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e-Engineering the Learning
rocess with Information

echnology

By STEVEN SLIwA

N BUSINESS ORGANIZATIONS,

effective use of information technology

is a cornerstone of re-engineering and

Total Quality Management (TQM).

Higher education is a service-sector

business enterprise, but its core aca-
demic mission has features unlike any other
business, and these features offer special chal-
lenges and unique opportunities to use evolv-
ing information technologies.

Most people expect information technology
to improve the productivity and effectiveness
of student services and administrative aspects
of higher education. We cannort, however, take
for granted that information technology will
enhance the learning environment. Since the
Industrial Revolution there has been a com-
mercial inclination to use technology to in-
crease productivity first and to hope that im-
provements in quality will follow. Now is the
time to take the initiative and establish an ap-
propriate set of goals for the improvement of
learning in higher education.

Mass Production versus
Mass Customization

The emphasis on productivity through greater
and more efficient mass production in the Indus-
trial Revolution appears in the example of the
“straight pin.” Traditionally, each pin had been
handmade by a single craftsman unl that
process was replaced by a system in which each
part of the operation was broken out for a differ-
ent expert and each task was specialized to in-
crease the speed of production and the unifor-
mity of the pins. Henry Ford, likewise,
emphasized speed of production when he mass
produced Model T automobiles “...in any color
that the customer wanted as long as it was black.”
Black paint dried faster than other colors, so the
assembly line could work quickly and cheaply.
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Educarion has followed a similar path. For-
mal education ourside the home began in one-
on-one interactions between tutors and stu-
dents. Socrates, meeting with his students
individually or in small groups, examined the
rationale of known conceprs and theories while
developing the minds of budding scholars for
future discoveries.

For centuries, societies have srrugglcd to im-
prove the speed and consistency of teaching
(and presumably learning) while helping to de-
velop social systems and personal human at-
tribures. Innovartions in material strucrures and
organization occurred to support this quest:
chalk boards, semesters, course schedules, pre-
requisites, credit hours, majors, minors, areas
of teaching specialty, lecture halls, overhead
projectors, syllabi, standardized testings, report
cards, GPAs, etc. Did these innovations occur
to augment the quality of learning, or did they
rather come abour to accommodare mass edu-
cation and to assure consistency of teaching?
Socrates did not need these artifacts or organi-
zational structures to produce scholars.

In the manufacturing and service sectors of
the economy, some major shifts in pamdigms
are becoming evident. As the standard of living
improves, consumers are less concerned about
the producers’ economy of scale and unifor-
mity of production which yield the cheapest
and most consistent options. Instead, con-
sumers increasingly prefer to have many
choices in order to reflect their individuality. '
This trend is causing a major restructuring
(sometimes called “re-engineering”) of existing
business enterprise. Information technologies
permit movement away from zuass production,
which reduces the cost of inputs while increas-
ing the consistency of output, toward mass cus-
tomization, with more options for the con-
sumer at the point of sale.

Higher education is at a similar crossroad.
Colleges and universities are already following
other service-oriented businesses in adapting
technologies to improve effectiveness and ro



increase personalization of services in account-
ing, record keeping, registration, and financial
counseling. However, we should give careful
thought to the potential of information tech-
nologies for improving learning before we sim-
ply automate current teaching practices, as
many so-called wirtual classrooms do. This ap-
proach through simple automization seems
logical enough, but when it is coupled with
our historical tendency to look for economic
gain from increased productivity, such au-
tomization may eventually undermine our
higher academic goals. On the other hand, if
we follow the example of the business sector’s
mass customization, we can aspire instead to
reach the goal of a Socratic individualization of
learning and teaching,

INCE THE TIME OF SOCRATES, OF

course, the teacher’s role has gone

through many changes. Several of these
have hampered the teacher’s ability to devote
his or her creative attention to teaching and to
helping students fully develop their individual
abilities. Perhaps these changes have been
prompted by the need to increase productivity
for the higher education enterprise. In view of
the potential of today’s information technolo-
gies, we should resist the tempration to reach
for simple economic advantage and instead
fi:cus on improvement of quality of educartion.
Educational leadership needs to understand
that the integration of information technology
into academia should not be motivated by fac-
ulty management optimization, but should
emerge as a result of a new conceprualization
of learning.

We are familiar with typical attempts to
maximize the use of faculry. In some cases, fac-
ulty members spend less time using their cre-
ative talents and abilities to motivarte individ-
ual students and more time preparing lectures
in formats for large class settings that do not
permit much interaction. Consequently, the
professor devotes more time to computing
grades, completing paperwork, and attending
committee meerings. As we bring technology
to bear on this rime-management pmbiem,
one educational goal should not be lost: o in-
crease the number and quality of one-on-one
interactions or one-on-few interactions be-
tween faculty and students.

[nteractions during which faculty members
maortivate students, encourage the ;1cqui5il]m! of
snowledge, and develop skills and reasoning
abilities cannor easily be replaced by rechnol-
ogy. At the very least, technology can be rar-
geted ar the routine and reperitive tasks in edu-
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The teaching styles of
individual faculty
members may lead
toward alternate
technological

approaches.

carion, relying on faculty members to inspire
and nurture the intellectual development of
students. Faculty members should pul/ technol-
ogy in for these repetitive tasks, frecing up rime
to prepare units of instruction and participate
in more direct interactions with students.

Since many students learn better from
model-based reasoning, in which visualizing or
experiencing a trend or movement in a system
is clearer than talking about it, faculty need to
incorporate these simulations, as well as devise
other learning environments such as virtual re-
ality, adaptive testing, and electronic labs.
Computer technologies have been used to cre-
ate learning opportunities that are not possible
otherwise. For example, computer simulations
can model the behavior of complex systems
showing the influence of individual variables or
the interactions of multiple variables.

Technology also can assist faculty members
in stimularting reasoning and cognitive skills.
For instance, Groupware Software can facili-
tate dialogue between students and experts in
the field. The Internet (and the so-called infor-
mation highway technologies) are providing
numerous opportunities for students to de-
velop scholarship in ways that were not possi-
ble one year ago.

A key aspect of re-engineering in the busi-
ness sector involves redefining chronology by
shrinking the time it takes to respond to con-
sumer needs. Yet for decades, credit hours,
course requirements, and semesters have not
declined but have been static or growing. Plan-
ners of courses customarily presume that all
units of marerial should be covered on a com-
mon schedule, effectively stretching degrees
from four years to five years and more. If
higher education is to remain viable over the
long haul, it must devise ways to deliver educa-
tion as it is needed by the individual, nor as
tradition had dicrated.

Perhaps information technology will help
higher education implement devices through
which the students can measure their own mas-
tery of skills. Higher education has been assailed
for dictating the time allowed to learn each item
and then merely assessing success or failure. If
adaptive tests can be developed which fairly eval-
uate a student’s capabilities, professors can refo-
cus on the task of helping individual students
demonstrate their mastery as rapidly as possible.
This has the potential of reducing the time
needed o reach the educational level required
for an academic degree.

Such a drastic redesign of the educational
process has additional benefits. It permits stu-
dents to take an active rather than a passive
role in learning. It helps to combat the harmful
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effects of competition while enhancing collab-
oration. It also encourages students ro appreci-
ate their instructors as coaches rather than as
gatekeepers.

HERE WILL BE NO SINGLE

technology that fits all educational situ-

ations. Each university or college needs
to develop a variety of options, as certain sub-
ject matters lend themselves to a subset of ap-
proaches. The teaching style of individual fac-
ulty members may lead toward alternate
technological approaches. There should also be
a variety of options taking into account the in-
dividual learning preferences of students.

At Embry-Riddle, whenever we offer the
students oprions for learning some specific
subject matter—ranging from independent
study to classical chalk board instrucrion—the
students perform better in each segment than

they statistically do otherwise. It seems thar
just offering the choice itself helps the student
to maintain motivation and confidence.

Many theoretically good ideas for enhancing
learning with technology have not lived up to
their promise. Evaluation committees must do
more than just read the literature and attend
product demonstrations. An environment must

i be built in which experiments are performed on
/‘a regular basis to determine whether the rech-

nology is maturing smoothly and can be

v . -
adapred for the academic culture ac which we

aim. Key players in this process must be willing
to appreciate and admit failures, as well as be
willing to change multi-year acquisition plans if
the results do not warrant continued invest-
ment. Those favoring the status quo will fight
many new ideas and look for disappointments
in technology to strengthen their case against
change. Nonetheless, learning technologies
must be tested within the intended environ-
ment in order to be properly evaluated. Con-
siderable leadership, discipline, and tolerance
are needed to implement and continuously re-
model a technological path.

Technology is maturing at a pace that ex-
ceeds most organizations’ abilities to adapt.
Many information technologies are eclipsed by
others within months and, by most standards,
are obsolete within five years. We must devise
strategies to respond to continuous change. Ac-
ademic leaders should reinforce a climate in
which faculty members have options for devel-
oping the learning and teaching environment.
It is likely that institutions which are unsuccess-
ful at creating this environment will be at a se-
vere competitive disadvantage within a decade.
Catching up will be virtually impossible.

No new technology will be useful unless
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both faculty and students have training and
learning time. With current tight budgets and
schedules, such on-the-job training is hard to
afford, yet it is essential for wise investment
and true change.

One of the most controversial opportunities
of communication technologies is distance edu-
cation. Audio and television/video links have
been used in a limited fashion for decades, yet
many faculty members and universities have
been relucrant to acceprt this approach fully.
This reluctance is surprising, since studies have
consistently shown that stcudents who graduate
from these programs do so with equal or higher
performances than do those completing their
education on the campus. Such good perfor-
mances may, in reality, be due to the quality of
the students and the limitations of our mea-
surement systems, rather than to the quality of
the delivery mechanisms.

Will these “virtual classrooms” make univer-
sities as we know them obsolete? Fewer funds
may be spent on brick and mortar infrastruc-
tures as more investments are made in exper-
tise (knowledge workers) and information
technology. These investments do have the ad-
vantage of linking the local community with
the global community, but we must not forget
that the hub of the educational experience and
the definition of the learning environment still
remain in the university. Here students acquire
the interpersonal skills they will subsequently
1eed, for face-to-face meetings dominate the
business and political deliberations of our
sociery.

Yet there are many benetits of the virtual
classroom beyond economic efficiency. Faculty
members at various locations can be called on
to assist in the university’s mission. Similarly,
students in remote locations are often working
adults with significant life experiences. The syn-
ergy that results from students on the residen-
tial campus interacting with those in the field
has the promise of increasing the learning op-
portunities for all. We must learn ro profit
from this interaction around the university hub
while resolving significant problems in distance
learning such as differences in time zones and
the lower percentage of course completions by
off-campus students.

We should, moreover, not overlook the pos-
sibilities that “distance education” technologies
offer professors and students on the same cam-
pus. s it necessary for faculty members to be
physically present in the room with the stu-
dents? Can students work productively on
problems, labs, homework, and so forth in re-
source labs under the electronic guidance of
teachers? [nstructors could “peek” in on stu-
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dents froni the comfort of their offices using
computers and multi-media technologies and
assist learning through real-time guidance or
through a variety of computer tools, video-
tapes, and other marerials to which the stu-
dents have access. Clearly, not all classes need
to be taught via stand-up lectures or in seminar
formats. There could be new, on-campus
teaching paradigms that make use of the same
distance technologies developed for connecting
off-campus students and faculry.

ANY INSTITUTIONS ARE TRYING

to introduce more real-world prob-

lem solving, more collaboration
skills, and more decision making under uncer-
tain conditions into their curricula. Employers
of university graduates expect their employees
to acclimare faster to their new roles in the
workforce and to adapt as their jobs grow or as
they advance. Distance educartion should play a
role there as well.

Few tasks in today’s competitive and global
environment can be performed entirely in one
location. Companies are using more telecom-
munication technologics (e-mail, fax, telecon-
ferencing, and videoconferencing) to augment
their face-to-face interactions. Alchough
telecommunicartions technologies will never
completely supplant direct interpersonal inter-
actions, their importance is growing rapidly.

Yet many of the study groups and capstone
projects that are assigned to students at their
institutions emphasize the way business inter-
actions used to be conducted. If academic exer-
cises should mimic real world commerce, then
which participants are talking to the vendors in
the Pacific Rim or to buyers in Central Amer-
ica? Who is coordinating with the multiple
corporate headquarters? Who is talking to the
public relations and finance groups in New
York? Who is negotiating with the customers
in Europe? In fact, voice mail, e-mail, shared
data bases, and videoconferencing are all grow-
ing factors in enterprises ourtside of academia.
If higher education is not exposing students to
these communications technologies, it is short-
changing them, and this places higher educa-
tion in further danger of becoming irrelevanc.

Information technology and telecommuni-
cations present a substantial opportunity for
universities ro take the initiative. Leaders in al-
most all business endeavors say that telecom-
munications and transportation are becoming
greater factors in the effective accomplishment
of their work. Yet when these same leaders are
asked how well their organizations use distance
technologies for telecommunications, many
will respond thar theirs are fairly ad-hoc ap-
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Is it necessary for

Jaculty members to be
physically present in

the room with the

students?
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Faculty members who
are developing new
teaching methods
and direct class
projects using
telecommunications
are conducting
relevant research.

proaches. As faculty members experiment with
new information systems and learn how ro ex-
ploit the associated technologies, they will pass
on to their students skills and approaches to
share with their future employers.

Faculty members who are developing new
teaching methods and direct class projects using
telecommunications are conducting relevant re-
search. If an approach to sharing information
via electronic networks improves a company’s
productivity by 1 percent, it may be more valu-
able than any single invention that a scientist or
engineer might contribute. As professors con-
centrate more on the mission of teaching, rele-
vant research results may accrue that are as valu-
able as other scholarship efforts.

Higher education obviously has a responsi-
bilicy to serve residential campus students, but
our institutions also have a responsibility to
serve other segments of society and the com-
munity. Colleges and universities should, in
particular, be taking a leading role in support-
ing K—12 educational opportunities. Likewise,
working professionals need access to educa-
tional opportunities within their restricted
daily schedules. The U.S. workforce of the fu-
ture will emphasize “knowledge workers,” who
quickly adapt to the changing environment.
The promise of the virtual classroom technolo-
gies offers real opportunities to serve both
these nontraditional clients and residential stu-
dents. Whether in classical credit-bearing cur-
ricula or in non-credit short-courses, subjects
can be clectronically offered by connecting our
campuses with the world.

Today’s theme in business seems to be the
“just-in-time” delivery of materials, products,
or services. By recasting its mission, “just-in-
time” higher education could be delivered as
desired by the educator, to the student, parent
or employer with electronic connections and
enabling technologies. Trying to establish
brick and mortar edifices to support similar
opportunities in the field merely drains re-
sources from this recast academic mission.

UCH HAS BEEN WRITTEN ON
how electronic document storage
and retrieval will change campus li-

braries. It is probable that the central role of li-
braries and librarians will increase since effec-
tive distance education is impossible without
linkages to library resources. Students are
growing up with expectations of acquiring
greater access to digital libraries, bulletin
boards, gophers, and Internet information in
multimedia formats via the information high-
way. Universities and colleges must endeavor

to learn which approaches for using the tech-
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nology will be most effective while insuring
that these formats remain cost effective. It is
likely that by focusing resources, specialists
who prepare and maintain the new digital li-
braries will diminish the overhead of the brick
and mortar growth pattern. Positive, appropri-
ate relationships with partner institutions, cou-
pled with increased networking should help to
minimize the duplication that currently exists
within institutional libraries.

Leadership will be required to make the
transition to digitized portions of library col-
lections that are available for scholars and stu-
dents. In fact, these changes may require a
greater investment in media and personnel
than current business models dicrate. Bur, if
they are developed correctly, institutional li-
braries will have increased significance.

ATHER THAN IMPROVING

Rfmductivity through mass production,

he higher education of the future should
embrace new information technologies which
significantly improve the quality of learning.
Faculty members should be freed from repetirive
teaching and administrative tasks and given time
for quality contacts with individual students or
small groups of students. New technology
should be used to enable faculty to pursue cre-
ative teaching methods and to provide opportu-
nities for improved learning experiences.

No single information or telecommunication
technology for teaching will serve all faculty or all
students in all contexts. We need to find a broad
spectrum of solutions that can be customized to
subject material, faculty desires, and student pref-
erences. Time and resources for training are
needed for the teacher and the student to maxi-
mize the relevancy of higher education.

The model environment for learning may be
the classroom, the virtual classroom, the re-
source center, or the electronic library. Adopt-
ing a re-engineering process described in this
overview involves continuous experimentation
and change. As the teaching and learning envi-
ronment evolves, attitude modifications by fac-
ulty, librarians, students, and administrations
become necessary. In all cases where change is
an important cultural requirement, many of
those involved will make the transition success-
fully. Unfortunately, those who resist these
critical changes may prevent higher education
from adapting and improving at an appropri-
ate pace. With the cooperation of all individu-
als in the system, institutions of higher learn-
ing will have faculty, librarians, staff and
students in increasing numbers participating at
a higher level of learning and research and
inquiry. &




