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Abstract - ABET EC2000 and the "ABET 11" outcomes have
imitiated tremendous activity as engineering schools prepare
Jor accreditation under the new criteria.  While the new
process and ouwlcomes present many chalienges fto
engineering faculty and administrators, the owtcome on
lifelong learning represents perhaps the greatest chalienge;
it states that graduates must demonstrate "a recognition of
the need for, and an ability to engage in life-long learning”.
This oulcome roises many questions including  What
constitutes life-long learning? How will we demonstrate that
our graduates recognize the need for and have the ability to
lifelong learn? And last but not least, how will we measure
this attribute in owr graduates? This paper summarizes the
results of a prefiminary literoture review of lifelong learning
as it pertains fo engineering education and discusses plany
Jor assessing lifelong learning of Penn State studenis, along
with some data gathered in a survey of recent graduates.

Introduction

ABET's Bngineering Criteria 2000 has lit a lot of fires in
engineering programs across the country, While cfforts to
prepare tor the "ABET 11" are hatching everywhere, at least
one of those 11 is perhaps rccoiving less action-oricnted
attention than the others. ltem (i) states that graduates must
demonstrate "a recognition of the need for, and an ability to
engage in life-long learning”. What does this mean? How
will we demonstrate that our graduates recognize the need
for and have the shility to lifclong learn? And last but not
least, how will we measurc this attribute in our graduates?
These questions can't be responded to easily; like many real
engincering problems, the answers are not in the back of the
book. However, the engincering education community
doasn’t need to start at the beginning to address these
questions about lifelong learning.  Existing research,
literaturc and statistics on engineers’ participation in lifclong
learning will give us, at the very least, a good start on
answeting many of these guestions. This paper

e summarizes the resulis of a preliminary literature review
of lifelong learning as it pertains to cogincering
education,

e discusses plans and a methodology for defining
predictor behaviors for participating in lifelong leaming,
with the intent to develop an instrument to assess these
behaviors during undergraduate education, and

e presents a subset of results from a survey of recent Penn
Stale engineering graduates on informal and formal
lifelong lcarning. '
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Literature Review

While definitions of lifclong learning differ [1-4], a fairly
standard one comes from Candy [5]. “‘Lifelong learning
takes, as one of its principal aims, equipping people with
skills and competencies required to continue their own “self-
cducation” beyond the end of formal schooling” {p. 15).
Amidst the variance in definitions, authors agree on several
things, Fiist, lifelong learning is critical for today's engineer
because of the fasi-changing nature of engineering content
knowledge and the numerous job responsibilities that are
commen in cngineers' careers. And sccondly, although
employers provided on-going cmployce training (which
certainly is not the only type of lifelong leaming) in the past,
lifelong learning must be accomplished via other mieans —
both formal and informal -- in the foturc [3, 6]. Our
literature review further explores the reasons for being
concerned about lifelong learning, and information in the
titerature abont key factors in lifelong leaming as well as
attempts to measure them.

The Case for Lifelong Learning

Although ABET has certainly increased the “popularity” of
lifelong learning of late, they are not the only voices in the
enginecring community addressing this topic. Ernest
Smerdon, current president of ASEE tell us that "
engineers must stop thinking of education as what they did
for 4 years in college and come to see it as a lifetime
project” [6] (p 22). Accreditation  always  drives
conversation and action, but scveral other factors demand
that educators help graduates be lifelong learners. We begin
with the work environment.

The work scene is changing for engineers. Engincers no
longer carve out a niche and stick with it for a lifetime.
Because of the fast changing nature of technology, the
shortened product lifccycle, and global competition
engineers expericnce rapidly changing job responsibilities,
and more frequently switch jobs. Many companies tend to
maintain an cngincering cohort for only those skills that are
critical to their company. They fill their nceds for other
competencies by hiring temporary ar contract employees [3,
6]. All of which adds up to engineers operating in a more
fluid market where their skills need to be constantly honed
and updated to meet the demand of the moment,

The nature of engineering technology also heightens the
need for lifelong learning. For instance, in addressing the
need for lifelong leamning in electrical engineering, Adam [7]
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notes that a few years ago microprocessor applications and
design werc “hot”. Now this field, while clearly still
important, has slipped into the main stream displaced by
whatever today's “hot” topic may be. Smerdon {6] backs up
this trend citing experts’ decade-old opinions about the
“half-life” of an engineer’s technical skills — that ig, how
long it would take for half of everything an engineer knew
about histher ficld to become obsolete. Estimates ranged
from 7.5 years for mechanical engineers to a mere 2.5 years
for sofiware engineers (less time than it takes to earn an
undergraduate degree). Taday, these numbers are almost
certainly smaller.

Concerns about “keeping current” go beyond the
technical domain. Hecker [8], writing from the standpoint of
a consulting engineer, posits that most engineering
curriculum will not be able to adequately address both the
technical and non-technical skills that are necessary for an
engincer to0 be successful.  She proposes that lifelong
Tearning should be used to address the non-technical skills —
and emphasizes their necessity for consulting engineering,

The fact is, there is no way an engineering curriculum
can do it all in 4 or 5 years — nor should we expect it to, We
must do as ABET has asked us - help students become
tifelong learners. Further, we can imake changes in our
curriculum to support development of awareness for and
propensity to engage in lifelong learning.

Smith and Gast, in their discussion of the senjor year
cxperience and its effect on students’ choices to pursue
further education, tell us: "By reconeeptualizing the senior
vear experience, specific career development activities
inside and outside the classrcom can help focus and
encourage student interest in further education. Seniors can
develop a more realistic picture of graduate or professional
education and at the same time focus their career interesis
through increased opportunitics to engage in research
projects with faculty, capstone classes that incorporate
modules on current research in the discipline . . ." [9] (p.
192). This suggests that opportunities te work on
underpraduate research and other “real-world” focused
projects can cncourage students to pursue further formal
education ~ one of many types of lifelong learning activitics.

Contributing Factors in Lifelong Learning

The literature on lifelong leaming tells us a lot more than
simply the definition. McCombs [2} makes the strong
statement that the "motivated person is a lifelong learner,
and the lifclong learner is a motivaied person” {p 117). This
telates closely to ABET's statement about hfelong leaming;
graduates must have “a rccognition of the need for, and an
ability to engage in lifc-long learning™ [10]. What we have
te figure out then, is how to instill that motivation in our
graduates.

MecCombs suggests that schooling environments that
will promote this motivation and ultimately lifelong Jearning
choiccs must not simply address leatners’ cognitive
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dimension by throwing content at them, but must develop
more  diverse aspects of individuals such as their
metacognitive and affective dimensions, She specifically
argues that for students to be optimally motivated they must:
I. "see schooling and education as personally
relevant to their interests and goals,
2. believe that they possess the skills and
competencies to successfully accomplish their goals
3. sece themsclves as responsible agents in the
definition and accomplishment of personal goals
4. understand the higher level thinking and self-
regulation skills that lead to goal attainment
5. call into play processes for effcetively and
efficiently encoding, processing and recalling
information
6. control emotions and moods that can facilitate
or interfere with learning and maotivation, and
7. preduce the performance outcomes that signal
suceessfully goal attainment." (p. 124)

Essentially, McCombs tells us that if we want to teach
students how to leamn, we must focus our learning activities
on morce than simply enginsering content, but alse on

»  helping stodents to understand theit own
learning ptocesses,

= creating a leaming atmosphere where students
take on responsibility for their learning

®  creating a learning atmosphere where students
feel they can succeed, and

= designing learning activities that are relevant
and interesting.

Cropley [4] writcs about a systematic, goal oriented
process of lifelong learning. He discusses characteristics of
successful lifelong learners that inctude affcctive and meta-
cognitive itermns similar to those offered by McCombs, but
with additions of skills. These skilis inctude

1. use of different leaming strategies and learning
in different settings,
2. basic learning skills and basic “intellectual
powers” such as critical thinking,
3. use of learning devices.
He goes on to discuss specific suggestions for learning
methods and materials, as well as teacher and student
activities to suppoert the development of the attitudes and
skills needed for lifclong Icarning.

Measuring Lifelong Learning

While there have been attemnpts to develop lifelong learning
predictive instruments in other fields, little has been done in
enginecring. Studies by Livneh [1, 11, 12] from the human
service profassions have produced inconclusive results,
None of these studies found learner characteristics that
consistently predicted lifelong learning behaviors later in
life.  Livneh approached the problem from two basic
research paradigms. In order to develop a profile of lifelong
learning, she created an instrument, Characteristics of
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Lifelong Learning in the Professions (CLLP), [1] in order to
predict continuing education potential in others in those
samg professions, A factor analysis of the results did not
predict enough of the actual measured variance in lifclong
learning to create a usable profile, however factors labeled

“cducability” and “future orientation'™ were significantly
¥ ¥

different between high and low participants in lifelong
learning, In her 1989 wotk, Livnch [11] uses the “Adjective
Checklist” as a predictor for lifelong leaming. A factar
analysis showed that enly one factor — organized -
significantly correlated with time spent on learning activitics
during the past ycar. -

Gunzburger’s [13] study sought to determinc which
facts, if any, collected about medical school applicants were
valid predictors of the extent each applicant will tater be a
continuing professional lcatner. To answer this question,
Gunzburger correlated aspects of the admissions test with
swrvey tesults collected 22 years afler studonts werg
admitted to medical school. The study found that the 1956
Medical College Admission Test did not identify the extent
individuals will tater become continuing learners,

Pethaps the most successful research for predicting
lifclong learning behaviors came from Oddi [14]. In initial
design and validation ¢fforts, his Oddi Continuing Learning
Inventory (OCLI) was found to corvclate highly with
existing mwcasures of self-directed continuing learing
bohaviors in adults, however subsequent validation cfforts
for the instrument have produccd inconsistent results [15,
16].

Not all of the aforementioned rescarchers achieved the
results they desired, but their results do serve as a basis for
our work, For instance, Livael's instrument (1988) asscsses
attitudes towards learning, c.g. “I enjoy reading”. A future
instrument may wish fo focus on behaviors — 1 read 10
hours a week™ — thus gathering a more accurate piclure of
lifelong leatning behaviors. Livneh also points out that her
tesearch may have been compromised by the broad set of
professionals included in the study. Human service
professionals include persons in many different types of
careers, The unfocused nature of the population would
maoke it much more difficult to develop an accurate
predictive instrument.  Our plans would of course focus on
lifelong learning for engineers, which would hopefully
alleviate this issue. Finally, all three researchers used
existing instruments 1o cither measure lifelong leaming (see
Livoch [11]), or validate new instruments. Guozburger [13]
and Oddi [14] both drew heavily upen the Leisure Activitics
Survey (LAS)[17]. These instruments could then be used to
measure lifelong learning partictpation in engineers.  Our

Educability refers to an intercst in reading, having
appropriatc lcarning skills and being able to learn by
themselves. Future orientation indicated a desire to advance
on the job, inquisitiveness, possessing long-term aducational
goals, and a view of oncself as a leamner.
0-7803-5643-8/99/$10.00 © 1999 ILEE
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plans for assessing lifelong learning are described in the next
section.

Plans for Assessment of Lifelong Learning

ABET wants us to graduate students whe “have an ability
to” lifelong tearn. If we can develop and validate an
instrument that measures aspects of our curricula that
support lifelong learning behaviors, we would have some
eviderice that our graduates arc meeting this ABET
requirement, Gur plan focuses not so much on developing an
actual “predictive” instroment, but rather on measuring the
current curricular activities that may contribute to choices to
engage in lifelong tearning as well as the tools to undertake
it. The form of our plan is as follows:

»  Complete our review of the literature to determing a set
of undergraduate curricular and  extra-curricular
experiences that can positively contribute to the
wnderstanding of the need for and an ability to engage in
lifelong learning.

v Using the set of cxperiences defined in the previous
step, we propose a multi-pronged plan for assessing the
cxtent of the existence of these experiences in our
curriculum. The best implementation would inelude all
of these items; however, we anticipate that limited
resourccs may force us to choose only one or two
methods.

—  Analyze, via syllabi and coutse assignment/project
descriptions, the cxisting curriculum for evidence
of the expericnces we hypothesize will positively
contribute to lifelong leatning choices. The work of
Astin [I8], who reports on undergraduate
experiences that are predictors for  attending
graduate school, and McCombs [2) who describes
learning conditions that coniribute to  overall
lifclong learning choices, will be important starling
points.

—  Deterinine, via a student-report instrument, how
students understand the curriculum in terms of
these lifelong  leaming-promoting  curricutar
experiences. These efforts will probe the affective
and meta-cognitive aspects of success in lifclong
learning.

— As an alternative or an addition to collecting
student impressions via a survey, recruit a sample
of students from all cngineering programs to
produce  portfolios of their underpraduate
gxperiences.  These portfolios would contain
representative work from their courses as well as a
log of extra-curicular experiences. Analysis of
these pottfolies would provide not simply a self-
report by stdents of their  undevgraduate
experiences, but actual evidence of the work they
have been asked to produce, Once again, these
would be analyzed for evidence of expericnces that
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contributed to  lifelong learning and  the
development of the requisite skills and attitudes.

=  Having collected data regarding the extent to which the
undergraduate curriculum provides lifelong learning
promoting experiences, wo can then track the effect of
this curriculum on our graduates via a combination of
our existing alumni survey (approximately 10 items
dircetly address lifelong  learning), and existing
instruments such as the OCLI [14], and the LAS [17]. It
is important to assess patticipation in formal life-long
learning activities such as graduate studics or cmployer-
training as wetl as in informal activitics such as leaming
“on the job.”

s The final step in the process is, of course, to use the
assessment results to improve our programs in ways that
enhance the ability of our graduates to ecngage in
lifelong learning,.

Results from Survey of Recent Graduates

As an initial step in our investigation of lifelong learning
among our undergraduates, items related to lifelong leatning
were ingluded in a recent survey of engineering graduates,
who were 3 to 5 years post-graduation. 3300 surveys were
sent out and 1367 were returned for a respense rate of 42%.
One set of questions explored informal learning by the
graduates.  Specifically students were asked to give their
asscssment of the importance of the ability to “Teach
yourself new skills for your work™ as well as how well their
undergraduate studies prepared them for this. Slightly over
90% indicated that the ability to teach themselves was
important or very important. Table 1 presents the averape
preparedness rating versus the level of importance indicated
by the respondent.  The data show that the graduates who
rated the ability to tcach themselves as “very important”
show the largest difference between their importance and
preparedness ratings. However, their respenses indicate that
most folt that they were adequately or very prepared. A
related question asked for an “agreement” rating on the item
“I can teach myseclf new skills that [ need for my job.” Over
93% agreed or strongly agreed to this statement.

Table 1. Response data for "Teach yourself new skills for

Session 11al

The survey also included questions on the participation
in professional societies and subscription to professionai
journals. Approximately 50% of the respondents answered
in the affirmative to each of these iterns.

Another set of questions explored participation in
formal leaming activitics incluling graduate studics,
employer training and “other™ activities; this data is
presented in Table 2. By far the greatest participation was in
employer training with approximately 80% of the graduaics
indicating that they were engaged in this activity, The
lowest participation was in formal graduvate study at 25%.
Also explorcd was the motivation behind the choice to
participate in formal educational cxperiences. The results
summarized in Figure 1 show that major motivations were to
learn new technology or non-cngingering skills regardless of
the source of the training,

Table 2, Participation in formal lifelong learning activities

Activity Number %
Participating | Participation

College/University coursg 337 25

Employer training 1081 79

Other 551 40

your work.”
Importance Rating Average Number
Preparedness | Responding
Rating
Very important (3) 4.17 748
Important (4) 374 457
Neutral (3) 355 104
Unimportant (2) 3.43* 14
Very Unimportant (1) 2.33% 3

* Mot meaningfid eiven the smalfl number responding.

0-7803-5643-8/99/510.00 © 1999 IEEE

These data demonstrate that our graduates understand
the need to engage in lifelong learning and that they are
pursuing it in a number of ways. However, they do not tell
us how the students developed the necessary attitudes and
skills. That information must await the development of
other assessment instruments,

Summary

We have described the results of our preliminary look at the
literatwre on lifelong learning and our plan for assessing
students’ attitudes and ability to ¢ngage in lifelong learning,
along with some early assessment data, In addition we hope
to identify those parts of our curricwlum and also extra-
curticular activities that develop the tequisite attitudes and
skills. The authers are quite aware of the effort to make this
plan a reality. However, we belicve that this data will not
only help institutions identify what portions of their
curricular and extra-curricular expericnces are contributing
towards lifelong leaming, but also provide additional
support for current curricular reform trends, such as smaller
class gizes, and first-year seminars which provide increased
faculty contact for students.

Lifctong learning is almost certainty a tough attribute o
quantify, and perhaps cven tougher to develop in our
students. For as long as we as educators see our main task
as “covering” the material, we will never pause long enough
to help our students learn to learn on their own. Berman [19]
tells us that “Lifelong education is necessary if one is to be a
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useful and productive citizen both of the immediate and the
broader community” (p. 105). Ultimately, if we haven't
taught our graduates how to learn independently, we have
done both them and ourselves {as a society) a great
disservice,
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