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Chapter 7

Training Technology

SUMMARY
Training  technology includes a wide range of

systems for delivering work-related instruction.
Typically, the training system substitutes for real
equipment or situations, or for worker memory. In its
broadest sense, training technology encompasses
both hardware (e.g., television sets, satellite dishes,
computers, overhead projectors) and software (such
as computer programs, television programming,
written materials, and their instructional design), as
well as the setting in which training takes place (for
example, a classroom, the shop floor). The quality of
training depends on the appropriateness and quality
of the hardware and software as well as the ability of
the instructor.

Training technology spans the low- to high-tech
spectrum, from lecture/lab instruction or job aids
such as checklists, to elaborate simulators and
advanced electronic classrooms with interactive
teleconferencing. Technology-based training might
be delivered at a worker’s desk or on the shop floor,
at a training center, in a classroom, or even at an
employee’s home. The training may be undertaken
individually, or in small or large groups. The
courseware might cover all aspects of a job, or
impart only those steps a worker needs to perform a
particular task, or provide an update on technical or
policy changes. The courseware can involve basic
skills (e.g., literacy and arithmetic-see ch. 6);
technical skills, such as equipment operation, main-
tenance, or repair; or interpersonal skills, such as
sales or job orientation.

The principal findings of this chapter are:

. Technology-based training incorporating sound
instructional design is cost-effective in helping
American workers learn to use new equipment
and production methods and prepare for chang-
ing work environments. The training duration,
degree of learning achieved, and employee
satisfaction with instructional technology often
equal or exceed traditional classroom lectures.
Because technology-based training typically is
faster and more convenient to deliver than
classroom instruction, it saves travel expenses
and time off work.

. The costs of technology-based training are
coming down. The hardware and software have
largely matured and are affordable to most
large and medium-sized firms. Indeed, where
workstations already incorporate computers,
using them to deliver training is extremely
cost-effective. Costs are still an issue, however—
especially for smaller firms.

● Innovations that promise to reduce costs further
include: software that substantially reduces
time and labor costs for instructional design
and development, equipment and courseware
leasing options, and learning centers.

. Corporate adoption of technology-based train-
ing is accelerating. Large companies such as
IBM, Ford, and Motorola expect that by the late
1990s over half of their corporate training and
education will be delivered outside the tradi-
tional classroom using instructional technol-
ogy.

. Several factors inhibit broader use of technology-
based training today. Incorporating technology
in courses requires significant development
and preparation, and often additional capital
investment. Many corporate training personnel
have had little exposure to instructional tech-
nology and lack enough hands-on experience to
use it confidently or design courses around it.
Also, early experience with poor courses has
soured many firms on this approach.

. Several developments promise to stimulate
more widespread use of training technology
and enhance its capabilities. These include: the
increasing power and declining cost of personal
computers and other workstations and their
software, including networked systems that
facilitate development of electronic classrooms;
the ability to embed training in production and
other technological systems, bringing it to the
workstation; and advances in broadband digital
networks that will allow information of any
type-text, graphics, audio, video, software-
to be transmitted anywhere affordable.

. To facilitate spread of these developments in
the long term, training professionals (instruc-
tors and managers) will need to become more
sophisticated about instructional technology.
Senior management and human resource devel-

–183–
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opment departments must place a high empha-
sis on training technology. Corporations and
the Federal Government will have to increase
their research and development funding for
instructional technology design and for adult
learning.

TECHNOLOGIES

Instructional technology is not just hardware. The
supporting courseware and delivery setting also are
part of the technology. Box 7-A gives brief descrip-
tions of the training technologies in use today; table
7-1 summarizes their characteristics, costs, and
potential advantages and disadvantages. The appro-
priate type of instructional technology to be used is
determined by the training functions and goals
identified during instructional design (see figure
7-1).

Figure 7-l—The Use of Instructional Methods, 1989

Percent of companies with 100+ employees’

Video tape 89.3

Lectures 87.9

One-on-one instructions 70.3

Role p l a y i n g 58.1

Slides 55.1

Films 47.2

Computers 4 4

Games/simulations 43.9

Case    studies 41.6

Sell- testing 40.3
—

Sel f -s tudy 32.4

–  ‘] 11 i n t e r a c t i v e  v i d e o

Regardless of its form or delivery setting, instruc-
tional technology is an increasingly important part
of the work environment. Workers must adapt to
new equipment, new production methods, and chang-
ing work environments (e.g, teamwork, just-in-time
production methods, computer-assisted manufactur-
ing, paperless workstations). Training departments
must respond quickly with cost-effective ways for
employees to adjust. Today, many training profes-
sionals look to uses for technology-based instruction
in their efforts to reduce training time and increase
achievement in test results or job performance (see
discussion of effectiveness, below). Technology-
based training also is available at the worksite and
provides consistent quality and delivery.

Technology has the capacity to provide environ-
ments that can promote learning and work simulta-
neously if designed carefully. Computers, for exam-
ple, provide an ideal environment for unstructured
learning. They both give and respond to commands
and empower users to monitor and assess their
progress. Good videodisc and computer courseware
increasingly include interactive components (see
box 1-C in ch. 1) that involve several senses and
provide practice, repetition, and feedback-all of
which aid learning. These approaches are now also
being adopted in vocational training through, for
example, workstations with sensors and pneumatic
or mechanized components to teach electronics,
programming , robotics, and computer-aided design.

D 10.6 Videoconferencing

Ii3 8.9 Audioconferencing

4.1 computer  conferencing

NOTE: This figure is based on data from a survey with a very low response
rate. Hence, care should be taken in interpreting the results.

SOURCE: “Industry Report,” Training, vol. 26, No. 10, October 1969, pp.
31-39.

Instructional technology may help hurdle the
barriers between formal and informal learning.
Successful training often occurs in practical and
collaborative settings, such as apprenticeship, where
the concepts learned are applied to daily tasks.
Taking people away from the setting in which they
are expected to use what they learn and putting them
into classrooms risks teaching classroom practices
only. Learning may have to begin again when
trainees return to the worksite. Job aids and embed-
ded training can contribute to on-the-job informal

the kind most American workers receive.training—

Despite the potential advantages of technology-
based training, lecture/lab instruction is still perva-
sive in the United States (box 7-B). Even training
professionals usually learn about new training tech-
nologies in a traditional classroom setting. Yet, in
terms of labor costs (and often travel), classroom
instruction often is the most expensive form of
formal training to deliver. Despite the higher initial
development and hardware costs of technology-
based training, it can be cheaper in the long run if
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Box 7-A-Overview of Training Technologies

Television: The best-known and most widely-used technology-based instruction delivery system. The images,
which are captured electronically, can be transmitted directly or stored on a medium such as videotape or disc.
Telephone hook-ups can provide two-way audio capability for learner-instructor interaction. Transmission can be
from microwave towers, through cable, or via satellite.

Videotape: A means of recording live or broadcast instruction. Video cassette recorders are inexpensive and
highly reliable. Instructors can record programming to supplement their lesson plans; students can record classes,
allowing them to “attend” whenever it is convenient. Students also can replay sections they did not understand the
first time. A wide selection of commercially available programs cover most areas of training.

Analog Videodisc: Lasers store and read information—video, still pictures, text, computer graphics,
audio-on discs. Video flames on a disc are made up from 525 horizontal scan lines with red, green, and blue
components on each line. There are 54,000 frames per disc side. Videodisc currently uses a 12-inch plastic disc,
but is moving toward smaller systems (8-inch dual-sided and compact disc) and digital technology.

Computer-Based Training: Computers can be the subject of instruction, as in courses on computer literacy,
programming, or particular software packages; they can be used as tools for accomplishing other learning tasks, e.g.,
as word processors in writing courses or as design tools in graphics; they can be used to deliver instruction either
prior to application (computer-assisted instruction) or at the time and place of application (embedded training) ;  a n d
they can be used to keep track of instruction (computer-managed instruction).

Teleconferencing: Teleconferencing, including audio, video, and computer conferencing, offers an increasing
capacity to provide two-way (or more) communications. Teleconferencing can involve three technologies:
telephones, television, and computers. Audioconferencing involves interaction among a number of participants  via
telephone bridges. Videconferencing uses either full-motion or slow-scan television for interaction. Computer
conferencing primarily uses electronic message systems (e.g., voice or electronic mail, bulletin boards) via local
area or wide area networks or modems.

Simuliztors: Devices that duplicate the behavior of real-life machines (like ships or airplanes) or complex
systems (like subways and powerplants). They typically contain a computerized model of the real equipment, and,
depending on their level of sophistication, may duplicate all of the hardware and operating characteristics of the
equipment and its operational environment. The instructor or a computer-managed instruction system presents
operational situations (e.g., negotiating difficult terrain, specific malfunctions) to which the trainee responds.

Job Aids: Devices for helping a person remember or learn how to do a task when that task is to be performed
(e.g., checklists, templates). Job aids (as well as embedded training and performance support systems) are designed
to reduce the reliance on recalled skills and knowledge; they ensure effective performance on jobs in which specific
skills are used infrequently or when a series of tasks must be performed in a particular order.

Performance Support Systems: A computer-based advanced form of job aid. A performance support system
might incorporate any combination of text, graphics, audio, still video, applications software to perform specific
job tasks, databases, expert systems, interactive training programs, assessment systems, and feedback and
monitoring systems.

Embedded Training: Embedded training is instruction that is an integral component of a product or system.
Because microchips are incorporated into so many workplace devices, it is possible to embed training in the devices
themselves. This is a form of computer-assisted instruction, but instead of providing training in anticipation of need,
it is offered at the point of application.

SOURCE: Office of Technology Assessment, 1990.

there is a large enough trainee population over which ing them to bad school experiences or associating
to spread the costs, or if the hardware and/or them with remediation.
software already are in place (e.g., computer-based There are several reasons why so much training
training, embedded training).  Moreover,  some work- uses  l i t t l e  t e chno logy . 1 Firs t ,  pr in t  mater ia l s  and

ers are uncomfortable in classroom situations, relat- o v e r h e a d  t r a n s p a r e n c i e s  a r e  c o n v e n i e n t  t o  u s e .

IGreg Kearsley, “Instructional Technology and Worker Ixarning  Needs,” report prepared for the Ofllce of Technology Assessment under
contract No. L3-5615, February 1990.



Table 7-l-Characteristics of Training Technologies

Extent of Degree of Estimated
Usea Delivery interactivity development Estimated Potential Potential

Medium (percent) settings possibleb time delivery costc advantaged disadvantages d

Lecture/lab

Television

Videotape

Videodisc

Computer-based

Videocon-
ferencing

Audiocon-
ferencing

88

90

89

21

44

11

9

Group/
classroom

Group/
classroom or
individual

Group/
classroom or
individual

Group/
classroom or
individual

Group/
classroom or
individual

Group/
classroom or
individual

Group/
classroom or
individual

Potentially very high but
depends on skill of
instructor

No branching; Iittle
feedback; little self-
direction

No branching; Iittle
feedback; little self-
direction

Varies; extensive
branching, feedback, self-
direction possible

Varies; extensive
branching, feedback, self-
direction possible

Dependent on group;
little self-direction

Dependent on group;
Iittle self-direction

1-30
hrs/hr

80-240
hrs/hr

80-240
hrs/hr

40-1,000
hrs/hr

8-300
hrs/hr

1-40
hrs/hr

1-40
hrs/hr

Usually very high, including
trainee time off work;
hardware is minimal

Low trainee time off;
hardware is $1,000-$10,000
depending on equipment
and type of programming

Low trainee time off;
hardware is $1,000--$5,000;
coursewareis$100-$1 ,000

Low  trainee time off;
hardware is $400-$10,000;
courseware is $70-$12,000

Low trainee time off;
hardware is $1,000-$l0,000;
courseware is $50-$10,000

Low trainee time off;
hardware is  $2,000-$10,000
per site
Low trainee time off;
hardware is telephone
system

Familiar; provides social
interaction; adaptable to any
subject

Familiar, available at
numerous sites  including home

Familiar; available at
numerous sites including
home; can be viewed at any
time; courseware readily
available
High interactivity;
eventually will be available
at numerous sites including
home and the work station;
excellent transfer to work;
adaptable to most subjects;
wide content variety; can
be used at any time

High interactivity; available
at numerous sites including
home and the work station;
excellent transfer to work;
adaptable to most subjects;
wide content variety;
courseware is easy to
modify; can be used at any
time

Social interaction; provides
feedback

Social interaction; provides
feedback; inexpensive;
available at numerous sites
including home

Scheduling is difficult; often
boring because trainee
interest and involvement
are so dependent on
instructors skill; poor
transfer of training to work

Scheduling is hard without
VCR; often boring; poor
transfer of training to work;
low interactivity; difficult
to customize
Little interactivity; difficult to
customize, often boring

Hardware usually
dedicated to training; high
cost for high level of
interactivity; existing
courseware difficult to
modify

if hardware has to be
dedicated to training then
cost is high; some trainees
are intimidated by
computers

Complex logistics; high rest;
adaptable primarily to soft
skills
Scheduling is difficult; lack
of visual presentation
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Computerp
conferencing

w

Simulators

Job aids

Embedded
training

4 or individual Varies; extensive 8-300
or team branching, feedback, self- hrs/hr

direction possible

NA or individual All levels Months
or team to yeas

100 At worksite NA usually
little

NA At worksite NA Incorporated
in equipment
development

(weeks to
years)

Low trainee time off;
hardware is  $1 ,000-$10,000;
courseware is  $50 to $10,000

Low trainee time off;
hardware is $10,000 to
millions

Minimal

Low trainee time off;
hardware is incorporated in
equipment cost; may add
tens to thousands of dollars
to those costs

High interactivity; available
at numerous sites including
home and the work station;
excellent transfer to work;
adaptable to most subjects;
wide content variety;
courseware is easy to
modify; can be used at any
time
High interactivity; excellent
transfer to work; avoids
danger; presents wide
variety of situations; saves
real equipment costs

Provides on-demand
training; easily modified;
excellent transfer to work
Provides on-demand
training; excellent transfer
to work

Low social    interaction;
computer intimidation; high
cost for dedicated
hardware

High cost for advanced
hardware; low social
interaction

May not be used by workers

Difficult to design; requires
new approach to product
engineering with significant
advance planning

%ased  on survey data from Fortune 500 and private companies with sales of $500 million or more.
bsee ~X I-C  for a discussion of the various aspects of interactivity.
CHardw~e  and ~urseware  COS~  usua[~  an be  spread over  numerous  tr~ning  sessions;  ~SO,  in the -Se of w, v“~eotape,  and computer-based training, hardware may be USed for other pUfPOSeS.

~hesewill notoccurautomatically  but depend on thequaiity  of the training program, the appropriateness of the technology to the training function, the skill of the instructor (if any), and other variables.

SOURCE: Office of Technology Assessment, 1990.
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Box 7-B-Classroom Training at NUMMI

New United Motor Manufacturing International (NUMMI), a joint venture between General Motors and
Toyota in Fremont, California cross-trains maintenance mechanics who are responsible for all plant maintenance
plus special projects such as building robots. Trainees spend 5 years studying five trades (plumbing, pipefitting,
welding, electrical, and machinist). The program includes about 20 percent lecture (theory) and 80 percent lab
(troubleshooting small equipment, making projects), supplemented with on-the-job training. It is much less
intensive in any one trade than registered apprenticeship programs, however. Graduate trainees receive a United
Auto Workers electrical journeyman card and a State of California multi-craft journeyman card, neither of which

would be recognized by other unions.

Before entering the program, candidates take placement tests in both basic skills and their individual crafts.
Basic skills deficiencies are remediated in class contexts (e.g., math skills in blueprint reading). Classes are 2 hours

a day, at the end of each shift; during the most intensive training, classes meet 4 days per week (for this period, a
trainee is in the workplace 48 hours per week). The lab component of each course includes 10-15 projects that the
trainee has to complete satisfactorily. Each project has three basic steps: describe the process, make a materials list,
then return the finished product for review of quality/quantity. The projects range in difficulty from trouble-shooting
small electrical devices to machining parts to welding. Trainees have to pass each class with a score of at least 80
percent or repeat it. Training continues on the shop floor as those mechanics most skilled in one field assist their
co-workers in maintenance tasks.

Training aids in the laboratory include basic electrical units (e.g., volt-ohm-meters, circuits, switches, small
motors), machine tools, welding booths and equipment, and other equipment and tools common to the factory (most
were scrounged rather than purchased).

The maintenance mechanics feel their productivity has improved as a result of cross-training ( e . g . ,  o n e
cross-trained worker often can complete repairs that previously required two or three specialized maintenance
workers). However, in some crafts-particularly electrical-the mechanics do not feel they have had sufficient
training to tackle complicated repairs without assistance from a union-certified journeyman.

SOURCE: Office of Technology Assessment 1990.

Printed materials are highly reliable, relatively subject-matter experts assigned training responsibil-
i n e x p e n s i v e  t o  d e v e l o p  a n d  r e p r o d u c e ,  a n d  a r e

portable and compact.  Almost any kind of subject

c a n  b e  d i s c u s s e d  i n  p r i n t ,  a n d  a  w i d e  r a n g e  o f

material is available. On the other hand, print gets
unwieldy for large amounts of information, and it is
neither interactive nor dynamic. Overhead transpar-
encies also are handy and have largely replaced the
blackboard in training classes. Transparencies are
easy to prepare, can be used many times, allow color
and graphics, and can be written on the spot. The
projectors are reliable, affordable, standardized, and
require little skill to operate.

Second, many instructors have had little exposure
to instructional technology. Even those who have
had courses about training technology usually have
not had enough hands-on experience with it to use it
confidently or to design courses around it. More-
over, many corporate training personnel have little
formal background in instruction. More often they
are trained in human resource development or are

ities.

Third, incorporating training technology in courses
can require much more development and prepara-

t i o n .  M o s t  i n s t r u c t o r s  d o  n o t  h a v e  t h e  t i m e  o r

resources to prepare such courseware. Even hand-
written lecture notes take less time to prepare than
good overhead transparencies. As courseware moves
into videotape or disc, computer-based material, or
teleconferencing, the amount and cost of develop-
ment and preparation increase appreciably.2

Fourth, developing good technology-based train-
ing material often requires a team approach. Instruc-

t i o n a l  d e s i g n e r s  p r o v i d e  t h e  l e a r n i n g  a p p r o a c h ;

subject-matter experts provide the substance; tech-

n i c a l  e x p e r t s  d o  t h e  c o m p u t e r  p r o g r a m m i n g  o r

produce video materials.  Yet teaching traditionally

has been a solitary affair.

Fifth, traditional classroom instruction has a
major social component. It provides an opportunity
to visit with colleagues rarely seen in the normal

?fbid.
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workday. Often, break-time conversations are as
informative as the classes.3 Some people also like
the opportunity to travel.

Finally, some topics have not yet meshed well
with technology-based delivery, particularly man-
agement skills.4

TRAINING TECHNOLOGY USE IN
INDUSTRY TODAY

Few data are available on the extent to which
instructional technology is used in industry. Most
organizations do not systematically collect data
about their training activities (e.g., number of
students, types of courses). In large corporations,
decisions to use training technology often are made
on a departmental basis with no organization-wide
accountability. Many applications of technology are
considered experimental and are not included in
descriptions of training. Other technologies such as
overhead transparencies and videotapes are so mun-
dane no one bothers to describe them. 5 Also, many
companies do not respond to survey requests for
training data.

Nevertheless, two sets of training technology
survey data are available for 1989. One survey
conducted by Training magazine obtained responses
from around 1,500 companies with 100 or more

employees  about  the  k inds  o f  t ra in ing  de l ivered ,

how, and to w h o m .6 The survey had a very low
response rate. However, the data are included in this

report as a rough indicator of the level of use. Figure

7-2 shows the percent of companies using different

ins truc t iona l  methods .7

A second survey conducted by the American
Society for Training and Development (ASTD)
polled 200 human resources executives in Fortune
500 corporations and privately-held firms with
annual sales over $500 million about their use of

computer-based training (CBT), interactive video-
disc (IVD), and teleconferencing.8 The ASTD re-
sults show 81 percent of responding companies
using computers in training, 50 percent using IVD,
and 33 percent using teleconferencing (see figure
7-3).

One thing seems clear from the survey data—
large corporations are more likely to use technology

in training.  For example,  44 percent of all  corpora-

tions responding to the Training survey do computer-
based training, but use increases to 64 percent for
responding corporations with 10,000 or more em-

ployees. The figures were 11 percent and 34 percent
for interactive video training.

Other sources indicate that small businesses are
more l ikely to rely on informal on-the-job training,

and  on  demons tra t ions  and  pr in ted  documenta t ion

provided by equipment vendors. Because p e r s o n a l

computers (PCs) and viola cassette recorders (VCRs)

are  re la t ive ly  common even  in  smal l  bus ines se s ,

they also use CBT courses for computer-related
topics (e.g., a specific word processor) and video-
tapes for sales, customer service, or management
skills.9

One way that instructional technology can affect
small businesses is when it is used by their corporate
customers or offered by government or professional
organizations. Thus, a small business that supplies
parts to a corporation practicing total quality man-
agement may have to use a specific training a p -
proach to maintain its supply contract. Also, State
and local agencies may have extension or other
outreach services to aid small business. For exam-
ple, the Maryland State Department of Education
developed an interactive videodisc called “The
Business Disc’ (TBD) that provides an introduction
to starting and operating a business (e.g., type of
ownership, location, salaries, capital investment,
and cash flow). The videodisc simulates the first

3Beverly  Geber, “Goodbye Classrooms (Wdux),” Training, vol. 27, No. 1, Janwuy 1990, pp. 27-35.
4KWSley, op. Cit., footiote 1.

SIbid.
GIn 1989, fiaining magazine mailed two versiom of a mey tO 20,000 org animations culled from a sampling of Dun& Bradstreet’s directory of U.S.

businesses and the magazine’s subscriber list. Both versions included questions about training budgets, topics, and tmineea . Half of the surveys had
unique questions about interactive video and computers in tmining, and the other half bad unique questions about instructional methods. The former
received 1,542 responses, and the latter 1,588 responses. Because of the low response rate, care should be taken in interpreting the data.

7’Tndustry Repor$” Training, vol. 26, No. 10, October 1989, pp. 31-63.
s~e AS~ -w w~ distribut~ to their Human Resource Development Executive Survey P-L w~ch  includes 200 members; responses were

received from 153.

%earsley, op. cit., footnote 1.
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Figure 7-3-Technology Training Use
Percent of companies
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SOURCE: Bssed  on American %eiety for Training and Development
survey of 157 executives from Fortune 500 private firms wfth
$500 million + in sales.

year in business based on decisions that users of the

disc make in the planning  s tage .  Typica l  bus iness

issues are presented such as rent increases, personnel
policies, late deliveries, theft, and disgruntled cus-
tomers. TBD has been used at a number of small

bus ines s  deve lopment  centers  and  communi ty  co l -

leges. For example, New York State has decided to
install IVD workstations for TBD in 21 small
business centers. At the community college level,
the program is being used in business and marketing
courses to allow students to try out business ideas
they learn in class.l0

Some small businesses are franchises, for which
the parent organization encourages consistent prod-
uct quality and management, and can afford to
develop and distribute training materials. Chains
such as Domino’s Pizza, FoodMaker, and Southland
Corp. (7-Eleven) use video and are experimenting
with IVD to
worlmite.11

Despite its

train basic employee skills at the

Television

popularity as an entertainment me-
dium, ‘broadcast television is not widely used for
training (except for regular adult education) because

of:

●  high  product ion  cos t s  a n d  t i m e  f o r  p r o g r a m -
ming,

 lack of flexibility in scheduling,
● trainee boredom due to poor programming or

instructors or lack of interaction, and
● regulation of the use of television frequen-

c i e s . 1 2

Current cable television use for training consists

primarily of continuing education and similar in-
structional services provided by local community
colleges and other educational institutions. In many
cable franchise areas, these educational commit-
ments plus commercial programming fill existing
capacity. As cable systems expand their channel
capacity, introduce two-way capability, switch to
fiber optics, provide computer networking, and
enroll more households, cable will become an
increasingly attractive medium for instructional
delivery .13

Satellites are making television-based training
much more attractive. Training programs can be
delivered directly to company sites without going
through broadcast television or cable networks.
Satellites also allow teleconferencing (see below)
with two-way video for interactivity. Many large
organizations have satellite uplink/downlink equip-
ment at branches or plants and use television to

IORFrsnce, “ExperimentinginBusiness withIVD: hEvd~tioq’’1mwtionDelive~Sytim,  vol. 3, N0.5, September/October 1989, PP. 22-2A.
llK~ley, op. cit., fOOtnOte  1.

l~id.

13Norrnsn D. Kurlsnd and Assoeistes,  “The Role of Technology in the Eduestiou Trsining snd Retmining  of Adult Workers,” contractor report
prepared for the ~lce of Technology Assessmen4  Oetobe+r  1984.
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has four satellite networks, and Motorola, Ford,
Hewlett-Packard, and Kodak also use satellite tele-
vision in training.

The largest user of satellites for training today is
National Technological University (NTU), which
broadcasts hundreds of engineering courses to cor-
porations and Federal agencies (see box 7-C). As
satellite facilities become more common, more
companies will emulate this proprietary network
model. However, few organizations have yet ad-
dressed the remaining problems restricting televi-
sion’s use in training-high costs and low interactiv-

ity.  Consumer applications of interactive television

are  be ing  in troduced  now (e .g . ,  p lay -a long  game

shows, viewer-selected camera angles) .  In the short

term, however, even with satellite transmission,
television’s use for training remains limited.14

Video

Videotape is a very popular training medium.
Tape is portable and overcomes television’s sched-
uling problems. Videotape players are inexpensive
and highly reliable. A wide selection of commer-
cially available programs cover most areas of
training. For example, the American Management
Association (AMA) and the American Media Center
for Engineering Education (AMCEE) offer large
libraries of training tapes. Many professional socie-
ties (e.g., Institute of Electrical and Electronics
Engineers, American Bar Association) offer video-
tape self-study courses to meet continuing education
requirements for their members. Most large compa-
nies and government agencies produce an extensive
number of instructional tapes for their own use.
Because many American homes have VCRs, video-
tape also is a viable medium for self-study .15

Despite its wide use, videotape has limitations as
a training medium. It essentially is a linear presenta-
tion mode with only limited opportunities for
student interaction. Systems have been developed to
permit random access to tapes, but they are cumber-
some compared with videodisc.16 While it has been
used successfully in technical training (e.g., me-
chanical repair and maintenance) when focused on
narrow tasks, videotape is unsuitable for presenting
a lot of factual information. As with television

14Kemley,  op. cit., fOOtnOte  1.

ls~id.

IGKml~d, op. cit., fOO~Ote 13.
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Box 7-C—Natiional  Technological University

The National Technological University (NTU) broadcasts programs originating at universities via satellite to
corporate subscribers. There currently are 29 member universities, 55 corporations, and 15 other sponsoring
organizations, with 242 receiving sites. In 1989, NTU offered around 450 graduate courses, plus numerous
continuing education classes in non-credit Advanced Technology and Management Programs. Of the 3,000
graduate students, 655 are enrolled in degree programs. NTU estimates that around 30,000 people currently are
taking short courses. NTU averages over 250 hours of live broadcasting weekly-more live programming than
ABC, NBC, and CBS combined.

NTU graduate courses focus on engineering and computer science. They are taught by faculty members from
the member universities. Even though the courses originate from universities, NTU grants the degree
(M. S.—accredited-in   either Engineering, Management of Technology, and Materials Science and Engineering).
Corporate sponsors pay site fees to receive the programs and provide their own downlinks and classrooms. In
courses requiring lab work the sponsoring organization agrees to maintain lab facilities, either onsite or through
arrangements with nearby colleges or private facilities. The labs are subject to inspection by NTU at any time.

NTU also hosts many teleconferences (one-way video/two-way audio) as special programs for continuing
education. The topics tend to be leading edge subjects in engineering and technology, such as superconductors,
supercomputers, distributed networks, artificial intelligence, and automated manufacturing. These teleconferences
allow engineers and their managers to stay abreast of the latest developments without having to leave their offices.
The teleconferences add an interactive component to the broadcasts by allowing participants to ask questions and
share experiences, making the courses more interesting and relevant. NTU also delivers interactive technical
assistance programs to business entrepreneurs.

In general, students praise the course subjects and the instructors (who often are leading experts in their field).
However, most courses still follow the traditional television and videotape “talking head” format with little or no
interactivity; they can be dull. Also, some university camera and transmitting equipment is substandard, resulting
in poor picture quality. NTU is encouraging the member universities to upgrade their equipment and many have
done so.

Enrollment in NTU courses continues to increase; the number of graduate students admitted to degree
programs doubled in 1989. NTU predicts that by 1993 it will be providing 10 percent of the advanced study
opportunities for part-time graduate engineering students in the United States. Based on the 655 students actually
admitted to degree programs today, within 5 years NTU will be among the top 10 schools in the nation in terms
of number of M.S. Engineering degrees awarded. Although NTU is limited to engineering-related topics, it could
serve as a model for professional education in fields such as law and finance.

SOURCES: Greg Kearsley, “Instructional Technology and Worker Learning Needs,” report prepared for the office of Technology Assessment
under contract L3-5615, February 1990; and NTU annual report for 1989.

programming , videotape requires substantial devel- group or classroom instruction. The overwhelming
opment time and cost and is difficult to customize
for specific situations.17

Less common (and relatively new) is interactive
video training. About 34 percent of the large
corporations responding to the Training survey were
using some form of interactive video training (but
only 11 percent for all responding companies with
100 or more employees). Of the responding interac-
tive video users, 47 percent use a combination of
videotape and personal computer, while 61 percent
use videodisc. About 72 percent use interactive
video for self-paced instruction and 40 percent in

majority (95 percent) use at least one off-the-shelf
program; 29 percent have custom-designed pro-
gram. 18 In the ASTD survey, interactive video
applications were evenly divided among training for
managers and supervisors, sales and marketing staff,
professionals and technical workers, and skills and
craft employees.

Analog videodisc has been used in training for
several years. Interactive videodisc excites trainers
because it combines the audio-visual power of
television with a high level of interactivity that can
be used in diverse delivery settings. It can present a

17K=ley,  OP. cit., fOOtnOte  1.

18’’ Indushy Report, “ op. cit., footnote 7,
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lot of text or graphic information as well as still or
motion video and audio-often simultaneously (see
table 7-2).19 Compact discs for computers (CD-
ROM) and digital videodisc (just now being intro-
duced) provide even more storage capability (see
table 7-3 and discussion of future technologies,
below). The contents can be accessed randomly,
information can be layered to give options on the
depth and/or breadth accessed, items can be linked
for browsing or cross-reference, and branching can
be used for interactivity. Its other attractive proper-
ties include high information density and durabil-
ity. 20

Over the last few years, private developers and the
government have produced numerous commercially
available IVD training programs. For example, a
courseware guide published by IBM lists over 500
multimedia programs related to personal computers,
data processing, education, health/medical topics,
industrial technology, management/professional
skills, and other subjects.

The primary obstacle to further IVD use is
cost—it requires more development time and more
expensive equipment than videotape or computer-
based training. Even if the price were reduced 50
percent, it would be beyond the resources of many
companies that have a small trainee population over
which to spread the cost. Furthermore, IVD usually
is used for guided self-study, while the bulk of
formal training is still conducted in classroom
format. Therefore, IVD is unlikely to be adopted
widely without a firm corporate commitment.21

The lack of industry-wide standards also is a
continuing deterrent to greater investment in IVD.
Each hardware manufacturer initially used a differ-
ent operating system, and programs developed for
one system would not play on others. The Interactive
Video Industry Association is developing a standard
set of operating commands, which most hardware
and courseware producers are expected to adopt. The
Association also is working on software that will
translate existing programs to the standard com-
mands. Variations in international television stan-
dards also make it difficult to deliver IVD to

Table 7-2—Potential for Analog Videodisc
Frame Use

Motion still Compressed Digital
(minutes) frames audio (hour) data (Mb)a

30
25
20
15
10

5
0
0
0
0

0
1,625
3,250
4,875
6,500
8,250
9,875

54,000
0
0

0.00
13.53
27.08
40.61
54.16
68.75
82.28

0.00
150.00

0.00

0
10
20
30
40
48
58

0
0

221
%b = megabyte.
NOTE: This table shows howthe 54,000 frameson  an analog videodisc can

accommodate various combinations of motion and still video, audio,
and data. For example, a disc containing only one medium could
hold 54,000 still pictures, or 30 minutes of motion video, or 150
hours of compressed audio, or221  Mb of digital data. Alternatively,
the media can be combined in various ways; e.g., 10 minutes of
motion video anc16,500 still frames and54 hours of compressed
audio and 40 Mb of data.

SOURCE: U.S. vid90 C(q).

overseas locations. Users must either ship compati-
ble hardware or custom tailor courseware to local
conventions.

But many organizations believe that the training
results are sufficiently improved to just@ the
additional cost and equipment. For example, Gen-
eral Motors Corp. uses IVD extensively throughout
the corporation for technical and sales training. The
United Auto Workers (UAW) and GM have setup
a joint Center for Health and Safety that offers
dozens of self-study courses using IVD. According
to industry figures, GM alone has bought over
10,000 videodisc players for use in training. Ford
and Chrysler also use ND extensively for training.
Finally, the military has made a major commitment
to using IVD in training (see report appendix); the
Army EIDS project ultimately expects to field
50,000 players (see box 7-D).22

Interactive video appears to be especially valua-
ble in several particular training areas. It has been
used extensively in the design of simulations (see
below) for maintenance training. For example,
Federal Express developed an IVD course to teach
its aircraft mechanics how to troubleshoot and repair

lgJo~h V. Hend~~ “~i~ and Production of Interactive Multimedia SfidittiOnS, ” tutorial presented at 1 lth Conference on Interactive
Videodisc in Education and Train@, Arliugton, VA August 1989.

Wurland,  op. cit., footnote 13.
zlK~ley,  op. cit., footnote 1.

%bid.
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Table 7-3-Capacities of CD-ROM, DVI, and CD-1

Medium CD-ROM DVI CD-1

Text 325,000 pages 650,000 pagesa 300,000 Pagesa

Audio 72 minutes of CD quality 5 hours FM stereo, or 96 hours AM quality
20 hours mid-range monaural, or
40 hours near-AM quality

monaural

Still   pictures 500 high resolution 5,000 very high resolution, or 7,000 very high resolution
10,000 high resolution, or
40,000 medium resolution

Motion video with
companion audio 30 seconds 1 hour full screen/full  motion, or No full screen/full motion

4 hours, 1/4 screen/full motion, or Can show partial screen/full motion
16 hours 1/8 screen at 1/2 frame Better suited to full screen/full motion

rate animation
Mixed media example Not available 20 minutes full motion video, and Not available

5,000 high resolution stills, and
6 hours audio over stills, and
15,000 pages of text

ABBREVIATIONS: CD. compact disc; CD-ROM = compact disc read-only memory; DVI =   digital video interactive; CD-1= compact disc interactive.
aThe  amount of text  is actually the same for DVI and CD-1, but appears different due to the allotted *arZters per  pa9e.

SOURCES: G. David Ridev, “DVI-A  Digital Multimedia Technology,” and Karen A. Frenkel,  “The Next Generation of Interactive Tschnoloaies.”  both in
CornrnurIk&o&  of the ACM; vol. 32, No. 7, &Jiy 1939~-

Box 7-D—The Electronic Information Delivery System

In the early 1980s, the U.S. Army began seeking a multimedia training delivery system to replace the slide-tape
unit in use for many years. In 1983, the Army asked several companies to develop interactive videodisc prototypes.
After field testing, a specification for the Army Electronic Information Delivery System (EIDS) was established in
1986. In December of that year, the Army awarded a contract to Matrox Electronics of Canada to supply the
hardware and software. The initial contract called for a total purchase of 48,000 units over 4 years with a value of
$223 million.

The EIDS work station consists of an IBM PC/AT-type computer employing EGA/VGA graphics and a
12-inch optical laserdisc player. The system is capable of overlaying graphics on video displays, playing over 1
minute of sound per still frame, and storing/reading computer programs on the videodisc (Level IV capability). In
its most basic configuration, it has a commercial price of about $6,000 per workstation.

Actual EIDS delivery and courseware development has lagged behind due to procurement difficulties. In 1988,
14 solicitations to develop courses were authorized but none was awarded due to lack of funds. But, by 1989,
approximately 10,000 units had been delivered to Army Training and Doctrine Command (TRADOC) schools and
Army and Navy Reserve sites.

One of the strengths of EIDS is that several authoring systems are available. Computer Sciences Corp.
developed the primary one, ASSIST, for the Army; it is provided to contractors for courseware development. At
least 10 other commercially available authoring systems also can be used with a standard MS-DOS computer and
laser optical videodisc player to create EIDS courseware. Several companies have developed “generic” courseware
that can run on EIDS, and numerous vendors are capable of developing custom courseware for the military or for
civilian clients.

EIDS could be a billion-dollar business opportunity for the IVD industry. How much courseware actually is
developed will depend on EIDS’ acceptance by the military training system and the amount of funding allocated
for courseware. However, without specific technology transfer initiatives or an eager corporate champion, it is
unlikely that EIDS will be applied to civilian training needs. The choice of Matrox Electronics as the primary
contractor has not helped technology transfer because the company is practically unknown in the United States and
has made little attempt to market the system outside of military circles. Furthermore, economies of scale have not
materialized. Indeed, EIDS is more expensive than comparable systems available from other vendors or assembled
from off-the-shelf components.
SOURCE: Greg Kearsley,  “Instructional Technology and Worker Ixamn“ gNeeds,” report prepsredfor  the (Mice of Technology Assessment

under contract L3-5615, February 1990.
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electrical problems. The course allows mechanics to
take readings, test components, replace equipment,
and evaluate procedures.23

The visual and motivating characteristics of IVD
also make it valuable in improving basic skills.24 For
example, the Wisconsin Foundation for Vocational
Technical and Adult Education has developed an
IVD course called Interactive ModuMath designed
to improve students’ basic math skills. A wide
variety of students in Wisconsin technical colleges
use the course, and both students and instructors
reportedly like it.25

Another interesting use of IVD is on the factory
floor to support computer-integrated manufacturing
(CIM). Apple Computer and Martin-Marietta both
have high-tech plants that provide employees with
workstations capable of displaying brief video
sequences about different manufacturing processes.
These sequences can provide “just-in-time” train-
ing to correspond to the complex nature of a CIM
operation, which involves frequent shifting from one
operation to another. Each station replaces hundreds
of pages of printed material.26 Central monitoring
allows supervisors to pinpoint problems and deliver
needed parts, but it also can provide data on
employee performance and thus contribute to em-
ployee stress.

Finally, IVD is becoming valuable in teaching
interpersonal skills, such as sales. Workshops are the
most traditional training approach for such skills,
but workshops are of inconsistent quality, provide
little subsequent reinforcement, and have limited
practice opportunities. Thus, any excitement and
motivation workshops generate may not be trans-
ferred to job performance. IVD combined with
role-playing now promises to provide an effective
means of training in interpersonal skills (see box
7-E).27

Computers

Of all the technologies, computers have excited
the most interest for instructional applications.
Computers’ vast capacity for handling information,

Photo credit: American Association for Community and Junior Colleges

Computer-based training can be delivered at the work
station, or in a classroom or laboratory.

the variety of ways they can be programmed to
respond to user commarids, and their rapidly declin-
ing cost and increasing power, make them seem to
be the ideal “teaching machine.” To the extent that
PCs or other terminals already are available in the
workplace, they become a natural and convenient
way of delivering training. If computer equipment
must be bought specifically for computer-based
training (CBT), however, it is a relatively expensive
approach.

Computer-based training can incorporate any
information that can be stored on a floppy or hard
disk-e.g., text, graphics, data. Recent advances in
software design provide windows and branching.
Developments in storage technology (e.g., CD-
ROM and optical drives) add audio and still video
capability. Connection with a videodisc player
allows Ml-motion video. With artificial intelligence

%id.
~~e me of ~~ctio~ t=~olom in b~ic a tmining is discussed in more detail inch. 6.

‘Ibid.

~Ibid.
awd~ Ives, “sojl  Skills in High Tech Compu terizing the Development of Interpersonal Skills,” Instruction Delivery Systems, vol. 4, No. 2,

h’fareh/lipri.l 1990, pp. 12-15.
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Box 7-E—Automating Interpersonal Skills Training

Teaching effective interpersonal skills, such as selling, remains one of the biggest challenges in training today.
In many of the top insurance companies, for example, at least 75 percent of the new sales personnel leave after 3
years, largely because they are unable to develop sufficient sales skills to make an adequate income from their
commissions.

A combination of automated audio/video feedback and interactive videodisc or computer-based training
(CBT) is now being used to teach sales skills (or to aid in early recognition that one is not suited to sales). One IVD
system uses a laserdisc player, touchscreen monitor and a PC coupled with a videotape recorder, camera, and
microphone. The IVD presents full-motion/audio demonstrations of skills such as presenting credentials, then
provides review exercises with proper and improper examples of those skills. Trainees can interrupt the presentation
of a skill when a mistake is made and offer a critique of the action. Feedback is given on the appropriateness of their
critique.

The camera or audio recorder is then used to allow the students to demonstrate proper behavior. Trainees face
anew customer (provided on the IVD) and practice the skill they just saw modeled.1 Their performance is recorded
on videotape along with the customer’s conversation. Students can practice in privacy, then review their
performance based on a set of criteria (from the IVD) and evaluate their own behavior. They can erase and repeat,
practicing as many times as they wish. When they feel they have successfully transferred the training to their
performance, trainees can show the tape to the supervisor, who provides advanced coaching.

In a pilot evaluation program, insurance agents using this training program had a 16 percent increase in calls,
a 24 percent increase in kept appointments, and a 43 percent increase in approach interviews with clients. In addition,
new hire training time was reduced 30 percent over traditional classroom methods, and the subsequent on-the-job
learning curve decreased. For example, one agency that had been using the IVD system for over a year compared
10 agents who used the system with 17 trained by traditional methods. The 10 using the IVD program were at a
level 18 months ahead of the control group after the completion of training. While it is difficult to separate the impact
of the IVD training from other changes in the company, its revenues also have gone up since introduction of the
system, and the agent retention rate has increased.

IBM also experimented with an IVD system coupled with a videotape camera for teaching sales skills. In a
comparison with their traditional person-to-person role playing training, they found that trainees using the IVD
system did much better in structuring their sales calls and developing sales skills.

A second, similar, program uses CD-ROM combined with audio feedback. Full-motion video will be available
on CD-ROM within a couple of years. For some training situations, such as telephone sales, audio feedback is
actually closer to the real job situation, and full-motion video is not needed. CD-ROM also costs approximately
$2,000 less per  training station than IVD, has larger storage capacity, and can be used more easily for non-training
applications.

IAltiOUgh  the “customer” on the ND cannot respond in all of the unexpected ways a rd person might, this@ c~ge wi~ ~v~~
in artificial intelligence.

SOURCES: William Ives, “Soft Sldls in High Tech: Computerizing the Development of Interpersonal Skills,” Instruction  Delivery Systems,
March/April 199Q  and Beverly Geber, “Goodbye Classrooms (Redux),”  Training, vol. 27, No. 1, January 1990.

and hypermedia software, CBT can provide fourth- computer programming in instructional design. Da-
or fifth-generation interactivity (see box 7-B). tabase management programs make it much easier to

keep track of the elements when developing a
The advances in computer hardware and software complicated CBT or IVD program. Relational data-

also have revolutionized other areas of training. bases provide the underpinnings for performance
Computers control the interactivity in CBT and IVD. support systems.

28 Computer technology also is at
Sophisticated computer graphics and databases are the heart of emerging systems such as electronic
integral parts of simulators. Packages such as classrooms, digital networks, and virtual environ-
authoring systems have largely obviated the need for ments.

28Re1atio~ d~b~= me -nfly  tie most  powe~ ~d flexible me~s of inte~ting tie vtiolls cOmpOn~tS Of a @O rmance support system.
In a relational database, the data are represented as tables in which no entry has more than one value. This makes it ea.siex  to link data so that complex
queries can be handled rapidly.
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Table 74-Computer Use in Training at U.S. Companies With More Than 100 Employeesa (percent)

Use computers Use computers in Use computers in word- Not using but

Number of in training Doing CBT data management processing or graphics will by 1990
employees 1988 1989 1988 1989 1988 1989 1988 1989 1989

100-499 . . . . . . . . . 59.6 64.8 37.9 43.3 49.7 55.2 53.4 62.7 5.8
500-999 . . . . . . . . . 57.4 67.7 31.0 43.6 47.3 61.5 52.7 64.6 8.7
1,000-2,599 . . . . . . 67.1 73.6 45.1 48.0 57.2 64.1 59.0 67.4 9.2
2,500-9,999 . . . . . . 77.6 74.2 56.5 52.1 71.4 64.7 72.0 66.6 4.9
10,000 or more . . . 82.9 82.6 58.3 64.0 76.6 75.2 79.4 76.4 3.8
All sizes . . . . . . . . 60.8 66.2 38.6 44.1 51.1 56.9 54.6 63.4 6.2
aThe data in this table oome from a survey that had a very low response rate. Thus they only provide a rough estimate of the extent of CBT.
bRefersto  organizations reporting that they use computers in some way in connection with theirtraining efforts. This might include reeordkeeping  orotherdata
management, word processing, or creating graphics for training classes.

SOURCE: “Industry Report, 1989,” Training: Tbe Magazine of Human Resources f7eve/opment,  vol. 26, No. 10, October 1989, p. 58.

All of these features combine to create a training
medium with a vast capacity for imparting informa-
tion in a truly interactive form. Moreover, the
courseware can be edited or updated easily and at a
much lower cost than videotape or videodisc.
Finally, courseware can be sent anywhere in the
world that compatible hardware is available, and can
be used at the learner’s convenience. These advan-
tages can give CBT a substantial edge over televi-
sion or videotape training.

Provided that courseware can be developed or
purchased for a cost comparable to classroom
instruction or videotape, CBT is likely to displace
those methods of instruction in companies where
terminals are available. The development of instruc-
tional design and authoring tools that reduce the cost
and time to develop CBT is thus a key factor in
making this training technology successful on a
wider scale.

According to the Training survey, about two-
thirds of responding companies with 100 or more
employees were using computers in some aspect of
training (see table 7-4). Most of the companies use
computers for word processing or to create graphics;
many also use them for data management (e.g.,
program evaluation, test scoring, survey process-
ing). Around 44 percent of the companies use CBT.
Of those, 80 percent use it to teach people to operate
computers, 38 percent to deliver training on non-
technical subjects (e.g., management or interper-
sonal skills), and 37 percent to provide training in
technical skills.29 The ASTD survey indicates that
67 percent of the companies surveyed use CBT most

often to train professionals and technical staff; 37
percent report its use for skills and crafts training.

A barrier to CBT use arises when workers are not
familiar with computers. They often are afraid of the
technology and are intimidated by a keyboard. The
use of touch screens and light pens and the growing
use of computers to provide public information at
sites such as shopping centers and museums is
overcoming this problem. Also many CBT users
have been turned off by poorly designed programs
that only transferred printed material to disk (see
description of first-generation courseware in box
7-B). As with other training media, it is essential that
CBT incorporate good instructional development
principles, and that training managers follow such
principles in developing or purchasing courseware
appropriate to the skills to be imparted.

Today, CBT is used for a wide range of applica-
tions in industry, including technical, basic educa-
tional, and interpersonal skills (see boxes 7-E and
7-F). Although it was the PC that gave rise to CBT’s
current popularity, one of the largest uses still is on
mainframe computers to teach data processing and
other job-related skills in the insurance and banking
industries (see box 7-G).30

CBT also is used in basic skills training (see ch.
6). Efforts are underway to transfer the U.S. Army’s
Job Skills Education program (JSEP) to adult and
vocational education. McGraw Hill, in conjunction
with Apple Computers, is developing a series of
print and CBT programs to improve basic skills in
six areas (health, automotive, business, construction
trades, electronics, and office). The Adult Literacy

~“Industry Report,” op. cit., footnote 7.

%earsley,  op. cit., footnote 1.



Chapter 7—Training Technology ● 199

Box 7-F-Computer-Based Training in Industry

Computer-based training (CBT) can be used to impart technical and other skills. Some examples include:
. Anheuser-Busch in St. Louis, Missouri is using a Micro TICCIT system to teach assembly-line workers to

run beer can packaging machines. The choice of CBT is driven by a desire to improve quality control in
manufacturing and an overall modernization effort in plants. This particular training task was chosen
because it is one of the most critical aspects of beer packaging.

. Burlington Northern uses a MicroTICCIT system to teach train crews the rules of operation for railroads
(e.g., switching signals). This is mandatory knowledge fora all train crew personnel, but classroom instruction
had not proven very effective. CBT both upgrades the quality of training and facilitates its distribution to
the field.

● The Federal Aviation Administration has used PLATO to train flight inspection and maintenance specialists
for almost a decade; recently they began using CBT for air traffic controllers as well. Courses are delivered
to approximately 50 sites around the country. The heavy training load—which is difficult to meet with
classroom instruction-was the primary factor in choosing CBT.

. Bell Atlantic has developed a PC-based financial sales skills course for its telemarketing representatives. The
course includes CBT case studies that simulate the selling process and a Lotus 1-2-3 cash-flow template to
calculate lease versus purchase options. The company reports that the course improves the competence and
confidence of sales representatives.

. The Strategic Management Group (SMG), in conjunction with the Port Authority of New York/New Jersey
has developed a PC-based course entitled “Export to Win” to teach business people about exporting
products to international markets.

● Applied Learning offers hundredss of data processing courses that run under the Phoenix mainframe CBT
system. These courses are used to train staff about mainframe operating systems, applications software, and
telecommunications.

SOURCE: Oreg Kearsley, “Instructional Technology and Worker Learning Needs,” report prepared for the Office of Technology Assessment
under contract L3-5615,  Februaxy 1990.

and Technology Project coordinated by People’s CMI can range from simple reports on test
Computer Co. of California involves the use of
commercially available education software in voca-
tional education programs at community colleges
and other training centers. The Technology for
Literacy Center in St. Paul, Minnesota, uses comput-
ers in teaching adults and reports improvement in
terms of continued enrollment, student satisfaction,
and increased achievement.31

Computers also can be used to manage training.
Computer-managed instruction (CMI) allows the
instructor and/or trainee to track each trainee’s
progress through the various paths in an instruc-
tional sequence and to ensure that the right lesson
and material are assigned and available at the tight
time. With advances in storage technology and
courseware design, CBT or IVD training programs
increasingly have integrated computer management
systems. They also can be used with lecture/lab,
television, or other training methods.

performance to detailed monitoring and analyses of
trainees’ progress on hundreds of learning objec-
tives, including comparing each trainee with the
class, with all the trainees in a program, and with
corporate or national standards. In many systems,
not only can instructors, learners, and administrators
obtain reports organized in any way that is useful to
them, but they also can manipulate the data to get
answers to questions that will help them improve
course design or delivery and instructional program
management. 32

Such management is critical in any large-scale
effort to tailor instruction to individual learners and
to allow them to keep track of their own progress.
With advanced interactive (third-generation and
above) CBT or IVD courseware, learners begin with
pretesting that ensures they start with a lesson that
will neither bore them nor be beyond them. Then
each time they sign on, the system can either start
them where they left off or provide review of

slIbid.
32Kml~d, op. cit., fOOtiOte  13.
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Box 7-G-Computer-Based Training in the Insurance Industry

The insurance industry has embraced computer-based training (CBT) more whole-heartedly than perhaps any
other economic sector. Several factors explain its success in that industry. First, insurance companies already have
a strong training tradition. When this is combined with the fact that insurance companies are heavily computerized,
with almost every employee having a terminal, CBT becomes natural and cost-effective. Also, both CBT and the
material to be learned-policy information and procedures—are well-suited to tutorial strategies.

CBT in the insurance industry has the same advantages as in other sectors: employee scheduling, tutorials and
practice exercises to aid learning, and time/cost savings relative to classroom instruction. The first is probably the
most important from the employees’ perspective and the last from the firm’s.

A large insurance company in the metropolitan Washington, DC area serves as an example. The company first
got started with CBT in 1981 with an introduction to claims processing course. It failed, however, because the
system was not reliable. A few years later, another course-still in use today-was tried on a more stable system.
Today the system delivers around 20 courses with about 5 new courses being added annually. Thousands of
employees are trained on the system.

While CBT provides effective training for this company, there is an ongoing problem developing and
maintaining quality courses. The company finds it difficult to locate authors/designers who know how to develop
good CBT and can work with the corporate computer system. One segment of the company relies solely on
commercial courses that are then customized. Such purchasing reduces the development costs, but is limited to
“generic” course topics (e.g., data processing, customer service).

The insurance industry has tried to encourage courseware sharing through the Society for Insurance Training
& Education (SITE), which published a courseware catalog in 1987, with a new version in the works. This effort
has not been very successful, however, because of system incompatibilities; confidentiality problems, poor
courseware quality, and lack of customization capability. The industry hopes that vendors will market more generic
courses and provide customization, but those services will not resolve industry concerns about confidentiality.
SOWRCE:  Greg Kearsley, “Ins&uctional Technology and Worker Learning Needs,” report prepared for the Office of Technology Assessment

under contract L3-5615, February 1990.

material they may have had difficulty mastering. or hands-on experience can only be achieved for
Thus the system not only allows more options for
instructor management, it also puts the pace of
learning in the hands of the trainee-a factor that is
particularly important for many adult learners.33

Teleconferencing

All forms of teleconferencing have been explored
for training. The Training survey shows 11 percent
of responding firms using videoconferencing, 9
percent audioconferencing, and 4 percent computer
conferencing. In the ASTD survey, 33 percent of the
firms use teleconferencing of some form, primarily
for management and supervisory training.

Audioconferencing is relatively inexpensive, but
is limited by the lack of visual presentations-most
people find it hard to participate actively without
visual cues to indicate who is to speak next.
Moreover, the instructors have no way of telling if
anyone is paying attention. Finally, demonstrations

purely audio skills (e.g., telephone sales).

The Kansas Board of Regents has for years
operated a statewide audioconferencing system,
primarily for part-time adult learners. The courses
focus heavily on continuing education in various
professions. Students may participate either at con-
ference centers located throughout the State or from
their own phones. The primary advantage of the
system is that it enables people to take courses who
would not otherwise be able to do so or could do so
only if the instructors went to numerous off-campus
locations. Studies over the years indicate that
students in the telecourses do as well as on-campus
students.34

As the U.S. Public Switched Telephone Network
(PSTN) becomes more digital with more capabili-
ties, it may become less a telephone network and
more a general purpose broadband network capable

3sIbid.

%id,
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of carrying all types of traffic, including audio, data,
and video. Transmitting a live telecourse with full
audio and video interaction may be no more difficult
than making a telephone call is today .35

For training applications, teleconferences involv-
ing one-way video (i.e., broadcast television) with
two-way audio (telephone) links are perhaps the best
compromise in terms of cost and quality of informa-
tion transmitted. This allows full presentation of
visual information and lets participants ask ques-
tions or make comments at any time. A fax machine
allows two-way transmission of hard-copy at little
additional cost.36 Compressed two-way video also is
becoming more economically feasible for larger
companies.

Many large corporations, including IBM, Motor-
ola, and AETNA, have satellite-delivered television
networks that are used for training teleconferencing.
AETNA, for example, delivers a business writing
skills course to over 1,000 employees at more than
50 branches via teleconference. In a classroom, the
course takes 2 days; via teleconferencing it reduces
to two 1.5-hour sessions (with some preclass work) .37

Until recently, teleconferencing was used only by
the handful of organizations that could afford the
equipment and could find instructors willing to try
it. With the advent of large-scale digital networks
and satellite links, the use of teleconferencing for
training is likely to become more commonplace.
However, it still will require significant preparation
time and relatively complex logistics, which may
deter many training departments. Nevertheless, in-
creasing pressure to reduce travel time for training is
likely to be a major boon for teleconferencing.38

Computer conferencing also is relatively inexpen-
sive if the hardware is available, and it gets around
the scheduling problems of audio- and videoconfer-
encing. With the increasing prevalence of personal
computers, more organizations are beginning to use
computer conferencing as part of distance learning
activities. For example, the Western Behavioral

Sciences Institute has used computer conferencing
for several years for high-level management semi-
nars. Participants do not have to take time away from
their jobs. Moreover, they can relate what they are
learning in the seminar directly to their jobs because
many of the exercises involve analysis of real
problems in real time.39

The International School of Information Manage-
ment in Irvine, California has a masters degree
program using computer conferencing to conduct
seminars and provide student/instructor interaction.
Boise State University has a masters degree program
in Instructional Technology that also uses computer
conferencing for remote delivery of courses. This
program is supported by, and designed to meet the
needs of, the U.S. Army and the National Guard.
Because most large corporations already have elec-
tronic mail systems in place, the potential exists to
use these systems for training activities.40

Simulators

Until recently, good training simulators were too
costly except for the most dangerous situations (e.g.,
flight training, nuclear reactors). With the advent of
microchips and videodiscs, however, simulators’
costs have come down (although the most sophisti-
cated simulators are still too expensive for all but a
few civilian applications). Moreover, manufacturers
have developed commercial software packages for a
variety of simulations.

The Training survey shows 44 percent of respond-
ing companies using simulations or games of some
type. While many of these may not be technology-
based, the response rate illustrates the growing
recognition of the value of simulation in training.
Simulators give trainees hands-on experience with-
out the risk of personal harm or damage to an actual
machine or system. Moreover, simulators help
trainees prepare for equipment failure and other
unpredictable events. Simulators can present a wider
variety of malfunctions than is possible on opera-
tional equipment or systems. Also, with today’s

35UOS.  co~~~, ~lce of T~~ology ~s=sm~~ ~“~”ng for  ~rning: A New COIUW for  E&cation,  OTA-SET-430”  ~_O~  ~:  U.S.
Government Printing Oftiee, November 1989). See also U.S. Congress, Office of Teebnology Assessmen4 Critical Connections: Communication for
the Future, OTA-C’IT-407  (Washington DC: U.S. Government Printing Office, January 1990).

3fjKa1ey,  op. Cit., foo~ote  10

37~id.

3sIbid.

S%id.
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technology, the time between failures is so long that
maintenance personnel rarely see some types of
breakdowns. Rather than getting training they prob-
ably will forget by the time they need it, technicians
instead can go through a simulation of a failure when
it occurs.

In addition, simulators can be used at any time and
can accelerate the rate of learning since more
training opportunities can be provided in a shorter
time than with real equipment. They can be designed
to focus on specific learning objectives, and they
provide consistent and accurate feedback on trainee
performance.

Further, simulators may be less costly to produce
and operate than actual equipment. Flight and driver
simulators save wear-and-tear and fuel; gunnery
simulators save ammunition. Simulators also can
incorporate CMI and automatically maintain train-
ees’ records, providing more information about their
performance than is possible with actual equipment.

Common examples of simulators are in the
training of:

●

●

●

●

●

●

●

●

air crews for all types of aircraft;
ships’ officers in docking and navigating super-
tankers, with sophisticated simulators reproduc-
ing the conditions of the major world water-
ways including detailed graphic or video presenta-
tions;
operators of nuclear and other energy plants;
technicians in the operation of communications
satellites;
space shuttle crews;
process operators in chemical plants and refin-
eries;
boiler operation and maintenance crews (see
box 7-H); and
driver simulators (box 7-1).41

The fields of computer graphics and animation
now use low-cost simulators to prepare people for
more powerful graphics design machines. High-
speed animation also is useful in creating environ-
ments where it is impossible to film at all, e.g., to
create an interactive microscopic world, or to model
the human anatomy. Imaging systems can convert
data into pictures that help people grasp even very
abstract concepts. In medicine, for example, one

Box 7-H—A Boiler Simulator

Lack of training was causing accidents and
unacceptable downtime in organizations that use
recovery boilers.1 The problem was severe enough
that insurance companies were threatening to cut
off insurance for the machines. Yet recovery boilers
are sophisticated pieces of equipment that cost $90
million and are 14 stories high; training operating
and maintenance/repair personnel on a real boiler is
dangerous, and demonstrating malfunctions could
become expensive.

The J.H. Jansen Company of Woodinville, Wash-
ington, which makes Kraft recovery boilers for the
paper industry, developed a boiler simulator called
Recovery Boiler Tutor (RBT). The simulator,
which uses an expert system, presents trainees with
scenarios representing boiler inefficiencies, prob-
lems, or emergencies. These difficulties can be
resolved in 20 to 30 moves, with the learner
choosing options such as “add oxygen” or “open
flue.” When trainees get off track the system
prompts them with comments such as “Have you
noticed that the trend lines are askew?” or “The
oxygen is much higher than it should be. ”

Learners have three options for interacting with
RBT: they can ask for a scenario that starts with a
particular problem to solve or one that starts with
the boiler operating normally and then develops a
problem that must be diagnosed, or they can adjust
simulated dials and meter readings to create a
problem.

RBT took 18 months to develop, and is now used
in more than 80 plants in the United States, Canada,
and Europe. Within months of its first installations,
several insurance companies offered discounts to
plants that trained with RBT

IRecoveryboilers are used to recycle cb~cals  by ~O@
process water and concentrating tbem.

SOURCE: Peter R. Kirrane and Diane E. Kirrane ‘What
Artificial Intelligence is Doing for ‘hiniog;”  ~ruin-
ing, vol. 26, No. 7, July 1989.

aspect of physician training is learning how to relate
blips on a screen with the organ generating the blips.
Students can see arteries expand and contract under
differing stimuli. These images are not merely
simulations, but computer transformations of data
into pictures. Thus students can achieve understand-
ing of processes and interactions much more directly
than ever possible before.42

411bid.

4Qid.
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A new twist in the use of simulators is the
capability to network individual simulators for
teamwork. DoD currently is implementing a concept
called SIMNET, which connects simulators of
armored vehicles as well as tactical aircraft and
artillery and their field commanders to operate
together for real-time combat exercises (see box
7-J). Networked simulators eventually could be
relevant to civilian teamwork situations such as
surgery and major equipment malfunctions (e.g.,
mass transit breakdowns, wide-area electric power
blackouts); in the meantime, the computer graphics
and network aspects are likely to make important
contributions to the technology base.

Job Aids

Job aids are valuable whenever the skill or
knowledge required is used infrequently, so that
even if people were trained, much of what they are
required to do might be forgotten when needed. Job
aids also are used where workers must remember
many detailed steps and do them in proper se-
quences. At the high-tech end, some forms of job
aids are evolving into embedded training ( s e e
below).

Virtually every worksite uses job aids of some
type, even if it is only a worker’s handwritten list or
notes. Job aids are more cost-effective than most

Box 7-I—A Truck Driver Simulator

Shell International Petroleum Company Limited, London, has a large truck fleet, and wanted to reduce its
annual accident rate. Shell’s safety experts determined that a lack of defensive driving was the primary problem,
rather than inadequate driver skill. Using interactive videodisc IVD), they developed a truck driver simulator that
teaches defensive driving, including constant alertness and readiness to respond to potential hazards before a
situation becomes dangerous.

The main objective of the simulation is to encourage defensive driving through a series of cause and effect
situations. Shell accomplished this by constructing and videotaping 20 different road hazards based on visual clues
(from a driver’ s-eye view) of potential danger ahead. The hazards include slippery and dark roads, pedestrians and
cyclists, distractions within the cab, and other common causes of accidents.

Because timing is critical to defensive driving, learners must act within a certain time period when they think
a hazard situation is developing. Thus each clue incorporates three time periods: in time, late, and too late. When
the learner reacts, the program stops the action and displays a list of possible responses to the situation (with the
“too late” time period offering no positive choices). The outcomes vary from complete avoidance of danger to
realistic crashes and embarrassing newspaper headlines. The driver rating (defensive, inattentive, dangerous) for
each hazard depends on the combination of timing and action selected.

A replay option explains the clues that led to each hazard, with text and graphic overlays including a timeline
indicating at what point each clue occurred. Other options include a pre-drive vehicle safety check and a practice
drive during which learners are encouraged to experiment with various combinations of timing and action. After
practice, learners may select a test drive, which contains seven hazards in a row. As in real driving, each hazard can
be dealt with only once. The program gives the final score and rating at the end of the test drive. The courseware
also includes a database of facts about the 20 hazards, which the learner can access at any time.

Shell International has not yet undertaken a formal evaluation of Defensive Driving’s effectiveness. Anecdotal
reports from drivers suggest, however, that it is improving the way they think about road hazards The clue sequence,
in particular, appears to help drivers form a mental model of the development of road hazards and sharpen
observation skills.

The U.S. military also uses driver simulators (e.g., the M-1 tank simulator). A truck driver simulator also is
a test program for DVI (see discussion of digital videodisc). Simulators have a potentially wide application in driver
training, where they would be safer for preliminary training, and could save fuel and vehicle wear-and-tear. They
also could be used in driver’s license testing, where they would provide consistency and decrease cost and enhance
safety.
SOURCB: Deborah H. BlanlG “Defensive Driving: Shell’s Interactive Commitment to Safety,” Instruction Delivery Systems, vol. 4, No. 2,

March/April 1990.
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Box 7-J—SIMNET: Networked Simulators in Military Training

A continuing problem in military training is providing enough hands -on practice in the operation and repair
of equipment, including weapons, support vehicles, telecommunications gear, and logistics hardware. In many
cases, it is too risky or expensive, or physically impossible to use the actual equipment for training. Consequently,
the military has become a big advocate of simulators (see appendix).

Even simulators historically have been unable to provide hands-on training in team skills and group
coordination, however. To be effective on and off the battlefield, soldiers and their commanders must be able to
function as a unit. SIMNET is a research project initiated by the Defense Advanced Projects Research Agency
(DARPA) to connect simulators via local and remote networks. In its current configuration, SIMNET consists of
250 networked simulators at 11 sites (7 in the United States and 4 in Europe). Equipment simulated includes Ml
tanks, M2/3 Bradleys, fighter aircraft, helicopters, command/fire control elements, and a battalion operation center.
Evaluation is of both the combat soldiers and their commanders. Preliminary data indicate that SIMNET
significantly improves unit performance.

While any of these networked sites can “fight’ any other, incompatibility among programming and equipment
(e.g., operating speed) is a continuing problem. The installed base of military simulators uses a wide range of
databases (e.g., for terrain imaging), communications protocols, and levels of hardware sophistication that are
incompatible. Thus a tank that moves behind a building on its simulated terrain may still be in plain view on its
opponents’ screens. Similarly, the amount of data flowing through the satellite network led SIMNET to adopt
relatively simplistic rules for updating screen images. These provide unrealistic positioning of high-speed objects
(e.g., fighter aircraft). Finally, SIMNET accommodates the varying levels of visual fidelity in simulators through
a lowest common denominator, which fails to use the full capability of the more sophisticated (and expensive)
systems. These problems do not make for realistic battle simulations.

The services and their contractors are now developing standards for databases and communication protocols
that will alleviate these problems. Target completion date is May 1991.

SIMNET pushes the state-of-the-art in technologies related to computer animation and 3D graphics as well as
packet-switched networks.1 It also presents new training opportunities, such as replaying the recorded performance
of a unit to analyze mistakes. In addition, it opens up the possibility of “what if” experimentation in combat
situations-something not really possible in field exercises.

SIMNET is having major repercussions for the nature of future military training. It also is likely to influence
civilian training in any application requiring teamwork, especially when multiple sites are involved (e.g., disaster
preparedness). It also could be useful for interpersonal skills training in areas such as management, sale, and
customer service, although teleconferencing is more likely to be used for these applications in the near term.

IPacket-switc~g  WaS develop for data communication between computers. Digital information is packaged iIltO small Piwes call~
packets, each containing information about the source and destination of the data and the relationship of that piece to the whole message. The
packets are transmitted separately through the networlq sometimes taking different paths depending on which ones are iiee at the moment. See
U.S. Congress, Of13ce  of Technology Assessment, Critical Connections: Cmnmu nicarionfor  the Fz4ture, OTA-CIT-407 (Washington DC: U.S.
Government Printing OffIce, January 1990).

SOURCES: Greg Kearsley, ‘‘Instructional Technology and Worker Learning Needs,” report prepared for the Office of Technology Assessment
under contract L3-5615, February IW, and W.A. Demtis,  “All lbgether  Now,” Military Forum, Novesnber/December  1989.

formal training, often can be developed faster than Many of the most effective job aids do not require
an instructional program, are more timely in that technological devices at all; well-designed print or
they provide the training at the immediate point of graphic materials are often all that is required. For
need, are more easily updated than instruction, and example, on an automobile production line, where
often are more relevant to specific jobs. They also torque requirements vary among components and
can aid in the transfer of training to job perform- models, a table printed in large type showing the
ance.43 needed torques might hang at the appropriate point

A3Kml~d, op. cit., footnote 13.
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on the line. A similar table would be used at the
quality control checkpoint. Such job aids do not
differ much from old-fashioned maintenance manu-
als except in the attention that is given to their design
and access.44 Other examples of job aids include the

checklist that flight crews use before a plane takes
off, and computer keyboard templates that remind
the operator which function keys do what.

Embedded Training

Embedded training is instruction that is an inte-
gral component of a product or system. In a
computer, for example, it is easy to provide online
training (help screens, tutorials) as part of the system
(see box 7-K). Most other devices that use microc-
hips now include diagnostic circuitry that speedily
identifies any malfuction; some also describe how
to repair it. Automated manufacturing systems also
now include built-in training and documentation
(e.g., the Martin Marietta and Apple factories
discussed previously). DoD also is interested in
embedded training, which has focused the interests
of military R&D contractors on embedded systems,
and may hasten their transfer to civilian technolo-
gies.45

The movement toward embedded training is
being driven by a number of forces in contemporary
technology, including the increasing capacity of
microchips, their incorporation in more and more
equipment, and the speed with which new technol-
ogy is introduced. Equipment life is getting shorter.
When a machine was expected to last 20 years or
more, traditional training with a high initial cost was
cost-effective. As the life expectancy of equipment
has dropped to 5 years or less, it has become too
costly to train workers in the traditional way every
time a new machine is introduced. Embedded
diagnostics and training reduce both the preservice
training time and the onsite repair/maintenance
time.46

Embedded training has many advantages over
other forms of instruction. The most important is
availability-training is always available when needed.

Thus, embedded training is useful for applications
where it is either impossible or not cost-effective to
train everyone who uses apiece of technology about
all of its operational characteristics. For example,
office copy machines today often include graphic
displays that show where a problem occurred (e.g.,
a paper jam) and list the steps needed to remedy it.

Second, embedded training is available at the
work station and is focused on the worker’s immedia-
te needs for operation or repair. Third, it makes it
possible to combine the sound instructional design
principles of good formal off-the-job training with
the best features of informal training (e.g., co-worker
interaction, immediate opportunity to apply the
results). Embedded training also simplifies the
logistics of providing training to customers or
employees because it is delivered along with the
product or system.47

With embedding it also becomes possible to shift
costs from employees to customers. One of the most
visible examples is the automated teller machine.
The next step is moving the teller function into the
home via telephone and/or computer-a service now
offered by many financial institutions. Indeed, as the
technology of embedding improves, the skills needed
by the end-user decrease to the point where vendors
are now shifting the responsibility for installation
and maintenance to the user.48

However, embedded training is difficult to design
and many current efforts are not very successful. To
be effective, the information must address the
specific questions or problems that people might
have when using or repairing equipment. A lot of
empirical work with prototypes and typical users is
needed to anticipate the full range of questions or
problems that might arise. User-testing early in the
design cycle is a relatively new concept in system
development, and most engineers have not been
trained in such data collection methods.49 Also, if
the training provided is too restrictive, it can inhibit

‘W.bid.
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Box 7-K—The Manpower Services Training System

In the early 1980s, Manpower, a temporary employment service for offices and factories, saw that with changes
in technology it could no longer expect to find personnel who were able to use the full range of client equipment.
Manpower searched unsuccessfully for an existing training system that would be time- efficient, cost-effective, and
work for many people with widely varying backgrounds at dispersed locations. The company found the training
programs and manuals supplied by equipment manufacturers too hard to understand. Moreover, it felt that most
off-the-shelf training programs taught more than was needed to begin machine use. Overly ambitious programs
might increase learners’ fear of new technology, which were great enough already.

Instead, Manpower developed Skillware, a series of computer-based training programs to teach operators the
hardware and software they will use on assignments. Skillware has modules that differ in difficulty (basic, advanced,
and executive) and in application (special features, graphics, databases). It is personalized and contains humorous
elements intended to help hold trainees’ attention and reduce their fear of the equipment (see figure). Training may
last from a few hours to 2 days depending on the module. Skillware is job-specific, teaching a temp only the skills
that clients request. To achieve this, it uses scenarios; i.e., the trainee works for a fictitious company and has to
complete a task for that company by the end of the course.

At a computer terminal, trainees proceed at their own pace through on- screen tutorials and instruction booklets
(computer/software manuals written in clear language). Each tutorial/exercise segment can fit on a single screen and
focuses on a basic operation (e.g., moving the cursor, printing a computer-edited document). A training
administrator is available to answer questions, but Manpower prefers that trainees work themselves out of jams (as
they might need to on assignment). At the end of training, the trainee is asked to compose a letter about the training
program to Manpower’s  president; an acceptable letter is seen as a valid performance  test. (Some letters have offered
suggestions to improve training that Manpower has adopted.) After the training, each operator receives a “quick
reference” manual (containing terms, functions, and replicas of tutorial screens) to take to the job.

Recently, Manpower initiated a skills assessment system for job applicants (including applicants for temporary
light-industrial positions). As the company rejects few applicants, the system serves primarily to place people in
appropriate positions. For office placement, Manpower uses a work-sample test to assess editing, proofreading,
clerical, and word-processing skills and to determine applicants’ training needs. The assessment system for
light-industrial applicants includes performance tests to measure sorting and checking, tool-related assembly,
printed circuit board and small-parts assembly, and coordinated rapid movement. Written tests assess aptitude for
tasks such as inspection and logging production. (Manpower does not yet offer training to its light-industrial
temporaries, but recognizes that the trend toward automated manufacturing could require such training soon.)

The company provides Skillware free to all employees, including its light-industrial  temps. (A 2-day course
costs Manpower $100 per trainee for equipment, material, and development.) The company feels Skillware is a
powerful recruiting tool-people who know they can get free computer training may be more apt to sign up with
Manpower than with another temporary agency. When not on assignment, office temporaries are encouraged to
come to a Manpower office to learn another software program or familiarizee themselves with new equipment.

The company has begun to train permanent workers at client organizations. For example, IBM hired Manpower
to provide a training program for IBM’s System/36 customers. In return for training those customers, Manpower
gets access to pre-releases of IBM hardware and software so it can anticipate future needs in the temp market.

Manpower continues to invest in training research and development to stay on top of the ever-changing world
of office hardware and software. (Currently the firm spends around $3 million annually, but it spent $15 million
for R&D in the first 2 years of the Skillware project.) Manpower believes the success of its training and R&D efforts
is reflected in its market success; in 1989, sales were $3 billion-double those of the nearest competitor.

workers’ ability to use their intuitive knowledge and are developed after the system or product is com-
to foster innovation.50 pleted. The inclusion of training specialists as part of

Thus, good embedded training requires that in- the design team often requires organizational changes

structional system design experts work with product and different skills in the training department.

design engineers. Traditionally, training materials Finally, artificial intelligence techniques may be

%titute  for Research on Learning, The Advancement of Learning, undated  pamphlec  John Seely Brown and Paul Dugui4 “Design for
Implernentability,” paper presented at the conference on Technology and the Future of Wor& Palo Alto, CA March 1990.
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necessary to create embedded training programs that
can pinpoint what the user wants to know.51

In time, the movement toward embedding could
affect many aspects of workplace training. In theory,
far less training would be needed prior to assignment
to a specific task, reducing the cost of training.
Moreover, embedded training occurs at the worksta-
tion, improving transfer of learning to work. The
involvement of instructional systems experts in
product design also improves the human factors
aspects of equipment. Finally, fewer workers would
be needed because equipment operators increasingly
can also perform routine repairs and maintenance.

THE COST OF TECHNOLOGY-
BASED) TRAINING

There are several elements in the cost of technology-
based training. The easiest to fix are the purchase
costs of hardware (e.g., PCs, IVD systems, satellite
dishes) and off-the-shelf courseware. Additional
costs may be incurred in adapting the courseware or
retraining instructors. If off-the-shelf courseware is
not available, custom courseware development costs
also must be considered. If frequent updates are
needed, they will add to the longer term costs. Other
costs relate to the delivery setting (e.g., rewiring a
classroom for teleconferencing, adding computer
tables to switch from a lecture to a CBT format).
Finally, the labor cost of delivery (time off work)
must be considered. Table 7-5 shows the training
budgets for various sized companies in 1989. These
data suggest that the smallest companies spend less
than $100 per employee on training while compa-
nies with more than 500 employees spend $100 to
several hundred dollars per employee.

Classroom training often has a very low front-end
cost. Most companies have a conference room or
other area that can double as a classroom. Support-
ing hardware (blackboard, overhead projector,
flipchart) and printed materials are relatively inex-
pensive and easy to obtain. Lab equipment usually
can be scrounged from operating departments; class
projects are even a way of saving repair and
maintenance costs. The instructor often is a subject-
matter expert from within the company or is hired on

a contract basis. However, classroom training  is
consistently shown to be the most expensive in terms
of the labor costs of delivery (time spent away from
the work station) and travel to a central corporate
classroom or a course offered by another organiza-
tion. Costs rise dramatically for companies or
agencies with offices throughout the Nation or
around the world.

Table 7-6 compares the costs of other common
technology-based training systems. All costs vary
with the level of sophistication of the system and
courseware. The number of participants also can
affect direct costs (e.g., for satellite services). If a
learning site needs to be rewired for satellite,
teleconferencing, cable, or other services, these
modifications will add substantially to the costs.52

Trade-offs between the convenience of off-the-
shelf courseware versus the cost of programs tai-
lored to specific needs also must be considered.
Many training analysts argue that most good training
has to be situation-specific and cannot be met with
off-the-shelf or generic programs, no matter how
good. Some floppy disks and erasable videodiscs
can be updated or adapted to individual corporate
needs with little effort; other programs cannot be
altered easily or require remastering. Also, there is
little independent evaluation of the claims for
effectiveness of off-the-shelf programs.

Custom courseware development costs vary widely
depending on the medium, program length, and, for
CBT and IVD, level of interactivity and sophistica-
tion as well as the development tools used (e.g.,
authoring systems, supporting databases). A CBT
courseware designer at Boeing Aerospace and Elec-
tronics estimates that he can design a 20-minute
CBT course in about 4 hours (excluding any video
or graphics work) using a relational subject-matter
database. In contrast, the instructional design depart-
ment at Stromberg-Carlson estimates that it takes
them 300 hours to produce 1 hour of CBT compared
with 30 hours to produce 1 hour of classroom
instruction. 53 Estimates from consulting companies
range from 50: 1 to 600:1 depending on the complex-
ity of the course and its subject matter. The actual
authoring may only take 15-20 percent of the

51K~ley, op. cit., footnote 1.
SzSeech. 3 ~d app. B of LJ~”ngfor~arning:A  New Course~orEducan”on  provide detailed assessments Of the cost Componmts of dis~ce lx

systems, OTA-SET-430 (WasbingtorL DC: U.S. Government Printing Clftlce, November 1989).
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Table 7-6-Technology-Based Training Costs

Medium Equipment Hardware off-the-shelf courseware

Television TV set $250-$3,000 $0-cable or other subscription cost
Satellite dish $800-$10,000 $200-$5,000

Videotape VCR $150-$500 $100-$10,000 purchase
$50-$200 rental

Video camera $700-$2,000
CBT PC $750-$10,000 $50-$10,000

Workstation $10,000-$50,000
Authoring system $100-$5,000

IVD Level la $400-$1,000 $50-$5,000
Level II $1,000-$2,000 $300-$5,000
Level Ill $5,000-$10,000 $500-12,000
Authoring system $500-$8,000

Digital video DVI $2,000-$21,000 NA
CD-1 $3,000 NA

ABBREVIATIONS: CBT. computer-based training; CD-1 = compact-disc interactive; DVI = digital video interactive; IVD = interactive videodisc; NA. not
available; PC= personal computer; VCR = videocassette recorder.

aln  this m~e~, “level”  refers to the type and capabilities of the hardware.

SOURCE: Office of Tdnology  Assessment, 1990.

development time and initial design and testing
quality assurance the remainder.

IVD course development costs also vary with the
sources for the video/audio/graphic components.
Some IVDs and CD-ROMs available today are
“resource discs” with still frames, audio, or video
for various situations. The purchase price may
include royalty costs. If, however, original film and
sound must be recorded, the production cost will
drive up the price. Total costs for a l-hour course
that uses available resources may be as low as
$4,000, while a 5-hour course that requires filming,
sound recording, and computer programming may
cost several hundred thousand dollars.

Several innovations promise to reduce the cost of
technology-based training. Authoring systems and
other instructional design tools, resource discs, and
relational subject-matter databases substantially re-
duce the development time and labor costs. Equip-
ment and courseware leasing options reduce the
front-end costs for training that is delivered infre-
quently. Some professional associations are promot-
ing the concept of ‘shareware” for training  materi-
als. Learning centers are being established that
provide services such as satellite links and CBT and
IVD training stations, with accompanying course-
ware.

THE EFFECTIVENESS OF
TRAINING TECHNOLOGIES

The concept of “good” training has two distinct
lines of thought that are only now beginning to
merge. The first is adult learning theory, which has
engendered a wide range of approaches to training,
many of which have undergone little empirical
evaluation. The second is corporate productivity—
training is effective if it appears to improve job
performance and reduce costs. While little empirical
research has been done in this area, the focus on
productivity gains did promote the use of standard
instructional development principles to ensure that
training was specific and relevant. This section
evaluates the available data comparing technology-
based training with conventional methods. The
following section discusses adult learning theory
and instructional systems design.

Few companies have the time or resources to
compare the cost-effectiveness of different training
delivery systems. Many training delivery decisions
are made in an atmosphere of ‘crisis management’
and, while not arbitrary, are more often based on a
combination of the available training funds and the
training manager’s experience with a particular
system than on a measured consideration of short-
and long-term benefits. Evaluation of training bene-
fits and costs is usually informal and cursory-often
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based on word-of-mouth feedback from participants
and their supervisors.54

Most training managers are not themselves
trained in benefit-cost analysis. Even if they under-
stand the theory, there are practical obstacles to its
application, including the difficulty of quantifying
training benefits, the subjectivity and questionable
nature of the assumptions underlying such analysis,
the inability to separate the influence of training
from other factors that might improve performance,
and the time and financial resources needed for
analysis. Benefit-cost analysis also is not usually a
management priority, either because it is not seen as
valuable or because training itself is not an integral
part of the corporate operating strategy .55

The lack of benefit-cost analysis can mean that
training departments can hide ineffective training—
whether a bad program or course, or training that
simply does not transfer to the workplace. For good
training, however, benefit-cost analysis can elevate
training to a line item that improves productivity and
profits rather than a staff function that spends
money. Thus, benefit-cost analysis might justify a
separate corporate training department and contrib-
ute to making training part of a company’s underly-
ing business philosophy.56 Increasingly, companies
are shifting budget responsibility for training to
operating managers to promote cost-effectiveness.
This places greater demands on trainers to keep the
operating managers informed about developments in
instructional technology and available courseware.

Ironically, even when benefit-cost data are avail-
able, they may have little influence on decisions to
use technology-based training approaches, which
are often made on entirely different grounds. Some-
times the rationale for using training technology is
for the training manager or corporation to appear to
be on the “leading edge” and thus attract positive
media attention. Another rationale is convenience
(e.g., adopting CBT because the computer terminals
are already in place) .57 On the other side, the
potential long-term effectiveness may be overshad-

owed by front-end hardware or courseware costs
(e.g., IVD).

When cost-effectiveness evaluations of technology-
based training are conducted, they often compare a
subject taught via conventional classroom instruc-
tion with the same subject delivered via technology.
This is an oversimplification for three reasons. First,
they may reflect the simplistic view of technology as
hardware, and thus ignore variables such as the
quality of the software or courseware or the skill of
the instructor. Second, technology-based training
usually requires a change in teaching strategy and
media and often involves a shift in course content
and approach as well as the delivery setting. Third,
these comparative studies assume there is a simple
dichotomy between classroom and technology-
based instruction. But classrooms often use a range
of technologies, and technology-based instruction
may be delivered in a classroom setting. A typical
training course involves several types of instruc-
tional activities, some of which are more suited to
the use of technology and some of which require
lecture or discussion.58

Yet thousands of comparative studies have been
conducted, especially for CBT, IVD, and simulators.
Despite any oversimplifications that may be inher-
ent in the study design, the study conclusions have
been corroborated with years of corporate, military,
and government experience with technology-based

training.

Table 7-1 summarizes some of the potential
benefits from various types of instructional technol-
ogy. None of these will occur automatically; they
require the right combination of instructional skills
and courseware design with training appropriate for
the task being learned. (Similarly, the potential
disadvantages listed in the table depend on a wide
range of variables.) Figure 7-4 illustrates ASTD’s
survey data on the cost-effectiveness of three
training technologies.

One of the most consistent findings about the
cost-effectiveness of good technology-based in-
struction is that training duration can be reduced

ficp~ A. ~~=do,  ~~Do  tie Benefits  of Trx JUS@ tie Costs?” Training & Development Journal, VO1.  43, No. 12, D=mkr  1989)  PP.
60-64.
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Figure 7-4-Reported Cost-Effectiveness of
Training Technology
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30-40 percent relative to traditional classroom
lectures. This reduction appears to occur because of
the design and delivery elements of technology-
based training (adaptable to individual learning
styles, self-paced, more private; see boxes 7-L and
7-M). This reduction in training time translates to
large cost savings in less time away from the job and
often lower travel costs. Organizations also can
deliver more training over a given period.59

The best technology-based training also shows
increased achievement in terms of test results,
retention, and/or job performance (although the
latter is difficult to measure). When coupled with
computer-managed instruction, such training can
provide automatic collection of data on student
performance and help identify training problems.
Moreover, many students report that they find
technology-based training more interesting and en-
joyable than classroom lectures. Students also have
less fear of giving a wrong answer than in a group
situation. Because the courseware is delivered in the
same way each time, its quality is more consistent
and reliable than classroom instruction. Fluctuations
in the number of trainees and their backgrounds can
be accommodated more readily. In most cases, the
training also is available when and where the

employee needs it without waiting for travel or
course scheduling. This also improves access for the
disabled. Finally, trainees can learn and practice
more types of procedures without downtime or
damage to real equipment, and without safety
concerns on dangerous equipment (see box 7-1).60

The appropriateness of the training technology to
the task being learned is an important element of
effectiveness. Most training professionals agree that
high-tech delivery systems are best suited to techni-
cal skills. Teaching someone the series of steps in
processing an insurance claim or assembling equip-
ment is a good application for CBT or IVD. Most
trainers also agree that traditional settings such as
classrooms and workshops are needed for imparting
interpersonal skills, management training, and cor-
porate culture building. Yet high-tech systems are
beginning to make inroads here also (see box7-and
the discussion of performance support systems,
below), and their use probably will increase as
artificial intelligence techniques make video simulat-
ions of personal interactions more realistic. The
delivery setting also can influence technology effec-
tiveness (see box 7-N).

Most of the evidence about the cost-effectiveness
of training technology comes from the armed
services. A recent Institute for Defense Analyses
survey examined data from 100 studies on the
cost-effectiveness of CBT, flight simulators, and
maintenance simulators, with most studies showing
that technology-based training saves time and re-
sults in higher achievement.61 A survey of 31 studies
of IVD training (15 military, 3 industrial, 13 higher
education) concluded that IVD was more effective
than conventional instruction in almost all cases.
The more interactive features used, the more effec-
tive the IVD) training appeared to be (see box 1-C in
ch. 1).62

Stromberg-Carlson, a Florida telecommunica-
tions company, devised an IVD simulation of new
telephone switching equipment it produces and
compared the simulation with training on the actual
equipment. The IVD program was faster because
more students could use it at any given time, and the

~id.
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Box 7-L-The Effectiveness of Interactive
Videodisc in Training

Although its use has grown slowly, IVD is
becoming an increasingly common training tech-
nology. Evaluations-when conducted-seem to
be uniformly positive. Some examples are:

. Goodyear Tire & Rubber compared a video-
disc training program for mechanics on using
an oscilloscope and multimeter with the same
training via videotape or classroom. In actual
job performance tests after training, the IVD
approach produced the best results. Further-
more, trainees indicated a preference for the
IVD  course.

● McDonnell Aircraft Company in conjunction
with Digital Equipment Corp. developed a
videodisc training program for computer-
aided design (CAD). The program cut training
time for this course from 12 hours to less than
8 hours for all trainees, decreased the cost per
student hour, reduced teaching loads, and
resulted in better retention of the material.

. IBM conducted research at its Corporate Man-
agement Development Center comparing three
ways of using IVD (instructor-led, small
groups, and self-study) with classroom in-
struction for an employee relations course.
Learning gains scores and  mastery levels in the
IVD approaches were better than classroom
instruction alone.

● GTE of California compared IVD with class-
room instruction in training technicians to
troubleshoot a statewide data network. The
IVD  training was superior in retention and was
well liked by the employees.

SOUR=:  Greg Kearsley,  “Instructional Technology and Worker
Mrning Needs,” report prepared for the Office of
Technology Assessment under contract L3-5615,
February 1990.

retention rate was higher because students had more
access time.63 -

INSTRUCTIONAL DESIGN
Worker training’s cost-effectiveness is always an

issue. Some training fails to impart the appropriate
skill for the job, misses some aspects of the skill,

includes irrelevant information, or does not match
the trainees’ backgrounds and learning styles. This
can mean ineffective training for a cost that is higher
than necessary. To help training become relevant,
complete, lean, and suitable, a set of principles and
procedures has been devised to guide instructional
development. First devised in the mid-1950s, these
principles have evolved with changes in adult
learning theory, and now are used widely throughout
industry, government, and the military. In recent
years, these principles and procedures have become
partially automated with computer programs for
designing and authoring instruction.

Adult Learning

In 1973, Malcolm Knowles, then a professor at
Boston University, argued that the traditional peda-
gogical approach to teaching children is inappropri-
ate for teaching adults in most situations.@ H e
introduced a new approach—termed andragogy-
that was more flexible, participative, experience-
based, and problem-centered.65 While it has been
challenged on several grounds, andragogy’s most
important contribution probably is that it created a
greater sensitivity to the needs and interests of the
learner.

Today, training developers use needs analysis
(see discussion of instructional development, below)
to determine the best approach to imparting a task.
For some training situations, pedagogical methods
make the most sense-for extremely technical
topics, for example, or for tasks that follow rigid
performance steps, or for subjects entirely new to
learners. 66

At the same time, good training programs increas-
ingly recognize the tremendous diversity among
adults, including the wide range of ages, attitudes,
educational backgrounds, learning styles, and in-
structional goals and settings. For example, adults
with the most formal schooling are more likely to

63~&r, op. cit., footnote 3.
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Box 7-M—A Comparison of IVD Delivery Settings

Historically, research comparing group and individual learning for lecture/lab has shown that the group settings
are superior in promoting achievement and productivity. Studies that compared CBT using pairs and individuals
found similar results. Only one such study has been performed with IVD. It compared group, paired, and individual
instruction on the same courseware, with the pairs yielding the highest achievement, followed by groups and then
individuals.

The predominant instructional setting with IVD has been individual instruction. Its major advantages include
self-pacing to accommodate individual learning rates, knowledge levels, and training needs; and flexibility in
scheduling and the physical setting. Using IVD in pairs also allows self-pacing (if the trainee pair was chosen
properly), is only slightly less flexible in scheduling, plus it cuts collective learning time in half, facilitates learning
through discussion, and builds rapport among trainees, which can encourage networking between departments and
can resolve multicultural differences. Larger group instructional settings for IVD are gaining popularity. They
provide: an opportunity to tailor generic courseware to a company’s needs, in that the instructor can add to or modify
the IVD to create discussions or skip sections; the dynamics of group interaction and debate; the popularity of group
socialization (e.g., coffee breaks); and, in some cases, more cost-effective training. However, scheduling becomes
less flexible, self-pacing usually is sacrificed, and there is more fear of giving wrong answers.

Each training situation will be different, however. Companies need to conduct trials with different delivery
settings to determine which is best for their training needs. The advantages of paired or group learning may be
insufficient to overcome the costs of multiple training stations or scheduling conflicts.
SOURCES: Richard P. I..oolmtclL  “Options for Interactive Video,” Training & Development Journal, December, 1989; J. Vadas, paper

presented at Sixth Conference on Interactive Videodisc in Education and Training.

feel comfortable in structured classes and lectures.67 and effective learning, more research on adult
Many trainees do not want to examine options and
decide for themselves how to perform a task; they
may consider it a waste of time when the instructor
could tell them what to do and they could get back
to work and do it. Similarly, some adults enjoy
andragogical activities such as group role playing,
while others find it silly or are intimidated by the
situation. Finally, some people learn best by listen-
ing, some through group discussion, some by
reading, others through visual cues, and still others
through experiencing and practicing.

Adult learning theory has stimulated much debate
over the last 20 years. Yet there is little basic
research or evaluation of different approaches to
applying the research in training. Despite the enormous
sums spent on education and training, and despite
the shortcomings evident in both systems, applied
learning research has never been well supported
except by DoD. Much of the current focus is on how
to fix schooling. Yet the rapid pace of change in
technology and work means what people need to
learn is in constant flux. To promote more flexible

learning  and how the results of that research can best
be applied in the workplace is needed.68

There are several different areas that need further
exploration. For example, more research is needed
about the different combinations of learning ap-
proaches most likely to help people learn on the job
(e.g., ways to combine formal and informal instruc-
tion, the roles of co-worker guidance and repeated
practice). The apprenticeship model, for example,
can promote flexible, powerful reasoning that trans-
fers to other situations. Embedded training systems
can be designed that take advantage of equipment
operators’ intuitive skills while helping them de-
velop a deeper understanding of the processes
involved.69 Performance support systems have the
potential to provide structured on-the-job training in
a wide range of situations.

Instructional Systems Development70

Based on the current understanding of adult
learning, a model or procedure for instructional
systems development (ISD) has evolved that can

67fiid.
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contribute to more effective training. The five basic
stages of the ISD process are: analysis, design,
development, implementation, and evaluation (see
figure 7-l). This model is now followed in the
military, by many large corporations’ training de -
partments, and by many designers of custom training
programs. Instructional systems development also is
offered as a degree program or included in the
human resource development curriculum at some
universities (the ASTD database shows 2 undergrad-
uate ISD degree programs, 27 masters’ programs, 13
PhD, and 8 cetificates). However, many human
resource development personnel or subject matter
experts assigned training responsibilities have not
been exposed to ISD. Also, ISD principles rarely
enter into training decisions made in a crisis
management atmosphere (as many such decisions
are), or in informal on-the-job training (the kind
most workers receive). Moreover, while ISD can
save money in the long run, the upfront costs can be
considerable.

The first stage of ISD, analysis, helps corporate
trainers (and managers) define training needs more
precisely (or determine whether training is the
appropriate solution to the problem) by describing
the tasks or skills to be imparted and developing a
trainee profile. This analysis contributes to the
overall design of the training project, including the
medium (e.g., lecture, videotape, computer, IVD)
most appropriate for the training. The design deci-
sions are then developed into a combination of
courseware and hardware (or a decision to purchase
off-the-shelf courseware).

In theory, before full-scale implementation, ISD
also includes some field testing-formative eval-
uation-of the behavior of people using the training
package. Revisions can then be made before the
finished product is produced for the training site.
Ideally, the training program also is evaluated (and
revised as needed) after implementation to deter-
mine how well the training transfers to employee
performance, both at the end of training and on the
job. In practice, however, few companies devote
substantial efforts to evaluation.

Depending on the type of training package being
prepared and the resources available, ISD may
involve a team of experts or one or two people. For
an involved IVD simulation, a team might include
instructional designers, subject matter experts, com-
puter programmers or video producers, and writers.

On the other hand, a simple CBT package (e.g., how
to fill out a corporation’s forms) now can b e
produced by training personnel well-versed in ISD
principles working with instructional design tools,
resource discs, and a good authoring system.

There are several issues surrounding the ISD
process. First, many corporate trainers are adminis-
trators, not designers. They may fail to determine
whether off-the-shelf courseware was developed
following ISD principles before they purchase it.
Next, development of a good, comprehensive train-
ing program can cost hundreds to thousands of
dollars. Task analysis, trainee profiles, and evalua-
tion are especially costly, and companies often
bypass or abbreviate them in order to save money.
Yet these are key steps in the production of good
training materials.

Establishing the medium also is critical for quality
and cost considerations. A well-designed videotape
or lecture (with supporting visuals or other tools)
may be all that is really needed to impart the
information, but translating that information to a
computer program might save trainee time away
from the worksite. On the other hand, the computer
program might cost too much more to develop and
implement. Some companies have chosen CBT or
IVD as the medium because it is the leading edge
without considering whether the medium is appro-
priate to, or its cost justified by, the task. They
frequently are dissatisfied with the training results.

Automating Instructional Development

Training programs are generally hand-crafted and
relatively labor intensive. Until recently, quality of
the programs was almost entirely dependent on the
developers’ skill and experience. Now, however,
software tools are becoming available to aid in
training design. These include both instructional
design and authoring tools.

These tools can facilitate the development and
implementation of cost-effective training materials.
The tools promise to be a major area of research and
commercial activity within the next 5-10 years.
Authoring systems already are established as an
important category of software tools for training
departments. Work on automated instructional de-
velopment systems that cover all aspects of analysis,
design, and evaluation is in its nascency. The
application of expert systems to instructional devel-
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opment also is at an early stage but is likely to catch
on quickly.

The overall effect of these tools will be to make it
easier and faster to develop cost-effective training
programs. Less expertise (either ISD, computer
programmingg, and/or subject-matter) will be needed
to create high quality training materials.

Instructional Design Tools

Instructional design tools are software packages
that help designers in the analysis, design, and early
development stages of ISD-everything up to au-
thoring. The software also may provide project
management capabilities for the ISD process. These
automated instructional development systems are
new (only a few are available commercially) and it
is difficult to generalize about their features. Be-
cause many of them were developed for military
projects, they often are linked to military design
specifications and integrated logistics support re-
quirements.71 The key parameters to look for in such
a system include the amount and type of built-in
expertise, whether a system is advisory or opera-
tional, the skill needed to use it, the number of tasks
it performs, the types of training technology it
supports, its flexibility, and the hardware platform it
requires. 72

The amount and type of expertise built into the
software ranges from basic online help systems to
elaborate programs using artificial intelligence.
How much expertise is required depends on the type
of training package being developed and on the
designer’s skill. Some software includes a variable
amount of expertise that can be accessed (turned up
or down) as needed. Software maybe targeted either
to ISD experts or subject matter experts. Some
packages are advisory only; they provide checklists,
flowcharts, templates, and other job aids for the
designer. Others actually do the production based on
the data entered (e.g., they perform the task analy-
sis). The number of tasks the software performs also
varies. Some programs do only one step, some do
several. Those that include the entire process are still
in the development stage. The software may be

generic, in that it applies to all types of training
technology, or it may be specific to CBT, IVD or
large machine simulators (ships, planes, tanks).
Finally, they may run on anything from a PC to a
large mainframe.73

Instructional design tools have the potential to
improve the productivity of training developers in
many ways. By automating mechanical tasks such as
sorting information or drawing charts, developers
save considerable time. Easily accessible databases
also speed up the development process. As job aids,
such tools can compensate for a developer’s lack of
either ISD or subject matter expertise and can help
maintain consistency in the quality of training
programs. Combined with project management soft-
ware and electronic mail, these tools can improve
project tracking.74

To date, however, most of these systems were
designed as part of research projects to investigate
how automated tools could improve the quality or
efficiency of training development. The research
merely demonstrated that working systems can be
built. No studies have been done yet that compare
training packages developed with instructional de-
sign tools with those prepared manually, either in
terms of quality or time/cost savings. Moreover,
development of these tools has been on a path
separate from the development of authoring sys-
tems, which focus primarily on CBT and IVD. The
front-end results of instructional design tools do not
yet feed directly into scripting and authoring.75

A special category of instructional design tools is
available for expert systems and intelligent tutors.
Indeed, one of the more important applications of
expert systems in training may be to provide
intelligent job aids for instructional system design.
Some programs provide “shells” for the creation of
expert systems or intelligent tutors. These shells are
prewritten programs that help a designer develop an
expert system/tutor without programming skills. As
with other design tools, the system suggests organiz-
ational or teaching strategies and/or makes recom-
mendations about design approaches based on the

71K~@, op. cit., footnote 1.
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content information provided. They also may pro-
vide advice about evaluation and course administra-
tion.76

Expert system/tutor shells also face the general
problem of the current lack of knowledge about how
to design effective training materials. Also, there
have not yet been any comparative evaluation
studies. Conceptually, such shells are easier to
construct than ISD tools because all the designer
needs is several experts who can consistently
perform a task with good results.77 However, trans-
lating that knowledge into rules and programming it
may still be difficult and time consuming.

Authoring Tools

Authoring tools use high-level language program-
ming to create interactive computer-based course-
ware (either CBT or IVD). Authoring languages are
either standard computer languages (e.g., BASIC, C)
or a language designed for creating instructional
material; they require skill in programming. Author-
ing systems are programs that help people write
other programs. The systems allow an instructional
designer or subject matter expert with no program-
ming background to create computer-based course-
ware.78

Authoring systems followed quickly on the heels
of the PC. In 1985, there were around 12 authoring
systems; the number expanded to over 100 and then
shrank to around 80 today.79 Most of them support
interactive video and provide computer-managed
instruction. For some of the more popular systems,
there are also user groups and consultants available
for training or contractual development. Several
firms are now adapting authoring systems for digital
videodisc (see discussion of future technologies).80

Authoring systems vary widely in their sophisti-
cation and capabilities. Most present menus that
allow the developer to choose input from a variety of
sources (databases and resource discs of video,
audio, and computer graphics), specify types of

interactivity, select features such as windows and
overlays, and choose presentation styles (such as
video wipes or other transitions). Once these are
specified, the system automatically generates a
program that should be bug-free. Eliminating the
need for programming and debugging can reduce
development time substantially .81 Authoring sys-
tems do vary in their flexibility-the extent to which
the user can shape the process. Menu-driven systems
often are easy to use and learn, but they can restrict
flexibility. Others are transparent in the sense that a
programmer can change code.82

Authoring systems have evolved to the point that
programming is no longer a major consideration in
the development of computer-based instructional
materials (other than which system to use). How-
ever, knowledge of ISD principles usually is still
necessary. Unless they are trained in the design of
interactive instruction, most training developers do
not have a clue which options to select to make
effective training materials. Eventually, automated
instructional design tools will increase productivity
in this area, but the developer’s skill will still be
critical. Another problem is the lack of hardware
standards for operating systems and for peripherals
such as videodisc players, so that authoring software
would work with all types of devices. Standards for
interfaces (e.g., CD-ROM drives) also are needed.83

FUTURE TRENDS FOR
TRAINING TECHNOLOGIES

The rate of increase in the adoption of technology-
based training is accelerating. By 1993, 93 percent
of the executives from large firms polled by ASTD
project ‘some’ or ‘‘substantial’ CBT applications,
with substantial use more than doubling over 3
years, from a current 12 percent to more than 29
percent (see figure 7-5). IVD applications are
projected to increase to 71 percent use, with
substantial use growing from 7 percent in 1989 to 15

76c~y cm, ~~~pti Swtem: -t DO  ~ey Mwnfor  Training’?” Training, vol. 26, No. 12, Dec*eI 1989,  PP. Ala.
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Figure 7-5-Projected  Use of Training Technology,
1990-92
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percent in 1992. The executives project teleconfer-
encing to increase to 54 percent by 1992.

At IBM, technology was used to deliver no more
than 5 percent of the company’s education in the
early 1980s. At the beginning of 1990, training
technology use had increased to 30 percent. More-
over, IBM adopted technological delivery media at
a much faster rate from 1985 to 1990 than during
1980-85. IBM projects that by the end of the 1990s
about 60 percent of the company’s training will be
delivered outside the traditional classroom using
some form of technology. Northern Telecom Inc.
also is moving rapidly toward technology-based
training. Although 90 percent of its training still
takes place in classrooms, as recently as 5 years ago
that figure was 100 percent. The corporate training
director projects that the rate of shift will increase
rapidly, with  ultimate  plans to move toward the
performan ce support system concept (see below).84

Several factors explain the more rapid shift
toward technology-based training. First is hardware
and software maturi       ty and the availability and lower
cost of off-the-shelf programs. An installed base of
training technology platforms (e.g., computer termi-
nals, satellite dishes, VCRs) makes it difficult not to
use technology-based training. The entry of more
computer-literate students into the workplace also
will spur the growth of technology-based training.

Finally, the limitations of most classroom training in
terms of retention and transfer to job performance
will lead managers to be more open to technology-
based approaches.85

Many technological advances that are or could be
available in the near future could spur this shift and
greatly affect worker training of all types. Almost all
of the advances use hardware, software, and con-
cepts that exist now but are not yet used for
instructional purposes or that will be used in
radically new ways. Advances in storage, speed, and
peripherals will make computers much more acces-
sible for training. Software improvements will result
in improved courseware. Electronic classrooms and
digital networks will make multimedia training
available anywhere at any time. Longer term ad-
vances will radically alter the way people interact
with computers and provide an entirely new environ-
ment for simulations.

These changes will allow more learning on
demand-usually at the normal workstation but
increasingly in the field or at home-as well as more
training that is controlled by the learner, more
embedded training, and multimedia training is
responsive to the individual trainee’s learning style
and pace. In the long term, these developments also
could profoundly change the way many people work
(e.g., by eliminating the need for a fixed or regular
worksite in service industries) as well as the way
they learn. Training would become even more
integral to work and not separate from it.

Computer Technology
Advances in computer technology should greatly

increase its utility for training. Options currently
requiring a host of equipment may be incorporated
in one unit. This integration will facilitate embedded
training and performance  support systems. Low-
cost, easily usable optical character readers will
increase access to information resources, particu-
larly in rapidly developing fields. The storage
capacity of future PCs will be enormous based on
some form of optical disk such as erasable CD-
ROM. Cellular modems will allow users access to
electronic message systems and online databases
without the need for a phone jack. An integral fax
will provide hard copy. Built-in television reception

$%cbcr,  op. ck, foo(notc  3.
ss~.
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will give access to broadcast services.86 Voice
synthesis will allow access for the disabled and
reading deficient and will enable workers of all types
to receive instructions without taking their eyes
away from their work. Over the longer term, speech
recognition could reduce the time and effort needed
to learn to operate complex machines or software
systems, and enable anyone to generate multimedia
programs without a keyboard, mouse, or touch-
screen.87 Voice recognition systems already are used
in data collection to enable personnel not trained in
computers to work effectively in a computerized
environment. In automobile quality control, for
example, voice recognition has proven faster than
manual data input, and allows the inspector’s hands
to remain free for tactile tasks (e.g., feeling paint
scratches) .88

The evolution of personal computers has a num-
ber of implications for training. First, the projected
increase in the use of computers in the workplace
and at home will make it unnecessary to buy them
specifically for training (except for electronic class-
rooms). The increasing portability of computers will
facilitate embedded training, performance support
systems, and just-in-time training-putting the means
to pull information into the workplace at the time
and in the form it is needed. With the evolution of
multimedia workstations, computer and videodisc
training will accommodate individual learning
styles more easily.

Even though personal workstations will eliminate
many of the current problems associated with CBT
hardware, there will still be compatibility and
quality issues. Various operating systems will have
differing capabilities and will run only particular
types of courseware. Some displays will look better
than others, some machines will access/display
information more quickly, some machines will
sound better than others. This range in performance
characteristics usually will be determined by price,
and access to the most advanced CBT will be limited
by the training budget.

Software

Software developments that axe especially prom-
ising for training include hypertext and hypermedia
systems that enable the construction and use of
relational databases, and applications of artificial
intelligence to learning. Automation of instructional
systems design and improved authoring systems
(discussed above) also show

Hypermedia

Hypertext or hypermedia
the term for a new method
databases that allows users

great promise.

(if it’s multimedia) is
for organizing online
to pursue connections

among different items of information, rather than
being confined by a hierarchical structure such as a
menu system. The authors link information (docu-
ments, graphics, or audio or video sequences), create
paths through a body of related material, annotate
existing texts, and create notes that point readers to
either bibliographic data or another referenced text.
Users also can make notes and add annotations or
create their own links and paths. Systems that
support multiple users allow researchers, instructors,
and learners to communicate and collaborate within
the context of a database.89

Emerging hypermedia systems will include more
sophisticated navigational tools. These might show
what links a reader followed to get to a document,
which would facilitate incorporation of an intelli-
gent tutor or computer-managed instruction system.
Filtering would allow users to bypass links and
concentrate only on those of particular interest.
Alternatively, hot links would force the user down a
particular path.90

Hypermedia presents a new paradigm for sharing
information in an integrated fashion. Once instruc-
tional designers become familiar with its capabili-
ties, hypermedia is likely to have wide-ranging
impacts on courseware. To date, most instructional
uses have been in education, but hypertext and
hypermedia are beginning to be applied to embed-
ded training and performance support systems. They
will be less useful in applications where the task to

86Kemley,  op.  Cit., foomote 1-
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be learned is highly structured and needs to be
learned quickly.91

Artificial Intelligence

Research has been conducted for many years on
the application of artificial intelligence (AI) tech-
niques to instructional material design. AI typically
focuses either on intelligent tutors or expert systems.
Intelligent tutors are computer-based instruction
programs with a large amount of background infor-
mation. They include associative networks, the
capability to draw inferences from programmed
rules, and the ability to build models of students’
behavior based on their interaction with the program
in order to diagnose misconceptions and assess
learning. Intelligent tutors and have the potential in
time to provide much more effective learning
tools. 92

Expert systems are programs that incorporate the
rules, facts, concepts, procedures, calculations, and
rules of thumb used by experts in a field. This
knowledge base is then applied to generate conclu-
sions about the learner’s input (see box 7-N). Expert
systems also can ask questions about an equipment
malfunction and diagnose the problem. In real-time
systems (e.g., in manufacturing or military settings),
data come from sensors rather than answers to
questions. When applied to training, expert systems
can be used to help students understand the factors
involved in making decisions or judgments. Alterna-
tively, expert systems can be used as sophisticated
job aids that reduce or eliminate the need for training
on a specific task.93

Few intelligent tutors have actually been used in
training. Developing tutors takes an enormous
amount of time and expertise in artificial intelli-
gence. Despite the amount of research in this area
(mostly funded by DoD), there are many fundamen-
tal issues in adult learning and cognitive theory that
need to be resolved before it is clear how to design
intelligent tutors that really work.94

In contrast, expert systems are much faster to
develop and do not require AI experience to use. The
current generation of authoring tools for building
expert systems is relatively easy to use and inexpen-
sive. Instructors could even have trainees develop
simple expert systems to help them learn a subject
while producing a job aid that will carryover into the
work environment.95

Performance Support Systems

A performance support system is an advanced
type of computerized job aid. It has more informa-
tion available than CBT, and the user controls access
to the learning or information rather than the
machine.96 Indeed, performance support systems
provide structured on-the-job training that could
substitute for some kinds of formal training.

Performance support systems (PSS) are a new
concept and few exist; thus generalizations are
difficult. Examples are provided below to illustrate
some of the features and uses to date. A PSS might
incorporate any combination of text, graphics, audio,
still video, applications software to perform specific
job tasks, databases, expert systems, interactive
training programs, assessment systems, and feed-
back and monitoring systems. With the development
of digital technology, full-motion video also will be
possible.97

Two major recent developments have promoted
performance support systems. First, storage technol-
ogy for PCs and portables has advanced. Second,
innovations such as hypermedia gave rise to the
crucial underpinning of a PSS—the relational data-
base which ties all of the above elements together.98

Today, a PSS often is not initiated by the training
department. It might begin in customer service, with
a need for a relational database that makes large
amounts of information easily accessible to tele-
phone customer service representatives. The same
information is then found valuable in sales, and
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Box 7N-The Flight Plan Critic

The Flight Plan Critic is an instructional expert system developed jointly by WICAT  Systems, the University
of North Dakota, and Northwest Airlines to help aviation students learn how to plan a cross-country flight. The
Flight Plan Critic was developed using the WISE authoring system linked to OPS5—an expert system development
language-and runs on a WICAT work station. It represents one of the first instructional expert systems to be used
in a real training setting with a commercially available CBT system.

The student begins by developing a flight plan using a variety of information about the aircraft and its load,
maps, and weather conditions. All the students’ steps used in calculations and decisions are recorded. When the
student completes the flight plan and ‘files’ it, the plan is analyzed by an expert system for correctness. If   mistakes
are found, the expert system diagnoses the source of the error and provides feedback to the student including
prescriptions for improving performance.

Development of The Flight Plan Critic presented several CBT design challenges. Extracting enough
information from student responses to diagnose problems was difficult and required the adoption of a “mixed
initiative” approach in which the expert system would present its advice but let the student decide what to do with
it. Determiningg when to give feedback and what kind also presented design problems. These stem from the
inadequacies in our current understanding of how learning occurs.

The Flight Plan Critic is now being tested with aviation students and fine-tuned based on the test data It
demonstrates that existing authoring tools can be extended to accommodate expert system and intelligent tutor
capabilities. It also illustrates that development of new forms of interactive instruction will require substantial
research about learning and teaching.
SOURCE: Andrew S. Gibbons, “TheExpertFlight Plan Critic,” paper presented at 1 lth Confmnce  on Interactive Videodisc in Education and

‘g> Arlinstom VA August  1989.

adapted for use there. Later, more elements, includ- than 300 million pieces of data about them. It
ing training modules, maybe added to the system.99

A PSS (called “The Source”) was developed for
Prime Computer to put all the information needed by
field personnel in one accessible place. The field
personnel had entire bookcases full of data about the
company’s products, its customers and how they use
the products (e.g., for computer-aided design), and
its competitors’ products. In addition, Prime had the
usual training retention problems among their field
personnel. Its PSS now provides most of this
information on a portable computer that is net-
worked to a mainframe for access to spreadsheets
(allowing comparison of alternatives), the most
recent cost data, and new product information. The
PSS also includes job aids such as tables comparing
Prime products with their competitors’.100

Ford Motor Co. is introducing a PSS called the
Worldwide Engineering Release System. The main-
frame CBT system, which cost $77 million to
develop and implement and was translated into five
languages, lists 400,000 automotive parts and more

contains information useful to engineers about every
part used in Ford products worldwide, including a
part’s engineering history, how long it has been
used, its metallurgical makeup, and any current
information about the part. For example, if a part
isn’t fitting into a bracket, the engineer can tap into
the system to find out if any other plants have had
similar problems and how they might have solved
them. The system includes 25,000 training screens
about parts, 1,600 simulations, and 1,500 assess-
ment exercises. It also includes training on how to
use the system.101

Another PSS was developed to assist insurance
underwriters analyze risk. Risk analysis can take one
of a number of approaches, and each underwriter is
different. Thus, the sponsoring company felt that
underwriters would resist an expert system that used
one approach and made a decision. The company
also felt that such a system would inhibit learning.
Finally, a learner-controlled system was needed to
address different experience levels and learning

%id.
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styles-to incorporate text, graphics, pictures, and
sound. The relational database structure of a PSS
filled these requirements.102

A final example is a PSS developed for Codex
Corp. as a prerequisite for technical training. In
essence, the PSS provides new hires with an
introduction to their work environment by simulat-
ing a communications management job. It simulates
the floor plan (complete with furniture and equip-
ment) as well as the co-workers (animated computer
graphics with audio). Databases provide information
about the workplace (e.g., co-workers’ backgrounds).
Moving among rooms and selecting objects provide
entry and exit points to the subject matter databases.
Familiar office imagery (e.g., to-do lists, calendars,
telephones) helps new hires get started. Opportuni-
ties to interact with colleagues and to get feedback
from a mentor help trainees respond to increasingly
complex challenges posed by the boss.103

Although technological developments made per-
formance support systems feasible, technology alone
will not promote their use, as it did with CBT. A PSS
is difficult and costly to develop. Because the PSS is
a new concept, decisions related to hardware and
software are still experimental. An organization has
to have a strong need to try something so different
from normal training methods. One factor promot-
ing PSS use (along with embedded training) is the
frequent inability of conventional training to transfer
to the job. In addition, a PSS can accommodate
reams of information that can be updated easily and
quickly. These systems also can adapt readily to
different learning and working styles.

Digital Videodisc

Digital videodisc gets around the space limitat-
ions of analog systems. In general, the higher the
quality of the audio or video reproduction, the more
space it takes on a disc. A normal CD-ROM, for
example, can store about 325,000 pages of text, or 72

minutes of CD-quality audio, or fewer than 500
high-resolution still images, or 30 seconds of full
motion video.104 Moreover, it would normally take
over an hour for a PC to play back the 30 seconds of
motion video from a CD-ROM. Compressing and
digitizing the audio and video greatly expand
CD-ROM storage and speed up the PC interaction.
Digital encoding allows simpler delivery systems
(with a single monitor handling digital text, graph-
ics, images, video, and audio all played back from a
single optical disk). Digital encoding also offers fine
control of the contents and of each frame.105

Two forms of digital videodisc are being intro-
duced-digital video interactive (DVI) and compact
disc-interactive (CD-I). DVI uses an IBM PC/AT
type platform with three custom boards and accom-
panying driver software, audio amplifier and speak-
ers, and standard CD-ROM drive.106 DVI eventually
will compete directly with analog videodisc in
training and education applications. IBM and Intel
are collaborating to develop and market DVI for
IBM’s PS/2 line of PCs based on its micro-channel
architecture. Both are sponsoring the development
of several authoring systems. Moreover, they are
establishing a joint technology center in Princeton,
New Jersey to facilitate DVI acceptance, solicit
customer requirements, disseminate technology in-
formation, and support application development.107

CD-I also will use CDs that store video images,
audio, text, graphics, and data plus the software to

108 However, CD-I is beingsupport interactive use.
developed primarily for the consumer market. It is a
packaged system, with its own unique hardware
(player) that is hooked up to TV monitors and stereo
systems, and has a UNIX-like operating system.

Digital videodisc provides all of the same poten-
tial advantages of analog in training applications,
plus greater storage capacity. Because of its ability
to integrate media, digital video has great potential
in simulations. For example, split-screen capabili-
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ties allow users to compare images selectively,
either still or in motion. High-quality graphics can
be combined with video for a trainee to display, for
example, a cut-away schematic of a piece of
machinery on one part of the screen, examine and
manipulate a model of the machinery on another
part, while hearing an explanation of the machin-
ery’s operation or repair. The trainee can also access
other windows to get textual information on parts
availability, different model numbers, and costs.
High-speed animation can be used to simulate
environments where it is impossible to film.109

Several of the test applications of DVI are in
training. Applied Optical Media and duPont are
developing a truck driver safety simulator. It is
installed in a full-size truck cab (the whole unit can
be moved with a forklift) in which all driver
functions are simulated, with a DVI display provid-
ing views of 12 safety scenarios for the front
windshield and both rear view mirrors. First a larger
wide-angle view is decompressed, the portion of the
view corresponding to the truck’s current lane
position is selected, and then the view is skewed to
keep the distant horizon relatively fixed. This last
step results in smooth, real-time lane changes, and is
an example of the flexibility of digital video.
Bethlehem Steel and Lehigh University are develop-
ing a casting simulator, Arthur Andersen is using
DVI for manufacturing process analysis, and Carne-
gie Mellon has a workplace simulation for entry-
level trainees.110

Because military training makes extensive use of
simulation, digital videodisc may find a potentially
large market there. One company is developing a
DVI application for submarine maintenance train-
ing; another firm is developing an air defense
program in which the operator identifies and tracks
targets through actual terrain; a third is working on
weapon maintenance training. (See report appendix
for further discussion of simulation in the mili-
tary..) 111

However, digital videodisc still faces difficult
technical problems. The cost of compression is high,
special hardware and software are required, and
efficient tools and environments for authoring and
editing are still nascent.

112 Thus, digital videodisc

probably will not supplant analog for at least 5 years
and probably longer.113

Electronic Classrooms

While the availability of personal workstations
and the extensive use of networks will make
self-study and distance learning very common, a lot
of training still will be classroom based for social
interaction. Many future classrooms will have video
projection capability, large monitors for PC projec-
tion, sound-activated cameras for remote interac-
tion, and transponders to record learner responses.
Instructors will show multimedia materials, access
online databases, participate in teleconferences and
videoconferences, and display real-time learning
results.

Such electronic classrooms and meeting rooms
already are being installed at some corporate learn-
ing centers and universities. IBM’s Management
Development Center at Armonk, New York, has 10
advanced technology classrooms in which the in-
structor uses a PC to control all audio and visual
devices in the room including videotape, videodisc,
slides, computer display, and lights. Each student
has a keypad to respond to questions. The instructor
and class can immediately see a display of the
tabulated results of the class responses.114 IBM
found that students retain 83 percent of the informa-
tion presented in the electronic classroom compared
with 68 percent retention in traditional classroom
training. 115

In another concept, every learning station would
have networked multimedia PCs, with the instructor
controlling the displays. Introductory material could
be presented to the entire class, and then students
could proceed at their own pace. Feedback on
student progress, aided by intelligent tutoring sys-
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terns, would enable the instructor to identify individ-
ual learning problems and display remedial materi-
als. 116

The more widespread use of PCs by instructors
reinforces the trend toward electronic classrooms. If
instructors become accustomed to preparing training
materials on the PC (e.g., presentation slides, other
graphics, multimedia programs), they will want to
have a computer in the classroom to make use of the
software. Similarly, computers in the classroom will
promote their use in class preparation.117

Electronic classrooms are more expensive to
build than conventional ones, however, and are
beyond the reach of all but the largest corporate
training budgets. Learning centers are one option for
increasing access. Furthermore, because computer
and media technology are evolving so quickly, the
equipment installed in these classrooms becomes
obsolete rapidly.118

Digital Networks

As noted in the discussion of teleconferencing, the
U.S. Public Switched Telephone Network (PSTN) is
moving toward a digital system with more capabili-
ties. Eventually, the Integrated Services Digital
Network (ISDN) will allow users to send audio, data,
and video signals over the same line simultaneously,
thus allowing transmission of electronic messages
and other signals associated with CBT, teleconfer-
ences, and hypermedia. Although not all the relevant
standards have been worked out, manufacturers are
already making narrow band ISDN equipment
(which does not allow full-motion video transmis-
sion), and there are more than 60 trials underway
(none involving distance learning). Wideband appli-
cations of ISDN including video are not expected to
appear until 1995 or be widely available until 2000.
The services probably will include videoconfer-
encing, high-speed data and fax, and HDTV.119

These networks will make the transmission of
multimedia as inexpensive as voice. With technical
and financial obstacles to tele- and videoconfer-
encing reduced, network use should increase sub-

stantially. In conjunction with other developments
in computer hardware and software, digital networks
will greatly facilitate embedded training and dis-
tance learning. In many cases, training will become
more informal and self-directed.

Glass Boxes

Smart job aids, such as computer help screens and
automotive diagnostic tools, replace mechanical
processes with information processing and radically
change the way people use tools. Although they have
reduced the need for retraining by transferring the
burden of keeping pace with innovation from the
worker to the systems designer, such aids also can
stifle workers’ use of intuitive skills. Good special-
ized auto mechanics, for example, are renowned for
their intuitive grasp of how cars work and what to do
when they stop. But opaque electronics have now
replaced many of a car’s mechanical systems-to
the point that some modern cars are computationally
more powerful than the average PC. Repair shops
also have widely adopted electronic diagnostic
systems that issue instructions without necessarily
making either the diagnosis or the prognosis ex-
plicit. Both the car’s electronics and the diagnostic
system are ‘‘black boxes’ to mechanics, who must
blindly follow instructions, and who are no longer
able to monitor, reflect on, and correct their own
working procedures. Nor do mechanics have much
opportunity for useful conversation about their
work—which traditionally has contributed to shared
workplace knowledge. Mechanics are particularly
helpless in the face of misdiagnosis or failure of the
diagnostic system.120

A smart job aid that is under development to
overcome these problems is a ‘‘glass box’ ‘—a
transparent system that will help workers develop a
deeper understanding of the process in which they
are involved. Glass box tools are, like the journey-
man or office expert, both a tutor and a fully
operational component of the workplace. Glass
boxes would break a task down into constituent parts
that a trainee can understand and master separately.
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They also would provide a means for collaborative
learning and for discussion of the task.121

In sophisticated machinery, however, the repre-
sentation of working procedures is an extremely
complex task requiring detailed research on the
interaction between machines and workers. Much
more work is needed in this area before good user
interfaces can be designed that, with the help of
multimedia devices, will provide workers with an
adequate understanding of tasks while still allowing
them to develop and use intuitive knowledge, thus
fostering worker flexibility and innovation.122

Virtual Environments

Researchers also are working on systems that will
allow people to interact with computers in pro-
foundly new ways. In prototype systems, people
wearing a special helmet and gloves feel immersed
in three-dimensional computer-generated worlds
and can control the computer by using their hands in
a natural manner. Such advanced simulation systems
are called artificial realities or virtual environments.
The helmet contains two small television screens
(one for each eye) that provide three-dimensional
images and a sensor that keeps track of the position
and orientation of the wearer’s head. As the head

turns, the computer-generated scene shifts accord-
ingly. The glove has optical fiber sensors that detect
how the hand is bending. A separate sensor deter-
mines the hand’s position in space. A computer-
drawn image of the hand appears in the display,
allowing the user to guide the hand to objects in the
simulation. 123

Virtual environments are still in the basic research
stage (a complete system may cost $100,000 to
$200,000 and an enormous amount of computer
capacity is needed to generate the images), but
commercial and military interest is beginning to
develop. Virtual environments could substantially
reduce the size requirements for flight simulators,
for example (see appendix). They also would be
useful for manipulating remote objects (e.g., robot
arms) and for work in space. The glove alone already
is being used in computer-aided design in lieu of a
keyboard or mouse (and in advanced video games).
Companies also are researching full body suits that
would allow types of body movement to control a
simulation, and allow incorporation of two or more
people in a virtual environment (e.g., a pilot and
copilot, a virtual meeting). The participants would
not need to be in the same location, but could be
linked on digital networks.124
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