Public Disclosure Authorized

Public Disclosure Authorized

| I PAVAY LY VARV

THE WORLD BANK

- ADVISORY SERVICE
For Display Only
Please do not remove

46

de D—Gj

ESP Discussion Paper Series

Interactive Educational Technologies in
Higher Education

Bojana Boh

October 1994

|G552

Education and Social Policy Department
Human Resources Development and Operations Policy
The World Bank




-

ESP Discussion Papers reflect work in progress. They are intended to make lessons emerging from the
current work program available to operational staff quickly and easily, as well as to stimulate discussion
and comment. They also serve as the building blocks for subsequént policy and best practice papers. The
views expressed here are those of the authors and should not be attributed to the World Bank or its Board
of Executive Directors or the countries they represent.




Abstract

This paper, one in a series of studies on science and technology, discusses the status of
interactive technologies in higher education programs and provides recommendations for their
use in both on-campus and distance learning courses. Two main types of educational
technologies are reviewed: (1) computer-mediated instructional technologies which are
individual, self-standing units, and of which multimedia technologiy is the fastest growing
example, and (2) technologies based on telecommunication networks. These provide
asynchronous communication (e.g. electronic mail, computer bulletin boards, computer
conferencing) or synchronous real-time instruction (audioconferencing, audiographics,
interactive one-way television with audio return, and interactive two-way and multi-point
television). Possible uses of these technologies are illustrated by example, and include those
which improve the effectiveness of education, increase efficiency through lower-cost
alternatives to conventional instruction, extend access to geographically, economically or
socially isolated learners, as well as technologies which produce graduates with heightened
capacity to adapt to technological change and innovation. Potential problems and obstacles to
implementation are also identified, including those which stem from inadequate technological,
educational, economic, administrative and cultural environments. Finally, suggestions and
recommendations are given for a successful implementation and a long-term sustainability of
interactive technological systems at universities and colleges in industrial and developing .

countries.






FOREWORD

The current exponential expansion of international networks for scientific,
educational and technological communication merit increased attention. At present,
high-income countries are the prime developers and users of interactive educational
technologies. With the advancement of basic infrastructure and tele-communications,
however, increasing number of nations are realizing the potential of this new

technology to development.

The World Bank recognizes that the use of interactive technology in research
and training could significantly contribute to improved educational effectiveness, higher
quality of programs and help institutions to strengthen their global partnerships. This
paper examines various uses of interactive technology in both developed and
developing countries, illustrating how it has been implemented in different educational
settings. It has a special focus on the relevance of this new technology for developing
countries, discusses the advantages, oppornmities and obstacles of its implementation
and provides a number of recommendations for further expansion. The paper draws on
comprehensive reviews of scientific research and literature, on original research and
personal communications as well as visits to educational institutions. When reading the
paper, it is important to recognize its multi-layer structure. Various audiences are
addressed, by making use of big and small fonts, the latter of which provides details of
technologies, specific applications in selected educational institutions, and their costs
and effectiveness. '

This paper was prepared to serve as a source of information to both World Bank
staff and their colleagues with interest in interactive technology.

Lauritz Holm-Nielsen
Education and Social Policy Department
World Bank
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Executive Summary

Executive Summary

Interactive educational technology is used:

to improve the effectiveness of education by raising the quality of teaching and learning;
to increase efficiency through lower-cost alternatives to conventional instruction;
to increase enrollment and extend access to geographically, economically or socially

isolated learners; and
to produce graduates with better adaptability to information-based technological

environments.

Developed and developing countries use interactive educational technology for different
reasons. In developed countries, technologies are used primarily to improve the effectiveness
of teaching and learning, to individually tailor instruction, and to provide specialized education
to small groups of learners. Developing countries, on the other hand, seek low-cost
alternatives that improve educational and research efficiency and increase access to education
while maintaining a high level of effectiveness.

The rapid expansion of telecommunications and computer-related industries has resulted in a
vanety of interactive technologies apphmble to higher education. Generally, they fall into two
main groups:

“The first group consists of computer-mediated technologies, which are designed as
individual self-standing units. These can be individual microcomputers or, less
frequently, a series of microcomputers connected to a local area networks. They are most
often used to increase the effectiveness of teaching and learning. Computer-driven self-
paced tutorials, educational databases, graphic design programs, three-dimensional viewing
and modeling, computer simulations, and expert systems are all example of such
technology. The fast growing field of multimedia applications, which include Interactive
Videodisks (TVD), Compact Disk - Digital Audio (CD-DA), Photo CD, CD-ROM and
CD-ROM XA, Digital Video Interactive (DVI), Compact Disk Interactive (CDI), Video
Information Systems (VIS), Electronic books and Virtual reality, is the main formats for
such instruction. _

The second group is based on telecommunications. These technologies utilize local or
wide area communication networks. These technologies are used to increase the efficiency
of distance learning, while maintaining a high degree of effectiveness. The two main sub-
categories of this group are: (1) technologies for asynchronous communication, such as
telefax, teletex, videotex, electronic mail, and computer bulletin boards, (2) technologies
for synchromous communication, which include audioconferencing, audiographics,
computer conferencing, interactive one-way television with audio return, and interactive
two-way and multi-point television systems.



- Executive Summary

The main developers and users of interactive educational technologies are high-income
countries with strong technological and telecommunication infrastructures, especially the USA,
Canada, Western Europe and Japan. The majority of developing countries do not yet use the.m
on a large scale. However, basic infrastructure and telecommunications are improvmg. in
many developing countries, along with the managerial and technical capacity for implementing
educational innovations. This makes the introduction of interactive educational technologies
more feasible. Successful implementation now could spur expanded use of interactive
technologies in universities and colleges in middle- and low-income countries in the future.

Several advantages and improvements can result from using interactive technologies in

tertiary level education and research. If the systems are carefully designed and well
implemented, they can result in the following educational and economic benefits:

1) Improved effectiveness of on-campus and distance learning. Increased interactivity
of the programs permits more communication, and may lead to increased motivation,
creativity and independence among learners. In addition, students can access much more
information, receive quick feedback, and constantly evaluate their progress.

2) Higher quality of instruction. Interactivity, by overcoming time and geographic
constraints, facilitates the inclusion of experts in specific fields to guest lecture in distance
courses. : ‘

3) Increased enrollment. The time and place independence which some interactive courses
offer provides the convenience which allows students to enroll who would have previously
‘been unable to do so. '

4) Improved cost-effectiveness. Under some circumstances, interactive technolgy can lower
the cost of adding additional students who can be effectively taught. Time and place
independence also saves travel time and costs.

5) Better technological and communication skills. Students leam to manipulate new
technologies and to communicate electronically.

However, attention must be paid to potential dangers and problems, which can arise due
to inadequate technological, educational, economic, administrative or cultural conditions.
These include: : '

1) Technological problems.

* Interactive educational technologies will only run smoothly where a sound basic
technological and telecommunications infrastructure exists, and where a high degree of
technical expertise is available for maintenance and support of operations.

o Short life spans of computer software and hardware, along with compatibility
problems, make upgrading and additional investments necessary. :
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Harsh climatic conditions may result in frequent telecommunication break-downs and
equipment damage.

2) Educational obstacles.
o Effective use of interactive technologies requires substantial faculty training and

preparation, as well as an increased commitment, flexibility, cooperativeness and
readiness to deal with occasional technical problems.

Technology per se cannot, nor is it intended to, replace teachers or usurp their
responsibilities. Increased care and more time in curriculum design is necessary to
create or adapt university courses which use interactive technologies benficially.
Insufficient cooperation and coordination between technology experts and curriculum
developers, educational policy makers, technical support staff, faculty and students,
reduces the effectiveness of interactive instruction.

Resistance to innovation can be a major barrier to implementation of interactive
technologies. Faculty reluctance may be due to insufficient training with technology,
unwillingness to change the established traditional teaching approaches, or both.

3) Economic considerations.
¢ Introduction of interactive technologies is initially costly to an educational system. In

low-income economies, these costs may be prohibitive. Even middle-income countries
which can afford the initial investments may have difficulty meeting recurrent costs.

In some cases, positive educational impacts of interactive technologies are not viewed
as significant enough to justify large scale investments.

4) Administrative, legal, political or cultural barriers.

Administrative regulations and bureaucratic procedures may interfere with efforts to
increase communication and cooperation on micro and macro levels.

Unresolved intellectual property issues hinder a wider application of certain
technologies. | | | '
In some countries state or political control of computer-mediated communication may
make educational uses impossible.

_Frequ.ex.xt leadersh.ip che.mges, lack of coordiantion between government agencies, or
fnsmblhty a:nd discontinuity in educational institutions may adversely affect the
implementation of interactive educational technologies. :
Technophobia and resistance stemming from cultural, religious, ethnic or social
traditions also inhibit use.

Numerous examples prove that interactive technologies can be suécessﬂxlly implemented and
used at institutions of higher education around the world. Based on these experiences, the

following suggestions and recommendations are stressed:

1) Improving the technological environment. )
e A system of technical support and expertise should be established and available to

faculty and students.
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2)

Permanent training to maintain the high quality technical support is essential for a long-
term success. .
In order to lengthed the life span and increase the effective use of interacmfe
educational technologies, a reliable supply of spare parts and maintenance and repair
services must be available.

Funds must be available for maintenance and regular upgrading of entire systems. .
Equipment and software should be reliable, easy to operate, simple to learn, widely
available, expandable, standardized, and compatible with existing systems.

Leasing hardware and telecommunication lines from commercial users may be an
alternative way to begin interactive instruction where investment funds are scarce.

Improving the educational environment.

Planning and implementation of educational technologies should start from a clear
educational need or goal — e.g. to improve quality of on-campus instruction, to
supplement the program, to expand access to nmew students, or to reach distance
leamers.

The introduction of interactive technologies should requires substantial advance

preparation. It should be evolutionary and incremental. It should start with simpler

settings or with courses that are easier to develop.

A cooperative environment among faculty departments and specialists is essential when

introducing a new interactive technology. |

Faculty/staff development and training should begin as soon as the introduction of

technological innovations begins. It must accommodate different levels of experience

with technology, as well as the differences among disciplines. Hands-on, interactive,

on-going training programs should be offered. .

Instructors are more motivated when they are well informed and adequately trained,

when they participate in planning and decision-making processes, and when they see

administrative support and financial or other incentives for increasing development and
use of interactive technologies.

Students using interactive technologies in their studies must receive training.

Different technologies suit different purposes. A combination of technologies is usually

most appropriate. The choice of technology should be based on several factors, such as:

* educational form - distance education programs require different technologies than
on-campus courses,

* education field — scientific and technological disciplines require approaches which
differ from and educational tools than do arts, social sciences or business education,

* degree of interactivity needed — systems with high degree of interactivity are

- generally more expensive but also more efficient, .

» characteristics of learning audience — numbers and geographical distribution of
students, their educational level, age, cultural and technological backgrounds should
be taken into account,

* Jocal conditions and individual characteristics of instructors should not be forgotten.
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3) Improving the economic environment. .
e Stable and regular financing must be guaranteed for initial investments in
technologies, for curriculum development and adaptations of educational materials,
and to cover recurrent costs.
* Educational projects funded with foreign aid donations should consider and plan for
domestic funding to maintain the system when the aid project funding runs out.

4) Improving the administrative environment.
* Agreement among policy-makers, administrators, program developers and end users
users is necessary on topics such as the governance and decision making procedures,
financing, implementation methodologies, and evaluation methods for the use of

information technology.
® Adequate training and early involvement of key administrators into these processes is

essential.

The use of interactive educational technologies will without a doubt expand in future. As large
computer systems become available more widely and international communications costs
decrease, open electronic universities will offer a variety of distance programs and provide
education internationally via global communication networks. Before this occurs, however,
several barriers will have to be overcome. Telecommunication infrastructures which meet a
minimum uniform standard of quality must be in place in.developing as well as developed
countries. Standardization of equipment must increase. International intellectual property issues
must be resolved and national regulations which inhibit the diffusion of technology must be
removed. Impediments due to differing curricula and approaches to education, language
barriers, and fear of cultural imperialism must also be overcome. The current exponential
expansion of international networks for scientific, technological and educational
communication shows that such advances may be realizable much sooner than expected.
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Introduction

Interactive educational technologies provide customized education which allows
students to interact one-on-one with the media, to learn at their own pace and to determine the
depth and breadth of the specific area they wants to pursue. Typical examples include
multimedia and computer driven tutorials (Mathotra and Erickson,1994).

Some authors consider radio and TV broadcasting (with a possibility to discuss the topic
. of instruction with a mediator in a classroom) as interactive technologies. In other literature,
the term interactive technologies means educational uses of e-mail, compuwer conferencing,
and audiographics. In its most narrow sense, the term refers to synchronous two-way
communication used in distance education (one-way video with two-way audio, and two-way
or even multi-point video systems).

This paper discusses interactive educational technologies in a broad sense which includes
computer-assisted learning, multimedia technologies, asynchronous computer-mediated
communication, and two-way synchronous communication systems. One-way radio and TV
broadcasting, however, are not considered interactive.

The intention of this study was to:
¢ identify the main types of interactive educational technologies used in higher
education,
illustrate how they have been implemented in different educational settings,
and on the basis of these examples to:
-identify the advantages, opportunities and obstacles of their implementation,
and :
-suggest some recommendations for further projects.

The paper does not provide an exhaustive inventory of the technical aspects of interactive
educational technologies or a complete list of their uses in educational institutions. The multi-
layer structure of the text tries to satisfy several audiences. The main text gives basic
information, the core of discussion issues, and main conclusions. Examples in smaller font
illustrate details of technologies, specific applications in selected educational institutions, and
their costs and effectiveness. Finally, references to original papers permit more detailed and
deeper study of the chosen topics. ' _

The main information sources for the preparation of the study were conference
proceedings, discussion papers, technical and research reports, scientific journal articles and
monographs, as well as personal communications and visits to selected educational institutions.
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1. The Role of Educational Technologies

The importance of educational technologies

Policies _
Education policy incorporates technology opﬁons tc achieve the following goals:
e to improve the effectiveness of education, at affordable marginal costs,
e to improve efficiency through lower-cost alternatives to conventional instruction,

e to extend access to those shut out of the educational process by geography/economics
and/or social status,

e to transform education technologically in order to make it more compatible with an
information- and technology-based society.

' Technolob and education
There are two important links between education and technology.

First, the use of technology in education (educational technology) potentially enhances
the general efficiency of education and provides a country with a pool of trained and skilled
manpower to meet the needs of the labor market. In addition, some of the new technologies
improve distance learning and thereby meet growing and previously unmet demand for.
education, and provide an affordable quality education when resources and qualified personnel
are scarce. Students using computer-based educational technologies and communication
systems during their studies are better prepared for future jobs in competitive information-
based industrial environments.

Second, science and techmology education, which is enhanced with interactive
technology, provides a labor force with a better absorptive capacity for technological change
and innovation, informed entrepreneurs who can make better use of resources, and
professional science and technology specialists. These advances, in turn, allow a country to
make optimal use of existing technology and to develop new technologies. All of these
. capabilities are essential to greater productivity and economic growth.
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" Educational technologies in industrial and developing countries

The rationale for using educational technologies is different for developed and developing
countries. Developed countries have well established schooling systems and high enrolln.'nent
levels. They primarily use technologies to improve the effectiveness of teaching and learning,
to individually tailor instruction, and to provide specialized education to small groups of
learners. In developing countries, on the other hand, where good schools are affordable on!y
for a relative few, policymakers seek alternatives that make significant improvements in
educational and research effectiveness, while at the same time increasing access to education,
particularly at the secondary and tertiary levels, at lower cost per student.

The managerial and technical capacity for implementing educational innovations has
increased in many developing countries. In addition, the infrastructure necessary for using
more sophisticated technologies has been strengthened. Availability of electricity,
telecommunications, and computers has increased. Therefore, in spite of educational and
technological differences between low- and high-income areas (see Appendix 1), the
introduction of interactive educational technologies has become more feasible in developing
countries.

Effectiveness and efficiency .

Financing, especially that done by governments, significantly affects access, choice, and
quality of education. Developing countries, while able to provide access to primary school
education to most children, have much lower levels of enrollment at the secondary and tertiary
levels. It has been shown that as the quantity and quality of secondary and higher education
levels rise, per capita income also increases. Therefore, it is necessary to find the most cost-
effective and efficient way to deliver quality education within budgetary constraints.

Interactive educational technologies improve the effectiveness of education in two ways.
(1) They directly improve the quality of teaching and learning through integrating several
educational media, improving structure and organization of teaching units or lectures,
increasing interactivity and a higher degree of communication between students and teachers.
(2) They also help to overcome the cost and/or distance barriers and therefore add a variety of
new educational possibilities to conventional educational methods: -they furnish access to
remote databases, update the knowledge pool, supplement laboratory work by modeling,
simulations and expert systems, provide rapid feedback, and enhance counseling and
evaluation. Multimedia and telecommunication-based interactive technologies are used to
increase the effectiveness of education especially when a very high level of expertise is
required. The most rapidly developing application fields ‘seem to be medical education,
specialized technical training, and individually-tailored business courses.

Telecommunication-based interactive technologies can also provide an efficient
alternative in distance education, because they can use predesigned, high quality and effective
educational materials. They can save instructor’s or student’s travel time and other transaction
costs while expanding access to new students. In on-campus courses, interactive technologies
can be used as efficient individualized learning tools in large classes. Typical examples of such
use are found in business, management and social sciences courses, intr