seam-
lessly to find potential employers in engineering. Once they have identified some 
companies, students can draft a “prospecting letter” asking about possible intern-
ships (and jobs). The prospecting letter has the following elements:

l Indicates interest and reveals the source of information,
l Outlines qualifications and describes how these qualifications match the work environment,
l Suggests an action plan,
l Requests an interview, and
l Expresses appreciation to the reader for his or her time and consideration.

The letter is enhanced by citing some interesting (very brief) up-to-date informa-
tion about the company’s current project(s). Research in the library databases may 
also reveal the award of a major contract indicating that the company will be hiring 
many new employees in the next few months—and the student can get ahead of the 
pack by sending out the letter and CV right away.

http://www.census.gov/eos/www/naics/
http://www.census.gov/eos/www/naics/
http://www.businessweek.com/managing/content/dec2008/ca2008122_876870.htm?chan&equals;careers_managing&plus;index&plus;page_top&plus;stories
http://www.businessweek.com/managing/content/dec2008/ca2008122_876870.htm?chan&equals;careers_managing&plus;index&plus;page_top&plus;stories
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Example of a prospecting letter:

Dear Ms Diaz,
I read about Fluor Corp. in Engineering News Record and decided to research your 
company. I am very interested in working for you. I will receive my BS in Mechanical 
Engineering this May from CSULB. While at CSULB, I was heavily involved in the local 
chapter of ASME and was the Treasurer from 2008–2009.

As you will see from my resume, I have taken many classes that are in areas that your 
company is involved in (name a few classes). I am very interested in working for a glo-
bal company such as yours. I have traveled extensively in the Far East (Japan, China, 
and Singapore to name a few countries) and am interested in working on international 
projects. I was particularly interested to hear that Fluor announced recently it had been 
awarded the Project Hijau Gasoil Phase-1 by the Shell Refining Company, Malaysia. (Real 
Estate & Investment Business, October 16, 2010).

Etc.
Etc.

Undergraduate engineering students are the target audience for this workshop. 
Most undergraduates have not generally been exposed to company and industry 
information. They may have heard about one or two big local companies (in the case 
of CSULB, it is Boeing and Northrop Grumman) but are generally not aware of the 
range and array of companies. It is a different case with graduate students, espe-
cially at such a big state institution as CSULB where many have worked in indus-
try for awhile or are working part-time and are more aware of the engineering field. 
International students have a different set of needs, often searching for companies in 
their home countries.

The library portion of the workshop focuses on the business databases available 
via the library. Most academic libraries will have access to at least one or two excel-
lent business databases. The following topics are covered:

l Finding possible companies in an industry segment,
l Finding useful information about those companies,
l Information about competitors (which identifies similar companies),
l Secondary information about companies from trade magazines, newspapers, and business 

analysts, and
l Finding companies within an industry and geographical location.

It should be emphasized that the searches do not give information on vacancies 
or internships, but give a good “snapshot” on a variety of companies and industries. 
Students can follow up by going to the company’s home page on the Internet to 
ascertain if there are any vacancies or internships or by simply sending a “prospect-
ing” letter citing some information about the company they found in their research. 
Given the competitive nature of the industry, it is hoped that these letters will stand 
out amongst other applicants and indicate to potential employers that the applicant 
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has good information-seeking (lifelong-learning) skills and has taken the time to 
research their company.

Without a doubt, this type of research catches the students’ attention much more 
than searching databases to find references for research papers. Students immedi-
ately see the connection between developing good information-seeking skills and 
landing an internship and eventually a job. As mentioned above, but worth empha-
sizing, developing IL skills to search for internships and jobs is an essential part of 
lifelong learning. These skills are not just important during an academic career and 
at graduation, but also throughout the working life of an engineer. It is a fact that 
engineers, especially engineers of the future, will have to change jobs a few times 
in their careers given the fast-paced world of technology and a dynamic economy. 
Knowing how to research career prospects is an important skill and an essential part 
of lifelong learning.

An added benefit of a workshop such as this is that it introduces students—
especially undergraduate students—to a broad array of business resources. The 
skills they develop can be applied to other courses in their program. For instance, 
they can apply these skills to design courses (especially capstone design courses), 
which require them to find product and market data for their design or invention. 
Ultimately, it may also spark an interest in entrepreneurship.

Assignment Combining Career and Library Skills

One of the spin-offs of the CSULB career center collaboration was the development of 
an assignment that was incorporated into the syllabus of a freshmen engineering course.

Students were required to complete the following tasks:

l Create a resume,
l Pick an industry of interest (e.g., robotics, computer animation, solar energy, and so on),
l Use ABI Inform to find companies in that industry,
l Research one of the companies,
l Write a prospecting letter to the company citing one or two of their recent projects, and
l Make a brief presentation at the end of the semester on their company.

By the end of the semester, each student increased his or her knowledge about 
engineering companies “n” times—“n” being the number of students in the class.

In one of the sections, the instructor decided to mail off the letters and resumes—
with the students’ consent—and it was reported that one student had been offered an 
internship even before the end of the semester.

Sustaining the Collaboration

There is a major workload issue on academic campuses everywhere; librarians are 
already hard-pressed to keep up with supporting IL programs in their respective 
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curricular programs in addition to all of their other duties. One way forward is to 
follow the “train the trainer” model. Librarians should offer training sessions to the 
career counselors on the basics of searching the library’s databases so the counselors 
can incorporate these skills seamlessly into their own workshops and daily inter-
actions with the students. This may be the most sustainable way to move forward, 
thereby also enhancing the information skills of the counselors. This evolution has 
already started to happen in an organic way at CSULB.
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Conclusion12
The material presented in this work is intended to be a guide and a toolkit for those 
engaged in the education and professional development of engineering students and 
engineers making their way along a career path. It is also hoped that some of the 
models presented in this text will inspire the development of an even greater vari-
ety of practices that can be used in the classroom and in the workplace. In this dig-
ital age of electronic information—with the constant flow of raw data and unvetted 
topics labeled “important”—it is critical that best practices flourish with the uni-
fied guidance of ABET, Inc. (formerly the Accreditation Board of Engineering and 
Technology), the Association of College and Research Libraries (ACRL), and the 
host of engineering educators and practitioners who daily put into action the highest 
objectives for educating engineers.

Developing adaptable engineers with critical-thinking skills—people who can 
evolve with the times—will require the updating and sharing of information. The 
references cited and discussed in this book should lead to additional writings. The 
classroom tools and assessment techniques should inspire new ways of teaching. 
These successful classroom interactions and expositions should then be discussed 
at conferences and workshops. These findings should, in turn, inform and influence 
committees at ABET and ACRL to update and refine information literacy and life-
long-learning standards. Just as the technologies that engineers create and work with 
are developed into newer and more dynamic processes and components, so too must 
educators and employers evolve.
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