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Abstract

The objetive of the present thesis is to develop and test out a systematic approach
to the analysis, design and implementation of Telecommunications-Supported
Training (TST) systems. The Literature Review offers a set of approaches to
similar problems in the field of Information Systems. Several other disciplines
have also been considered: Psychology of Human Factors, Organizational and
Innovation Theory, and applied research being currently carried out under the EU
DELTA Programme.

A global User-Centred Model of TST has been developed, based on the well-
established principles of Systems Engineering and Soft Systems Methodology. The
theoretical basis for this model is the concept of TST Architecture, conceived as a
functional arrangement of technical components which are introduced in order to
improve the performance of the actors involved in the system. The other key
aspect is the design of a set of Adoption Strategies, aiming for the creation of the
necessary conditions to achieve user acceptance of the technologies implemented.

Following these principles, the ADAM (Architectural Design and Adoption
Model) systematic approach is developed. It is structured in five stages: Context
Analysis, System Analysis, System Design, System Implementation and System
Maintenance. Each stage is structured into steps and activities, described in terms
of key points, outcomes, deliverables, and roles involved.

The ADAM approach has been tested out in its twofold dimension of analyzing

already implemented TST systems and designing new ones. The first case
discusses the application of ADAM to the EU Multimedia TeleSchool (MTS) TST
system. The test is completed by discussing the design and implementation,
performed by the author, of a TST system at the Universidad Politécnica de

Madrid.

The results confirm the usefulness of ADAM both for practitioners and
researchers in the field. Also, the TST model is extended as regards the
components of acceptance and adoption, and their impact on the introduction of
technologies in organizations.
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Chapter 1
Rationale

1.1. Problem Addressed by the Work

1.2. The Need for a Systematic Approach to TST: Lessons from ISD
1.3. Requirements of a Systematic Approach to TST

1.4. Research Questions

1.5. Method of Work

1.6. Summary

1.1. Problem Addressed by the Work

Information and Telecommunications technologies (ITT) are becoming all-
pervasive in every field of human and social activity. The area of training is

obviously not escaping their application. Higher education centres and

corporations increasingly recognize the need to incorporate these technologies
into learning processes, if current and future generations are to adapt and become

competitive in their respective environments: "Human resource development and
especially training and retraining through technologies will be a key asset and investment
for European institutions wishing to get human resources ready to keep a leading

competitive position." (R. Huber, Director DGXIII-F of the European Union, in Van
den Brande, 1993, p.233).

Within the framework of this political trend, the last few years have seen
strategical and prospective studies in which experts have attempted to analyze the

future roles and environments that the use of learning technologies will bring
about (OTA, 1989; Martin et al., 1994; Cassidy and Lane, 1994). The application of
ITT is also influencing the conceptions of teaching and learning used for a long



time (Merril et al., 1990; Hudspeth, 1992; Goodrum et al., 1993; Alexander and
Mason, 1994). Moreover, its use is gaining strategic importance, deeply
influencing the management structure of the organizations intending to adopt
them. A good example of this development is the widespread educational reform
currently underway in the US, based on the same technological support

underlying the teaching and learning-related processes (Cassidy and Lane, 1994;
Lane and Cassidy, 1994).

Research concerning the design and implementation of these technologies,
however, has not yet been fully consolidated. A recent review of research
performed in this field by the Association for Educational Communications and
Technology (Thomson et al., 1992) states that "... the best uses of technology (...)
are just beginning to be identified." (pp. 68). Some of the recommendations for
research include aspects such as the examination of the institution restructuring in
the light of technology, or how to use it in creating realistic and more effective
learning environments (op.cit.). The comments of Reeves (1993) provide a vivid
illustration, while referring to the development of experiences in the field of
interactive multimedia, he states that "... much of the development and most of the

implementation seem to be guided by habit, intuition, prejudice, guesswork or

politics." (pp- 79).

Most of Reeves' statement is applicable to the Telecommunications-Supported
Training (TST) field. Although a growing number of reports show that
applications are being researched and implemented with many different aims and
addressing a wide variety of users (Mason, 1989; Simonson and Jurasec, 1992;
Boettcher, 1993; Van den Brande, 1993), design processes have so far been
characterized by a diversity of perspectives (CTA Consortium, 1994). In fact, as

we will see in the review of the literature, research publications (browsed through

electronic databases such as ERIC and ICDL) contain no references proposing



systematic approaches, based on well-established methodological research areas,

to the design of TST systems.

The situation limits progress in this field, both from the researcher's and the
practitioner's points of view. In the author's opinion, this situation has been
brought about by the factors which originally prompted this thesis and which are
the following:

e From a research point of view, there is found to be an absence of integrated
TST systems models, combining human, social and organizational factors with

technological dimensions. Consequently:

- results cannot often be generalized, due to the lack of uniform terminology,
- the highly interdisciplinary character of TST experiences means that project
perspectives may be partial, putting undue emphasis either on technological

factors or on basic pedagogical research,

- there is a lack of well-established comprehensive methods of definition and
evaluation of TST-related variables, though methodologies in partial
application areas are being produced (Hiltz, 1988; Mason, 1992; Phelan,

1993)

- it should be taken into account that the results of training are in themselves
difficult to measure and the causes of success or failure are multi-

dimensional and therefore complex to state (Buckley and Caple, 1990).

In practical terms, the situation should be observed from a project management
viewpoint. In this sense, the work of researchers in education as well as in other
areas of technology-supported human activity (Willcocks, 1991; King and Cornell,
1992) reveals the following types of problems:

- The participation of different professionals usually causes communication

problems, hindering the effective conversion of organizational and user

needs into technological support.



- The absence of control mechanisms and follow-up. As the projects
frequently involve isolated developments that have to be integrated in the
final stages, the lack of these elements is particularly prejudicial.

- Users' reactions to technological implementations, usually either rejecting

or simply ignoring them.

The lack of systematic methods of designing and implementing TST solutions has
been stated both by researchers and practitioners within the framework of the EU
DELTA Ré&D Programme:

"Projects expressed the need to elaborate a model which is a sort of intermediate
between a general model scenario and a down-to-earth report listing all the
steps undertaken: a sort of interplay between a generalization model and a
narration of events. The model could give guidance, establish a process to
analyze the problems of implementation and the tools to analyze them, defining
a methodology to solve them."

(DeCoMe13, SIG "Implementation of Learning Technology", May 1994, sic.)

In view of this problem situation, the present thesis claims that the development
of a global model of TST and a systematic approach to the analysis, design and
implementation of Telecommunications-Supported Training would represent a

significant advance in this field, both from the theoretical and the applied points

of view.

In order to constitute a proper solution to the problems stated above, such an

approach should contribute to research and practice in the following ways:

e As for research, the model should be able to provide consistent terminology,

that researchers, trainers, developers, managers and users can all share. In

being integrative, it should also adopt a holistic approach, thus taking into



account all the factors potentially influencing the process. The provision of
such a model would undoubtedly set up a framework in which results from

different experiences could be compared and merged into "collective thinking"

(Flagg, 1990).

¢ From the practitioner's perspective, the advantages of a systematic approach
become apparent in the control and accountability of the project. A staged
conception of the process and a deliverable-based structure are invaluable
tools as far the management of such complex, interdisciplinary problems is
concerned. As in the case of research, the provision of a terminology would
also be beneficial in facilitating communication among the actors. The
approach should include a mechanism for designing the measures needed to
introduce properly the technologies into the context in which they will
operate, and should consider this to be as important as the design of the
technical solution. Feedback mechanisms should be defined in specific stages,
with a view to ensuring the smooth operation of the process and the
suitability of partial results. Finally, the approach should be geared towards

the user, offering a service-oriented perspective of the projects instead of a

technology-oriented one.

The objective of the present thesis is to propose a model for TST systems as well as
a systematic approach to their analysis, design and implementation, in an attempt

to provide solutions to some of the problems described above.

For this purpose, I have developed an approach following the principles of
Systems Engineering (SE) methodology (Hall, 1989; Leyzell and Loucopoulos,
1989). Bearing in mind the human and social aspects of the problem under

investigation, a Soft Systems Approach (Checkland, 1981; Checkland and Scholes,



1990) has been specifically adopted. However, constant consideration should also
be given to the final technological decisions, and the 'hard' techniques that usually

guide such decision-making processes.

The development of systematic approaches is not new in the field of education.
One of the most important areas of research in this field has been that of
Instructional Systems Development (ISD). The next section deals with basic
concepts in this subject together with lessons learned, in order to emphasize the

advantages associated with adopting this type of approach in the scope of TST.

1.2. The Need for a Systematic Approach to TST: Lessons from I1SD

The benefits of developing systematic approaches have been largely proved in
other areas of the educational milieu. In particular, the advent of Instructional
Systems Development (ISD) procedures has significantly changed the concept of
training programmes and their effective implementation in organizations.
Kauffman (1987) provides a broad definition of ISD as: "...a process by which needs
are identified, problems selected, requirements for problem solutions are identified,
solutions are chosen from alternatives, methods and means are obtained and implemented,

results are evaluated and required revisions to all parts of the system are made so that the

needs are eliminated”.

Long-established, recognized models and methodologies such as the ones
developed by Gagné (Gagné, 1977; Gagné and Briggs, 1992), Romiszowski (1981),
Dick and Carey (1990) or Buckley and Caple (1990) share the following set of
characteristics that constitute the basis of ISD approaches:

¢ Systemic view of the phenomena - the object of study should be regarded as
"a whole which functions as a whole by virtue of the interdependence of its



parts" (Buckley, 1968 in Buckley and Caple, 1990). The definition of the

components of the system and of their interaction is the most important

aspect to be considered from this perspective.

® The use of engineering approaches - engineering methodologies lend a
systematic character to the ISD process by prescribing a detailed action
procedure. The central stages in the process are the use of modelling
techniques as a way of illustrating the system under study in its relevant
dimensions, the creation of alternative design solutions and the provision of
criteria for the selection of the optimum solution in the light of pre-defined

objectives.

® An increase in the resources devoted to the initial analytical stages of ISD
projects is being contemplated. Applied research in this area shows how

careful consideration of the organizational needs is translated into a higher
degree of acceptance on the part of the users, and consequently, into a better

performance by the system.

¢ Another matter of concern regarding ISD approaches is the central role that

human performance factors play in the selection of the design solution. In this
sense, task analysis methods have become essential as they form the basis for

further design activities in the system (Buckley and Caple, 1990; Dick and
Carey, 1990).

Since the start of ISD experimental work in the time of the Second World War,
application results have pointed to a number of benefits for organizations. These
advantages were listed and discussed by Hannum and Hansen (1989), and are the

following:



From a practical point of view:

o the application of ISD in different environments (Hannum and Briggs, 1982,

discussed in Hannum and Hansen, 1989) has shown a significant increase in

achievement, as well as a considerable reduction in training time,

the systematic approach gives the manager a larger degree of control over the
process, and improves the operation of interdisciplinary project teams,

the control established during the design and implementation processes brings
about reductions in cost, especially during the development and installation of
materials, and

goal-oriented evaluation is planned in ISD, and structured by the planning
and validation of intermediate deliverables. This is translated into a
"formative-like" evaluation approach to the process, with the subsequent
benefits of enriching the information during the design process and later
adapting the final product as much as possible to the proposed objectives

(Flagg, 1990).

From a research point of view:

ISD allows the creation of a framework which acts as an 'umbrella' under

which contributions from different disciplines can be assembled,

it provides greater accountability and comparability of results arising from
different experiences, and
it expands knowledge in this field by providing organized thinking on how

systems operate.

This kind of systematic approach is becoming more extensive as innovations are

introduced into areas of training (Morgan, 1987). Specifically, the use of

information technologies as a support to educational activities, involving

computer experts and engineers, demands some sort of systematic approach to the

design and development of optimal solutions adapted to the needs of

organizations and individual users. The application of these approaches in



innovative areas, such as Electronic Performance Support Systems (EPSS), as a

reliable aspect of effective implementation, is giving rise to new models which are

undoubtedly expanding the knowledge base in this field (Witt and Wager, 1994).

1.3. Requirements of a Systematic Approach to TST

Coming back to the problem situation addressed by this work, once the benefits of
the development and use of systematic approaches have been discussed, there are
a number of requirements that the TST systems approach has to fulfil if it is to
deal effectively with the problems stated in the first section:

o It should provide a comprehensive, holistic view of the system under study,
carefully taking into account key organizational, technical and human issues

which may not only affect the system but which can also be affected by it.

e It should provide a modelling technique capable of describing in relevant
terms the human activities that are to receive technological support. This
requirement permits non-technological practitioners to communicate properly
with technical implementors, and to elaborate the final solution to be adopted.
Conversely, this type of modelling, if taken as a substantial stage in the design
process, would help technology professionals to bring the technical design
close to the human activiies involved in the system. Both of these

developments would meet the aim of preventing technology-driven decisions

at early stages of the TST design process.

o It should offer a procedure for considering the analysis, design and
implementation of an interrelated group of Adoption Strategies, in parallel
with a more technical study, with the aim of trying to get people to actually



use the medium, become aware of its functionalities and benefits and

eventually incorporate them into their normal activities.

e Itshould be useful as a tool both of design and analysis, thus facilitating the
creation of new systems as well as the evaluation and maintenance of those

already existing.

The present work tries to meet this challenge by presenting and testing out a
systematic approach to the design and implementation of Telecommunications-
Supported Training (IST) systems, the ADAM (Architectural Design and
Adoption Model) approach. It serves as a basis for research into the problems and

benefits of this type of method when coping with real-life situations, as well as for
exploring its application potential.

1.4. Research Questions

It has generally been stated that the development of a systematic approach has
two main benefits from a research point of view (Hall, 1989; Branson and Grow,
1987): on the one hand, it offers a procedure that helps to solve practical problems
in the real world; and on the other, it serves as a research instrument, shedding

light on the problem it is helping to sort out.

The Research Questions that will form the background to the development of this
thesis cover both of these perspectives, firstly by dealing with the definition of the
problem we face, that is, Telecommunications-Supported Training Systems, and

secondly by exploring the development of a systematic approach to these systems.

Specifically, the work revolves around the following Research Questions:

10



o How can a TST system be defined from the perspective of a systematic approach?

e How can a TST system be systematically designed in the real world? What would be

the requirements and elements of such a systematic approach?

o (Can the same approach be applied in analyzing TST systems that already exist? How
should the approach be used in this case?

1.5. Method of Work

1.5.1. The Development of the ADAM Approach

The ADAM approach has been developed on the basis of Systems Engineering

methodologies (Hall, 1989; Miser and Quade, 1985; Layzell and Loucopoulos,
1989), while taking into account the social, human activity nature of the TST

system (Checkland, 1985; Checkland and Scholes, 1990), and therefore adapting
the method to these characteristics. The approach has been developed through the

following stages:

o Description of the philosophy and the basic assumptions

underlying the approach
e Development of the global TST system model

e Definition of the design requirements and evaluation criteria

e Elaboration of the ADAM modelling orientation and techniques
e Description of the application scope of the approach

e Design of the approach

The design of ADAM is discussed in detail in Chapter 3.

11



1.5.2. The Testing Out of the ADAM Approach

The ADAM approach has been tested out by using a case study methodology.
Nowadays, the value of such methodology is widely recognized in the field of
education. The work by Merriam (1988) offers one of the best rationales for
adopting this sort of method. In the present work, the three factors applicable
are those addressed by this author as the key to making a decision to adopt a
case study approach:

* The nature of the research questions, and their suitability in carrying out an
experimental, historical and descriptive design.

* The limited control over the variables under study, because of their
psychological and social nature.

* The desired product of the experimentation, in this case a description of a
process and its effect in order to demonstrate the validity of applying a new

methodological framework.

The testing of ADAM will be carried out through studying the following

systems:

o The Multimedia TeleSchool project of the EU and the TST system it has
produced will illustrate the power of the ADAM approach to analyze

already existing systems and to suggest alternative TST architectures that
improve results of the system. This study will be accompanied by data from
the implementation of MTS in two different corporate organizations.

e A detailed account and discussion will be set out, describing the

implementation by the author of this thesis of a TST system at the
Universidad Politécnica de Madrid, again by applying ADAM. This case

12



study will show the power of the approach to design a TST system in an

educational context.

The problems and advantages arising from both application exercises in real

contexts will be discussed in the corresponding chapters.

1.5.3. Data Gathering and Analysis

As for the two case studies, data will be analyzed collected by questionnaires,
in-depth group and individual interviews, and observations made by the
author and the project team, either as part of the Multimedia TeleSchool
evaluation team, or as project manager of the Educational Telematics
programme at the Universidad Politécnica de Madrid (UPM). Data concerning
the implementation of the MTS system at the Deutsche Bundespost Telekom
have been taken from the assessment report carried out by the
Wissenschaftliches Institut fiir Kommunikationsdienste (WIK, 94), task manager
of the MTS evaluation team.

1.6. Summary

The purpose of this chapter has been to establish the need for a systematic method
of analyzing, designing and implementing Telecommunications-Supported
Training (TST) systems, and to set out the requirements that such a method
should fulfil. The problem situation has been described by referring to the factors
missing in the literature, both from the point of view of research and of practice in
the field of TST. In order to meet this deficiencies in an integrated way, I have
proposed the development of a systematic approach to the analysis, design and
implementation of TST systems. The discussion of a previous well-established,

widespread application of such an approach in the field of education, that of

13



Instructional Systems Development, illustrates the conceptual basis of our
approach and shows the benefits that this development can bring. Finally, the

method of work followed in the thesis has been outlined, regarding both the
development of the approach and its testing out in two different real-world

situafions.

14



Chapter 2
A Review of the Contributions made by
Research Literature

2.1. Introduction
2.2. Information Systems Methodologies as Forerunners
2.3. Adoption Strategies and Innovation Research: how to Cope with

Human Reluctance to Change
2.4. Disciplines Contributing to the Study of Adoption Factors

2.5. Research Projects in the DELTA Programme of the EU

2.6. Conclusions

2.1. Introduction

The core of the present thesis, as stated in the previous chapter, is the
development and testing out of a systematic approach to the design and
implementation of Telecommunications-Supported Training (TST) systems. The
learning applications of this kind of technology are quite recent; in fact,
Information Technologies are in general very new, and furthermore, the rules of

'good practice' in educational applications have been difficult to state even for

much simpler and well-established media.

The purpose of this chapter, then, is to categorize and critically review relevant
research works that (i) are claimed to have contributed as forerunners to the field

of TST design and implementation methodologies, and (ii) are similar in scope

and reflect the state-of-the-art in this field.
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It is important to remark at this point that, during a search carried out on the
databases at the Educational Resources and Information Center (ERIC) and the
International Centre for Distance Learning (ICDL), no explicit reference was
found for publications that present a systematic approach such as that intended
for ADAM. This means that the application scope of Telecommunications is at a

very early stage of development and, consequently, the direct basis for this work

is still limited.

Conversely, in terms of the contribution of other disciplines to the field of TST, the
review is by no means exhaustive. The intention here is rather to illustrate how
similar work in other types of human applications has yielded valuable results
and recommendations which can benefit this research from a methodological
viewpoint. This approach is justified on two counts: firstly, the scope of
Technologies for Education has a highly interdisciplinary character; by contrast,

even if there has been a lot of discussion and experimentation, the short life of the

TST milieu means that there is no well-established research tradition to rely on.

The structure of the review is shown in Figure 2.1 and covers the following lines

of research:

o The field of Information Systems (IS) methodologies has contributed the first
systemic and systematic approach to the question of how to introduce
technologies into organizations in order to support human activity. Obviously,
there is no educational purpose behind these systems. However, the long

methodological research tradition, on the one hand, and the results obtained in

terms of users' reactions and organizational impact, on the other, make up a
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very valuable input when this work is considered from our particular, practical

angle.

e The implementation of Telecommunications as a support to human activities
usually represents a totally new universe of experience for users in
organizations; in this respect, recommendations have been made from

Innovation Theory, suggesting strategies to get people to adopt and actually

use the new systems.

e A group of contributing disciplines are briefly described, for they are claimed
to constitute the background to the study of how to introduce technologies as a
support to human activities. These are the theories on Human Factors and
their contribution from the technical development point of view, the
Psychological Approach and its influence on usability factors, and

Organizational Theory dealing with the social and organizational aspects of
the use of this technology.

e As far as the educational applications of Telecommunications are concerned,

the DELTA programme of the EU is probably the best reflection of the current
state of the art of research in Europe. Some of its specific projects are making

contributions to the field of design and implementation of technologies for

education which merit discussion in this section.
A structured research basis for this methodological work will come out of this

analysis, as well as a discussion of the aspects in which the present thesis is a

unique contribution to research literature.
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2.2. Information Systems Methodologies as Forerunners

The rapid spread of 'third generation' computer applications during the 1960s
favoured the flourishing of models and theories analyzing 'good practice' in the
management of information in organizations. The large investment that the

purchase of computer equipment involved in those times justified the need for

procedures that guaranteed the efficient use of the system.

An Information System (IS) (or a Management Information System (MIS), since
there is usually an overlapping of both terms) is conceived as "the mechanism
which provides the means of storing, generating, and distributing information for
the purposes of supporting the operations and management functions of an
organization." (Layzell and Loucopoulos, 1989). The words 'supporting' and
'functions' mark the parallelism with the concept of TST as it is conceived in this
thesis. The objective in designing IS methodologies was to transcend the craft
procedures followed to develop IS, and structure and validate the process through
the application of engineering principles and techniques.

What is the similarity between the MIS and TST systems? Both emerge from the
need to introduce technologies in organizations in order to improve different
areas of human performance. A research tradition of nearly 40 years in MIS has
given rise to important lessons to be learned by any practitioner trying to make

people adopt technology-based support in their activities.

The Information Systems Development (IS Development) methodologies
flourished during the 70s, with a view to providing a systematic, stepwise
framework for such developments, capable of being controlled and monitored.

They usually consisted of a set of well documented procedures, with a rigid
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structure and largely focused on the computer product they were to generate. A

typical design followed the stages shown in Figure 2.2; a highly sequential

structure with one single feedback loop going from the review stage to a new

specification phase.

Extended examples of this kind of methodology are Structured Analysis, Design
and Implementation of Information Systems (STRADIS) (Gane and Sarson, 1979),
Structured Systems Analysis and Design Method (SSADM) in different versions
(Downs et al, 1992) and Information Engineering (IE) (Martin and Finkelstein,
1981) (collected in Avgerou and Cornford, 1993). A comparison of the structure of

several popular methodologies is presented in Figure 2.3.

Feasibility

Investigation and analysis of the current system

Specification of new MIS

MIS Design

Coding

Implementation of MIS on hardware

Review and maintenance

Figure 2.2 - Process outlined by structured MIS methodologies

This type of structured methodology has dominated the last 20 years of research
in this field. An annotated compilation by Olle et al. (1991) lists more than 30

different published methodologies used in academic and commercial

organizations. The work of Avgerou and Cornford (1993) made a critical analysis
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of the work in this field in an attempt to bring together and study what they

called the “methodolégical movement".

The direct relationship of ISD with its technological components has greatly

affected the underlying principles of the methodologies, however. IS projects have
been dominated by technologists, thus placing the emphasis on software
developments and hardware implementations rather than on the further uses of
the final product. This, in fact, has been the major objection stated by researchers
when evaluating IS, and experimental results from the use of such methods
strongly support their claims. Several studies point to the fact that the use of

structured methodologies has not increased productivity as quickly as was
expected (Westrup, 1993; Avgerou and Cornford, 1993; Hirscheim and Klein,

1992). Some of the reasons stated for this lack of effectiveness include:

 The strong emphasis on the software/hardware product; the process was

considered successfully completed when an error-free code was implemented
in the machines, but this does not guarantee that the system will fit into the
real situation in which it is implemented.

e The excessively strict structure of steps and activities (based ideally on 'paper
and pencil tools') which has hindered both the creativity of the designer and
also the consideration of a wider context for his/her activities.

e The lack of involvement of the final users during the design of the system.

 The low level of concern for the maintenance of the system, once implemented.

e The need to use more flexible tools which offer recommendations that may be

adapted to the changing conditions of different organizations, rather than

pursue rigid prescriptions.



The advent of databases and networking applications brought about a change in
the design of IS systems, and a more global research approach has started to take
shape. The concept of 'the IS system' has been replaced by 'the IT (Information
Technology) strategy', referring to "the art of planning and managing the
integration of IT into the enterprise to the best advantage, that is, to integrate
technology with the objectives of the organization" (Wolstenholme et al., 1993).
The IS becomes the support not only of decision-making, but also of
administration, planning, office automation, general analysis and scientific
functions within the institutions. This wider scope of the concept, as well as the
extended use beyond individual managers, has important implications for
incoming methodologies. Conversely, the step forward taken with technology to
client-server models, object-oriented techniques and networked architectures is

also bringing about major changes leading to a more comprehensive view of the

organization for the design of IS (Sankar et al., 1993).

The following issues have characterized this change of approach, in contrast to

traditional, structured methodologies.

a) Methodology: Prescriptions or Guidelines?

This change of outlook set specialists to search for alternative methodological
paradigms. For instance, a less prescriptive, more flexible approach has been
adopted by Hirscheim (Land and Hirscheim, 1984; Hirscheim and Klein, 1989),
one of the more radical detractors of the indiscriminate implementation of IS
Development applications. The main value of a methodology, according to this
author, lies in conferring authority to the developer in the organization, in the
absence of qualified IS professionals; but in practice, instructions are not followed,

and the only guarantee of control is the completion of the milestones
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contemplated in the documentation. This does not mean that a systematic
approach should not be adopted, or that structured methodologies should not be
used. But the way to extract valid data regarding the effectiveness of the
methodology is instead to follow a longitudinal, case-study approach for every
individual organization and to specifically adapt prescriptions to their particular

context.

The statement that organizations do not actually come to use the methodologies
but just adapt them to their own interests has received considerable experimental
support. A set of studies carried out by Sakthivel (1992) shows how the priorities
estimated by practitioners and researchers in IS methodologies in terms of
effectiveness do not coincide; in fact, initial stages of analysis are considered too
long and costly to be exhaustively followed. In a different study, Westrup (1993)
basing his opinions on the analysis of two case studies, concludes that perhaps a
"methodology for the use of IS Development methodologies" would have to be
developed, since such techniques cannot be uniformly used but rather adapted to

the interests and conditions of every organizational context. As Avgerou and

Cornford (1993) have putit

"While methodologies seek to offer comprehensive advice on how to develop information
systems, we need to be aware that every situation is unique, yet a unique approach

every time is equally unhelpful even if any approach tailored to the situation can share
some tools and techniques.” (p.282)

Structured methodologies are claimed to be too rigid and therefore limit the
creativity of the professional in this adaptation. They seem to be useful in helping

the novice practitioner, but not so much in the cases of experienced users, who can



transcend the instructions and go further towards innovation while addressing

their own organizational goals (Hales, 1991).

Consequently, given the complex organizational and social context in which they
have to be applied, the best methodologies seem to be those providing a set of
guidelines which offer assistance during critical decision-making stages, rather
than strict, prescriptive methods that prove more difficult to adapt to particular

situations.
b) The Socio-technical Approach: Soft Systems Methodology

The work of Checkland (Checkland, 1981; Checkland and Scholes, 1990) and the

school of Lancaster have had a significant influence in changing the approach to

the new IS methodologies (and to the Systems Theory in general). Coming from
the field of Operational Research, their work stems from the premise that
traditional systems engineering is not applicable to ‘ill-defined' problem
situations, which exist in practically all the fields of human and social behaviour.
‘Human Activity Systems' are characterized by people in social roles trying to take
purposeful action. This 'pursuing the purpose of the whole' means that a
mechanical design approach is no longer possible; instead, it has to be replaced by

the analysis of multiple world views, in which social and technological factors are

deeply enmeshed.

A thorough description of the principles underlying Checkland's Soft Systems
Methodology (SSM) is well beyond the scope of this work. The next chapter will
come back to this research area in more detail. For our purposes, however, it will
suffice to say that the SSM approach has opened new paths in the consideration of

social and organizational aspects of the design of Information Systems. It has
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offered a more open, less strict formalization of the methods, in understanding
methodology as "a set of principles which guide action in trying to 'manage' real-
world problem situations in the broad sense " (Checkland, 1990). This definition

has had implications for:

o the consideration of a wider context for the design of IS applications, and

o the increasing application flexibility of the methodological procedures

This perspective has been adopted as a research position from a cognitive
viewpoint by authors such as Galliers (1993) who states that the design of IT-
based systems should take into account the individual user and the value he/she

attributes to data coming out of the system in order to take purposeful action.

¢) Users' Involvement

The majority of researchers have agreed on the need to involve future users of the

system from the earliest stages of the process. Briefs, Ciborra and Schneider, in the
introduction to the compilation "Systems design for, with and by the users" (1983)

postulate the strong need to involve users for two main reasons:

e to gain a multi-dimensional, realistic view of the system under study, and

e to increase users' motivation towards the system by making them feel an

integral part of it.

This view has been shared by a large group of authors, who have proposed

models and strategies to achieve this objective.



Hales (1991) proposes a human-centred model based on four strategies to

guarantee a close relation between the final system and its future users:

28

Statement of principles: one of the most common problems of methodologies in
practice has been the tensions created among the partners involved in the
development of aspects such as deadlines, planning, etc. This model states that

there should be an initial negotiation among all the actors involved in the
process. This should include an outline of the commitment that the

organization intends to make in relation to budgets, for example.

Key management roles: these should be defined at two different levels: the
Information Resources Manager (IRM) comes from senior management, and is
responsible for the development and delivery of the strategy. For their part,
the Information Resources Officers (IRO) are from middle management,
usually technologists. They receive the inputs about users directly from the
IRM, in an attempt to guarantee the consideration of individual, group and

organizational levels.

Study and design circles: the core of the model is the participative design
activity, with iterations going to and coming back from users and designers, in

the form of meetings and workshops with the different stakeholders in the
project.

Job design and human resource planning: any IS system has to act as a support to
people's activities, which may change over time. Therefore, these two factors
have to constitute the basis of the IS design, in order to guarantee the

fulfillment of organizational aims.



For its part, the work of Galliers has focused on the organizational and individual
issues underlying the design of IS systems (Galliers, 1993; Galliers et al., 1994). He
points to the need for arranging what are called "strategic information system
planning workshops" with the users aiming at (i) getting technology closer to
people from the beginning, and (ii) directly linking task requirements (as users

see them) with technologies.

Westrup (1993), stressing a particularistic approach to methodological design,
describes an interesting case study to illustrate how even those methodologies
integrating strategies for user involvement cannot guarantee the success of the
procedure. The case describes the implementation of an IS system at a nursing
institution following a specific methodology which emphasized the importance of
involving the final users from the beginning. A workshop was organized with a
group of senior nurses in order to rank the preferred functionalities of the new
system. During the meeting, it turned out that the nurses were unable to decide
the priorities in the way stated in the documentation. In such cases, the

prescription to involve users has to be followed, but not necessarily in the way

stated by the methodology.

d) New Roles: the profile of a methodologist

It has already been stated that structured methodological models created the
figure of the Systems Analyst as the specialist qualified to put their prescriptions
into practice. This person was usually a technology professional, this being one of
the main problems in implementing IS in practice. In this sense, Earl (1989)
proposed the creation of a new specialist, called the 'hybrid manager', who would
ideally have technical expertise but would also have a wide knowledge of the

business organization in which the system were to be used. This manager, having
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this kind of mixed profile, would be able to manage the project by combining and

controlling information and technology factors in an integrated way.

In this sense, Hales (1991) suggested a team composed of the Information
Resources Manager and several operators; in this case, responsibilities are split
among different people, but it is the Manager who contributes the strategic view
as well as dealing with the information and human factors involved in the project.
Both views, therefore, give priority to the usability aspects of the system rather

than to the technological ones.

Avgerou and Cornford (1993) comment, in their review of the 'methodological
movement', that researchers agree on the requirement of an interdisciplinary team
combining these different skills whenever the powerful role of hybrid manager
cannot be taken up. In any case, as a study carried out by Clark points out (1992,
cited in Galliers, 1993) in the context of high management views of IS support in
their institutions, the activities regarding software development management are
increasingly being outsourced, and therefore the internal technology role is
becoming less prominent in the organization. The study also refers to the
estimated shift in the function of the IS service from the development of systems

to advice on the integration of the system into the organizational strategy.

e) The Problem of Maintenance

Together with the issue of users' acceptance, the problem of maintaining the
system resulted in considerable criticism of the traditional methodological
approach. The capability of an effective system to change throughout its life,
adapting to organizational changes, has not been adequately dealt with in

structured methodologies, which considered the process practically finished once
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the system was installed and tested. New research trends claim that maintenance
activities are of a different nature than those of implementation, and therefore

need to be considered in their own right as a part of the design process.

Peculiarly, it has been the area of Software Engineering that has contributed one
of the most influential models to make methodologies more flexible so that
maintenance problems can be tackled. The work of Boehm (1981, 1987) presents a
Spiral Model' in contrast to the traditional linear, 'Waterfall' one (such as that
represented in Figure 2.2, for which one only feedback loop exists from the
maintenance stage to a further new specification of MIS). The spiral consists of
several iterations in which, for each part of the product being developed, the

following process is carried out:

¢ the statement of objectives,

¢ suggestions for implementation alternatives with their respective constraints
and limitations

¢ the evaluation of the alternatives (from which areas of uncertainty are
identified)

¢ the formulation of a cost-effective strategy for dealing with the sources of risk:

prototyping, quantitative analysis, simulation, etc.
The process involves as many iterations as necessary whenever the designer
identifies a factor that can be improved or may require modifications. For this
reason, the cyclic model is equally suitable to the implementation and

maintenance processes, since both involve a testing of the reality hypothesis.

The spiral model is graphically shown in Figure 2.4.
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This perspective implies the adoption of a risk-driven approach, as the author
himself describes it, to the software development process. Boehm's model has
greatly influenced the world of Software Engineering methodologies, given the
high costs usually involved in these processes and the need to use resources as

effectively as possible.

The growing integration of human and organizational factors involved in the
implementation process is making researchers give recommendations on the high
complexity of the environments in which IS methodologies have to operate
(Avgerou and Cornford, 1993). It is precisely in this kind of uncertain context that
a cyclic, iterative model acquires importance in giving rise to the discussion of

different implementation alternatives with their associated risks and suggesting

strategies to cope with such limitations, in a search for cost-effective solutions.

CUMULATIVE
COSTS
L2
z» PROGRESS
ﬁ';f THROUGH EVALUATE ALTERNATIVES
DETERMINE i STEPS IDENTIFY, RESOLVE RISKS
OBJECTIVES,
ALTERNATIVES, i RISK
CONSTRAINTS  ANALYSIS
OPERATIONAL
ROTOTYPE
COMMITMENT

----------------------------------------------------------------------------------------------------------------

REVIEW  parTITION

DETAILED |
DESIGN
DESIGN
INTEGRATIONAND |  DESIGN VALIDATION ”
YESTPLAN |  AND VERIFICATION
INTEGRATION
{ IMPLEMEN AND TEST
PLAN : TATION
NEXT PHASES :
DEVELOP, VERIFY
NEXT-LEVEL PRODUCT

Figure 2.4. Boehm's spiral model for software development (1987)
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The cyclic model has been adapted to several social applications; in this sense, for
example, the work of Kolb (1973, cited in Boehm, 1981) has been remarkable in

the field of organizational learning.

2.3 Adoption Strategies and Innovation Research: how to Cope with

Human Reluctance to Change

The field of Diffusion and Innovation research also opened up in the late 60s and
has experienced a dramatic growth in recent decades. Works in this area attempt

to shed some light on the processes by which individuals and organizations
become acquainted with an innovation and eventually incorporate it into their

lives, with the corresponding social and behavioural changes.

The work by Rogers, from Stanford University, is probably one of the most
representative in this area. Rogers published his first book "Diffusion of
Innovations" in 1962, and the most modern and revised edition of the book in 1983

still keeps to the same principles, after having received empirical verification

during all these years.

A central concept in Rogers' work is that of Adoption, which is "...a decision to
make full use of an innovation as the best course of action available". (1983, p. 27) The
process of innovation-decision, that can eventually lead to adoption by the user, is

structured by Rogers into five stages:

* Knowledge - the individual is exposed to the innovation and consequently

becomes aware of its existence and basic functioning,
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e Persuasion - consists of the generation of a positive or negative attitude towards
the innovation

* Decision - the performance of activities leading to a choice to adopt or reject

o Implementation - the individual puts the innovation into use

* Confirmation - once the decision is made to adopt, the individual can search for
reinforcement for such a decision, with the associated risk of changing his/her

mind.

The process of innovation-decision can lead to three different results: Adoption of
the innovation, Rejection of the innovation, or Discontinuance, that is, to drop out

after an adoption decision has already been made.

Rogers suggests strategies that should be used by an Innovation Change Agent in
order to succeed in the Adoption process, such as the correct choice of initial
information to be provided to users so that they gain awareness and adopt
positive attitudes in the early stages of their decision. He also raises essential
issues like the problem of adopting an innovation when no clear need for change
is perceived by potential users in a given context (usually the case with
educational projects), and the influence of networking in the diffusion process.
Another thought-provoking concept is Re-invention, defined as the degree to
which an innovation is changed or modified by a user in the process of its
adoption and implementation, making reference to the dynamic character of the

innovation-decision process, and consequently placing the emphasis on

psychological and social factors.

Rogers offers a comprehensive and integrated framework for the study of the
diffusion of innovations, profusely illustrated with case studies in several

application areas. A taxonomy of the categories of adopters is also proposed in
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relation to interaction factors (active vs. passive adopters) or the level of

involvement in the diffusion process (early to late adopters).

As in the former discussion on methodologies, it would not make sense to
describe Rogers' framework extensively in this section. Instead, it is more
appropriate to comment on other works influenced by his framework. Very close
to Rogers' research school, Clark and Staunton (1989) proposed a strategy model

for the adoption of innovations which consisted of the following stages:

¢ Awareness
e Interest

e Evaluation
® Trial

 Adoption

Coming back to the IS field, several authors have established strategies to set users
on their way in adopting a technological system. Silver and Silver (1989) proposed

including the following steps in the implementation process:

* Announce the new system formally, as well as its implications for the
organization
e Involve all levels of personnel early on

e Stress the benefits to be gained from the implementation of the system
e Give a progress report to the users periodically

* Encourage positive support

For his part, Fried (1992) laid down the following guidelines for avoiding

acceptance problems:
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* Limit the scope of change to small-scale pilot experiences in the early stages.

e Inform all affected employees of existence of the system (even if indirectly),
within the context of organizational benefits, so that they value the change
appropriately.

* Ensure management commitment and keep managers informed of progress

* Ensure the continuity of the project (avoid interruptions) and maintain
consistency.

* Gain participants' cooperation by seeking assistance from key members of staff

and set up a help and coordination desk for the project.

Finally, a model proposed by the University of Minnesota Telecommunications
Development Centre is of special interest here, for it focuses specifically on the
field of Telecommunications innovations in training settings. The work by
Morehouse and her team (Stockdill and Morehouse, 1989; Morehouse and

Stockdill, 1991; Stockdill and Morehouse, 1991; Lee, 1991), also relying on Rogers'
principles, proposed a Technology Adoption Model, shown in Figure 2.5, in

which five factors are defined as critical to the successful adoption of the
technology: Educational need, User characteristics, Content characteristics,

Technology considerations and Organizational capacity. The model is staged into:

e front-end Analysis

e Prototype Development
 Small-scale implementation
* Organizational Adoption
 Institutionalization
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As can be observed in the figure, the model takes an incremental approach to the
institutionalization process; a prototype is designed as a result of the front-end
analysis of the previously mentioned factors, and if it is considered effective,

further small-scale implementations are recurrently designed until broad
organizational measures (mainly in terms of investments) are made. The model
has been successfully tested on several innovative educational projects (involving
CAL, Satellite Videoconferencing and Interactive Videodisc) at the Minnesota

Extension Service during the last few years.

2.4. Disciplines contributing to the study of Adoption Factors

Many different disciplines have contributed to the study of Adoption Factors,
providing different viewpoints and yielding interesting results. Three of these

subjects will be examined in this review:

e The field of Human Factors Theory
o Psychological perspectives on Acceptance Factors

o Organizational Theory and a macro, social approach to the Adoption of

Innovations

2.4.1. Human Factors Research: Users' Feedback and Technology Design

The study of Human Factors and their implications for technological

developments has seen important changes since the early stages of pre-
information systems. Initial conceptions of Human Factors were built around

mechanical principles, from the Taylorist approach to Human Resources, the
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worker was conceived as a source of power (Carey, 1988). The Second World War
and the sort of technology generated by the defence industry brought a more
modern conception of people having to apply cognitive skills to the use of new
machines and devices. The arrival of Electronic Technology, and the consequent
emerging Cognitive Science demonstrated the need to consider other kinds of
human abilities, such as perception, decision-making and problem solving,

incorporating them as a source of feedback in hardware and software design.

An appropriate definition of the field of Human Factors was provided by
Woodson (1981) (in Beard and Peterson, 1988):

"The practice of designing products so that the user can perform required use, operation,
service, and supportive tasks with a minimum of stress and a maximum of efficiency. To
accomplish this, the designer must understand the needs, characteristics, capabilities and

limitations of the intended user and design from the human out, making the design fit the
user instead of forcing the user to fit the design"

Many taxonomies have been proposed stating key issues from this discipline.

Beard and Peterson (op.cit.), for example, consider five main categories:

e Man-Machine Interaction - use of keyboards, mouse, touch screens, etc,

e Interface Specification Tools - methodologies for formal design of the interfaces

e Information Presentation - how the data is represented to the user

e System-User Documentation - design of manuals, references and support

materials

« End-User Involvement - how to bring the user's perspective into the design

process.
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One of the most important contributors to the field of Human Factors, Brian

Shackel, defines the term Usability as the core of research in this field (1991):

"the capability in human functional terms to be used easily and effectively by the specified
range of users, given specified training and user support, to fulfil the specified range of

tasks, within the specified range of environmental scenarios".

Such a definition goes beyond the previous one as it takes into consideration not
only the user's characteristics but also the relationship with the environment in
which the user is performing the task. The concept of efficiency thus acquires a
more complete meaning. Another very interesting aspect of Shackel's theory is the

claim for an operational definition of Usability in terms of goals and measurable

criteria. Such a definition is divided into the following factors:

o Effectiveness - stated in terms of speed and errors, in comparison with other

performance rates
o Learnability - specifying a time span, and defining materials
o Flexibility - the percentage of variation allowed in tasks beyond those specified
s Attitude - within acceptable cost in terms of tiredness, discomfort, frustration

and personal effort

An approach even closer to non-technical aspects is proposed by Damodaran
(1991), in what she calls Human Factors Strategy. This approach very nicely
combines technical aspects and organizational ones into a methodology for
introducing Information Technology into organizations. In this case, the criteria
covered are very much along the lines of Shackel's, but some new considerations

are included, such as the need for a multi-skilled design team, and the importance

40



of the specific role of Human Factors Consultant to supervise the design,

development and implementation process.

2.4.2. The Psychological Perspective:
How to Use Technology and What to Use it For

Another group of researchers, mainly from the field of Psychology, analyze the
interaction between the individual and the technology from quite a different
perspective. In this case, people are facing a new device; technology is perceived
as an instrument to perform certain tasks, which in most cases have been

traditionally carried out in a very different way. This more complex panorama

raises a lot of questions for the user to consider in order to make a decision about

his/her final interaction with the system. Adoption Strategies should address

these questions so that the user can be assisted in making a decision in a positive

and active way.

Davis (1993), basing his opinions on traditional Attitude Theory (Fishbein and
Ajzen, 1975), proposed what he called the 'Technology Acceptance Model' (TAM).
The nucleus of the model is the division of the concept of usefulness into two
distinct variables: ease of use and usability from the user's point of view. Ease of
use is defined as "the degree to which an individual believes that using a
particular system would be free of physical and mental effort", while usability is
understood as "the degree to which an individual believes that using a particular
system would enhance his or her job performance". Thinking in these terms, the
construct of ease of use would be the major concern of Human Factors Research as
has been shown. However, according to Davis, perceived ease of use has a causal

effect on perceived usefulness, while the inverse does not hold. Moreover,
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perceived usefulness is shown experimentally to have more effect on the
individual's actual use of the technology than on ease of use. This means that,
facing several technologies with different degrees of ease of use, people would not
mind choosing the option which were less easy to use if they realized that it could

be more useful for their own purposes.

This kind of theory casts a good deal of light on the Adoption factors and
strategies to be developed. Within the framework of Davis' theory, for example,
we can see the need for making users aware of the benefits and usefulness of the
technology they are facing even before demonstrating its functioning. This would

constitute scientific justification for one of the most popular statements from users

in the field of Educational Technology: "It's nice, but what is it worth?".

A very interesting study of psychological factors affecting the usability of the
technology has been made by Warburton (1993), in the context of developing user
interface for the new client-server systems. This author refers to the ‘Iceberg

metaphor for usability’ from a set of investigations carried out in Xerox

laboratories. These studies pointed to the influence of an interface of three factors
in the final usability: presentation, that is, layout and style (accounting for 10% of
total relevance), the user's opportunities to interact with the system (30%), and the
conceptual model underlying the development, that is, the satisfaction of the user's
expectations of how the system works. This last factor is precisely the hidden part
of the iceberg, but has to be sufficiently well represented through the other two
factors, so that the user creates an accurate mental image of the use of the tool

during a number of sessions with it.

Relying on this set of concepts, the work outlines a method for the design of user

interfaces with a view to guaranteeing three conditions: (i) that the user controls

42



the tool, (ii) that the interface reduces to a minimum the user's memory workload,

and (iii) that the interface is consistent.

The perspective adopted in Warburton's work assumes a complete reliance of
usability on development factors. It is claimed that the way in which the user
acquires the conceptual model is just by using the technology repeatedly. It
should therefore be to the designers' credit if the balance stated by the iceberg

metaphor is reached in order to make the familiarization process as painless as

possible.

The design methodology developed by Warburton is a source of stimulating
inputs for our work, in placing the emphasis on uniting psychology and
technology. In fact, some of the questions addressed by the design are of the sort
"What knowledge will remain in users' minds?". These are followed by a careful
modelling of individuals and scenarios (similar to the creation of a movie-script)

through permanent communication with the ultimate users of the future system.

Another set of theories from a psychological angle offers models along these lines.
Remenyi and Money (1991) define 'satisfaction’ in the context of MIS as the gap
between the users' expectations of several attributes of the technology and the

reported post-use performance of these attributes within the system. In some way,
this measure represents the degree of 'disappointment' with the technology when
compared to the expectations this has created. Very interesting results have been
obtained from studies of evaluation of Information Systems in the light of this
approach; an important lesson to be learned is that the individual should be

considered to a greater extent when designing the system, as a complement to

organizational goals. Greater information about the potential and functionalities
of the technology should also be provided, so that users develop more realistic
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expectations of it. Finally, this kind of method is proving useful in detecting
problem areas, and should therefore be included as a part of the design and

evaluation of technology supported systems.

Relying on a detailed study of users' expectations and perceptions, Nickerson
(1981) carried out a study that generated one of the first classifications of
Adoption Factors from a purely psychological perspective. In the paper "Why
interactive computer systems are sometimes not used by people who might
benefit from them", the author made an extensive study with a large sample of
end users of technological tools in the context of Information Systems. As a result
of the investigation, he states the following factors as the main characteristics of

users' reactions:

o  Functionality - the system is very impressive, but users do not find it helpful in
their activities.

¢ Accessibility-Availability - users want the system ready and available whenever
they need it and for as long as they consider necessary, and sometimes the
system does not meet this requirement.

o Start-Stop inconvenience - it may take too long to get the process working, and
the same can apply when stopping.

e System dynamics and response time - the system is found to be too slow (this is
especially true for Telecommunications, in which computers and networks
have an accumulative effect).

« Work-session interruptions - problems associated with the system throwing the
user out because of a break-down or a network problem.

e Training and user aids - not fitting users' profiles and needs (especially on-line

aids).



¢ Documentation - usually too technical, poorly organized, unclear, etc. A
distinction between tutorial and reference needs is important.

» Command languages - Not direct and difficult to recall.

o Consistency and Integration - there is a need for the standardization of systems.

o User conceptualization - there is usually a lack of metaphor for navigation and
for handling the system.

o Miscellaneous - other factors - resistance to change, fear of computers, social

problems, etc.

It is remarkable that the factors stated in this study, carried out thirteen years ago,
are practically the same as those affecting any implementor of technology-
supported systems nowadays. It is true that technical advances have increased the
standardization and integration of the interfaces; examples of this can be found in
the rapid spread of iconic and windows-based interfaces, and the trend towards
standard interfaces and applications in a few environments (Windows, OS/2,
etc.). But the essence of users' complaints remains very much the same. Why has
significant progress in this field not been made? Perhaps the key is the lack of
methodologies or systematic approaches to the introduction of technologies,
which could help practitioners to be aware of these problems well in advance and

devote time and resources to search for strategies to tackle them adequately.
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2.4.3. Organizational Theory: the Macro Approach

Research into organizational behaviour and changes has also yielded input to the
study of critical adoption factors in providing a macro-context for the
implementation of technologies. The requirement in this case is an organizational
strategy that plans the effective long term use of new media and tools. This
perspective complements the technical and psychological studies, in suggesting
aspects that can mediate in the use of technologies by individuals in their work

context and by examining the social relations that such a context engenders.

Wijnhoven and Wassenaar (1990), in the field of Impact Research, posed the

following questions from a research point of view:

e What are the organizational changes required to introduce technology systems
effectively?

 What will be the position of the new members of the organization? And what
will happen to those already there?

¢ Is the organization better adapted to its environment as a result of the new

system?

Other broader questions are posed, such as the impact of the system on new
business practices, on the economic structure, or on the position of the company in

an international context.
It can be claimed, then, that Organizational Theory offers a very rich source of

information, in looking on the individual as an actor in a specific organizational

structure, and as having a status or form of behaviour which can be modified by
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the introduction of a new system. Relations at work and the influence of various

levels of management are also matters of concern in this field.

The effects of the incorporation of innovations into the organizations are receiving
an increasing interest on the part of researchers, due to the rapid, pervasive

expansion of computers and networks. A remarkable taxonomy of organizational

changes in the field of education has been provided by Conley (1993). This author
distinguishes three types of changes (in Cassidy and Lane, 1994):

e renewal activities, helping the organization to increase the effectiveness in

their current tasks,

¢ reform-driven activities, which alter existing procedures and rules in order to

permit the adaptation to the new ways of working tasks, and, finally,
e restructuring activities, changing fundamental assumptions, practices and

relationships both within the organization and between this and the external

conditions.

Coming to the particular subject of implementation, Wilson (1991) shows a set of
barriers to the implementation of IT strategies, from a large survey of corporate

organizations in the UK. The 'top five barriers' found were:

o The difficulty in recruiting staff to support implementation

« The nature of business itself, not allowing for long-term planning
o The difficulty in measuring benefits derived from IT

e The lack of resources for user education in IT

o The already existing technological infrastructure
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The image of using technology as a way of gaining competitive advantage is now

creating a lot of interest in the definition of IT strategies in corporate organizations
(Wilson, 1991). Even in Universities, it is becoming widely recognized that
students having access to technology are more marketable, thus increasing the
prestige of the institution (Lloyd, 1991; Boettcher, 1993). It is hoped that this belief

will create favourable conditions for the testing of these factors and lead to valid

results concerning their relative importance in setting up TST systems.

2.5. Research Projects in the DELTA Programme of the EU

The EU has designated the problem of Training as a priority area. The growing
need for professionals to constantly update their knowledge and skills has given
rise to several European initiatives in this sense, starting from different

application areas.

The DELTA Programme was born as an initiative of the Second Framework
Programme of the EU. One of the main aims of the initial stage, called Exploratory
Action, was to investigate ways in which technology could facilitate, in a cost-

effective way, the implementation of large-scale Flexible and Distance Learning

Systems in Europe.
Two projects from this programme have been selected for discussion in this

chapter, as they have contributed to the construction of the Theoretical

Framework for the work carried out in this thesis:
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e The BEACON project, though included in the same Action Lines, has focused
rather on the implementation plans and strategies for Technology-Based
Training (TBT) applications.

¢ The CTA (Common Training Architecture) project was intended to define and
implement a technological framework for distributing training and allowing
easy access to any scenario, based on the notion of interoperability. The
concept of Architecture, central to the project, has for its part inspired the
architectural modelling that is one of the key aspects of the ADAM approach.

The basic concepts underlying each of these projects are described in the

following sections.
¢ The BEACON project: The Implementation Framework

The objective of the BEACON project is to provide practitioners with guidelines
for the implementation of learning technology in the organization. An important
point underlying the philosophy of BEACON is the belief that non-technological

factors (motivation, commitment to innovation, learning principles, etc.) play a

much more important role in the implementation process than the purely

technical ones.

Learning technology is conceived as an innovation defined as "...the commercial
exploitation or application of an idea or ideas" (BEACON Consortium, 1994, pg. 12).
This view of innovation differs from the one adopted by Innovation Theories
(previously analyzed in this study), in that it places the emphasis on the extensive
implantation of the new idea rather than on individual initiative in adopting it.

This approach further develops the market aspects which are central to the
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project; this theme will not be covered in the present review, since such

perspectives lie beyond the scope of the methodology to be discussed here.

The concept of implementation refers to the integration of the technologies into
training systems and the exploitation of the resulting services. The commercial
approach again underlies this definition. The project is seen from the viewpoint of
the developer and/or supplier of learning technology offering their services to
user organizations, while the approach taken by this thesis is that of the user
organization itself trying to manage the introduction of a TST system, even if

outsourcing can be practiced at a certain level.

Implementation is thus conceived as a service, close to the reality of the user and
the target organization. This conception is graphically shown in Figure 2.6. The
explicit requirement of having the users present in the process in order to
customize the service to training and organizational needs as much as possible
means that one of the essential stages taken in the Implementation Strategy is the
detailed Analysis of the Context. Another central concept of the project to be

incorporated into the strategy is the need to cope with change in organizations.

The project provides a good background to the analysis of comprehension of the
business concept, and how the 'emerging intelligent learning organizations' face
the problem of innovations in general, and of learning innovation in particular. As
far as the implementation process is concerned, the project gives some useful hints
about the analysis of the target organization, the design of a strategy, its further

implementation and, finally, the evaluation and management of the process.
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THE GENERAL IMPLEMENTATION MODEL

Acti'ons to achieve ACTION
desired effect on
environment

customize /
modlfy

environment
analysis shapes
design

Changing environment
affects course of action

Figure 2.6. The BEACON Implementation Concept (BEACON, 1994)

e Common Training Architecture (CTA): In Search of the Standard

The CTA project emerges from the need to harmonize the technology-based
learning infrastructure and to formulate prescriptions about the extension of this
sort of service to Europe. One of the most important hindrances to progress in this
field has been identified as the lack of technological standards which means that
users face a wide diversity of options for which no interoperability is guaranteed.
The project tries to reach consensus among all the partners involved in DELTA, by

providing guidelines and fostering debate leading to the creation of a common

viewpoint from which infrastructure standards can emerge.

CTA work is based on the concept of Architecture as "a framework of functional
components embracing a set of standards, conventions, rules and processes in
which there is human involvement" (CTA Consortium, 1993). There is recognition
of the limited attention that human factors have received in the design and

implementation of Information Systems in organizations. CTA tries to overcome
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this problem by starting the design process from precisely this type of data, which
are called the ELT (Education, Learning and Technology) Aspects:

e learner environment and age range - general characteristics of learners

o learning  environment - covers: home, educational institution,
educational/training centre, and work.

e ELT task - description of task requirements and conditions

o learning support actors and roles - they can be analyzed in the light of different
models or frameworks (e.g., the CCITT AVIS recommendation is illustrated)

e learning-work transfer - this factor studies the suitability of the ELT task and the

work situation, as this can have important implications for the technological

solution chosen

o learning material flexibility - degree of adaptability or re-usability of materials

produced

o communication services - classification of these services can be made in view of

psychological theories or more technological factors

o presentation systems - infrastructure available to the learner, emphasizing

associated costs in every case.

The analysis of the organization, and especially of the 'stakeholders' in the system,

should be made in the light of these factors, and will constitute the initial input in

the process of system design.

The CTA project can be contemplated:

e As a framework for the implementation of technological solutions matching
business and educational needs. Such a framework integrates a set of well-

known, extensively used standard models in the Engineering and Business
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fields, like the Open Distributed Processing (ODP) modelling approach, or the
ECMA Service Classification for the design of a taxonomy of technology
services. For their part, Object Oriented models are used to acquire
comprehensive construction of the models. These models operate in the so-
called ELT (Education, Learning and Training) Aspects, which result from an

analysis of the organization and the activities performed within its context.

* As a process, in which it constitutes a methodological framework offered to
the enterprise for the analysis, design and implementation of technological
solutions optimally meeting business requirements. The emphasis on the
standardization of the project offers a guarantee of interoperability for the

solutions implemented along these guidelines.
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Figure 2.7, The CTA Framework and Process (CTA, 1934)
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Given the main objective of the project, that is, to provide a means for
harmonizing technologies and infrastructures in learning services, it is necessarily
of a highly technical nature, and for this reason will not be analyzed in further

detail here. The CTA Framework and process is shown in Figure 2.7.
2.6. Conclusions

The contributions made by research in the areas addressed by this review are

summarized in Figure 2.8. The following are conclusions relevant to every area:
2.6.1. IS Methodologies

The MIS milieu has contributed to the study of TST systems methodologies in

general, constituting a real forerunner. The application area in this case, in
contrast to the type of systems which constitute the core of the thesis, is obviously

quite different. However, the consequent 'lessons learned' from MIS research

represent interesting inputs to the present work.

e Methodologies are considered highly useful in:
o providing guidelines for good practice,
o showing the way in stepwise form to the novice specialist, and providing a
guarantee of quality in cases where no system analyst is available, and in
o setting control procedures, milestones and timing dimensions that are of
great assistance for the management of the different partners involved in

the project.

o Methodologies addressing social systems (as in the case of TST) have to take

into account the purposeful and complex character of human activity.
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Therefore, they should be especially careful in considering contextual factors

o6

underlying the target system. They should also be conceived as sets of flexible

guidelines for action, rather than as rigid prescriptions, in contrast to technical

software development methods.

The involvement of future users of the system is an essential factor in the
methodological process, not only to validate the final stages of the design, but
from the very early stages of analysis. Their input will modulate the design of
the technical architecture, and at the same time acts as an adoption factor, in
motivating people and by introducing the system into their activities. In this
sense, meetings and workshops involving the different groups of stakeholders

(previously described in the context analysis) have a great influence on the

process of matching the system to the reality of its future implementation.

A hybrid professional profile is required for a proper implementation of the
methodology. This manager should be able to combine knowledge of the
organizational structure and strategy with a command of the
Telecommunications field. Given the difficulty in obtaining this kind of
professional expertise, an interdisciplinary team is also recommended for the

project.

The process defined by the methodology should incorporate a spiral structure
in the interaction between design (which is in the designer's mind) and
implementation (the contrast with reality). A single feedback loop in the final
stages of the process is inadequate; instead, a set of iterations between both

stages is recommended, through a pilot experimentation stage in the case of

TST.



2.6.2. Innovation Theory

The most relevant inputs of Innovation Theory for the purposes of the present

work are:

¢ The approach taken to the adoption process as an individual initiative on the
part of the users which has to be fostered and promoted by a set of strategies
defined at the design stage of the system.

¢ The taxonomy of adoption factors at different levels, requiring particular

actions and oriented to different target groups of the actors involved.

e The consideration of the possibility of 'discontinuation' of the adoption
process. This point is important in that it affects the maintenance of the system,

which should also include human oriented strategies as well as technical

activities.

¢ The emphasis in the design of adoption strategies on incorporating a previous

analysis of benefits and opportunities provided by the innovation, advantages
which are to be stressed and which will become apparent to users. Again, this

aspect reinforces the need to make a careful context analysis at the initial stage

of the design process.

e The conception of the TST systems designer professional as an Innovation
Change Agent, with a responsibility not only to produce the system but also to
make users adopt it. The Change Agent should be supported by key members
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of the organization, who also have to be identified in the previous analyses of

the context.

e Finally, the view of adoption as an incremental rather than sequential process
and the need for different tests and iterations before reaching the level of large

scale system implementation and consolidation

2.6.3. Contributing Disciplines

The conclusions that can be drawn from Human Factors Research concerning of

TST systems are the following:

o Firstly, these theories place the emphasis on those aspects of human abilities
which are relevant to the design and development of hardware and software,
and therefore strongly focus on interface issues. The need for this kind of
study is obvious, since good interfaces are crucial to users' initial and
subsequent interaction with the system. But, as is the case with most
implementations of TST systems, the technology installed has already been
developed, and the only choice is to search for the type that, within cost

limitations, meets as many of the characteristics stated above as possible.

» Several of the considerations regarding usability from the Human Factors
point of view refer to developments which are task-oriented, such as
application packages (e.g. a word processor, a database or a CAL package).
Telecommunications developments, by contrast, are claimed to be oriented
either towards increasing (content-free) communication or facilitating the
delivery of materials (whose applicability 1is not dependent on its content

either). This is a differential characteristic of Telecommunications, which
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means that some of these considerations are not valid in our case; however,
criteria regarding interface design should be applicable to this type of
technology as well, in helping users to communicate and collaborate with each

other through the technological support (Alexander, 1992).

When other aspects such as training and support materials are considered,
they concentrate on how to use the technology in terms of commands and
menus, rather than on what to use it for, addressing in this case issues like the
conceptual model underlying technology. This aspect has been particularly

explored by psychological approaches to the field, as we will now see.

For its part, the psychological perspective offers the following inputs:

The main point addresses the Adoption Strategies, and is linked with the
primary importance of perceived usefulness over ease of use of the tool.

Therefore, it is necessary to increase of potential users' awareness of the
usefulness of the technology, and to design some sort of induction about the
conceptual model underlying it, before making them learn the 'how' of the

tool, in terms of commands and navigation.

The careful and continuous consideration of the individual's outlook
concerning use of the technology, obtaining a cognitive view of the process,

connected with other relevant variables, mainly attitudinal.

Finally, the main contributions of the organizational perspective to the design of

TST systems are stated as:
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 recognition of the need to take into account institutional and social aspects of
the implementation process,

o the careful analysis of the organizational objectives that underlie any sort of
innovation introduced into the organization,

e the consideration of the impact that the technology could have on the
institution and the prospect of changes in roles and activities that this might
bring about, and

o establishing the view of the user as a member of a social group, thus
complementing the individual behaviour angle seen from psychological

perspectives.

2.6.4. Projects under the DELTA Programme

These projects are obviously the ones which offer a much closer approach to this
thesis. However, both the market-oriented, commercial approach of BEACON, on
the one hand, and the engineering, standard-oriented, highly technical viewpoint
of CTA, on the other, mark strong differences from the methodological framework

that will be proposed in the next chapter.

Some of the strong inputs of the BEACON project for the purposes of this work

are.

o Strategies are proposed for analyzing the implementation environment (e.g.
performing case studies of successes and failures in training, comparing the
results in each case).

e Design strategies that can cope with the rapid changes occurring in such a

complex set of variables (mainly changes in technology and in the business

itself).
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o Consideration of learning technology as an innovation, and the extension of
guidelines from research in this field, to other application areas.
e Emphasis on the search for key actors and the establishment of partnerships at

different levels to guarantee success.
e Emphasis on the evaluation of the impact of the implementation at the

different levels of the previous analysis, as well as on the importance of
managing the maintenance of the implementation by means of pilots and

users' validation.

As far as the philosophy underlying the CTA project is concerned it is of great

value to this work in that:

e It revolves around the concept of architecture as a functional arrangement of

technological components that are matched with human organizational

activities; this concept constitutes a point which is essential to the TST
methodology that will be presented in this work.

e It lays the foundation for the process of transforming training-related

activities into technical parameters, finally leading to the selection of

communication services.

e It recognizes the vital importance of keeping human and organizational

factors at the centre of any technological development in TST system

implementation.

e It is comprehensive and exhaustive in analyzing the context in which the

system will operate.
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o It is systematic but at the same time open to the introduction of different

models and techniques that may best suit any particular organization.

In the light of the contributions from the literature studied here, and with a view
to answering the research questions posed in Chapter 1, it can be argued that the
development of a systematic approach to the analysis, design and implementation
of Telecommunications-Supported Training Systems will contribute in a unique

way to research in this field by:

e Providing a systematic means of coping with the challenge of comprehensively
designing TST systems, covering both technical design and human adoption
factors as well as educational innovation and implementation aspects, as they

are understood by current state-of-the art research.

e Bringing a common understanding to the fields of technology and human
activity.

e Providing an insight into the special features of TST systems and how they

operate in the real world, through carefully studying them from a

comprehensive and systematic perspective.

The following sections focus on the description and testing out of the ADAM

approach.
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Chapter 3
The ADAM Approach

3.1, Introduction
3.2. The Philosophy of ADAM
3.2.1. The Concept of Architecture

3.2.2. The Concept of Adoption
3.3. ADAM Design Requirements
3.4. Modelling Orientation
3.4.1. Training Settings
3.4.2. Telecommunication Scenarios
3.5. Coverage: The Application Scope of ADAM
3.5.1. A Methodological Framework
3.5.2. Potential User Organizations
3.5.3. Profile of the ADAM Practitioner
3.5.4. Uses of ADAM
3.5.5. Aspects Beyond the Scope of ADAM
3.6. Description of the ADAM Approach

3.7. The Testing Out of ADAM: Evaluation Criteria

3.1. Introduction

The present chapter will describe a systematic approach to the analysis, design
and implementation of Telecommunications-Supported Training (TST) systems,
the ADAM (Architecture Design and Adoption Model) approach. The

development of the approach and its validation in two real-life situations

constitute the core of this thesis.
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The previous chapters showed that it is possible to deal with the problem of
designing TST using Systems Engineering Methodology (Hall, 1989; Layzell and
Loucopoulos, 1989), and in fact this has been the basis for the development of
ADAM, as we will now see. The use of such techniques as a valid framework for
this sort of system has been shown by the growing use of Instructional System
Development (ISD) methods. Equally, the field of Information Systems, in what
can be regarded as a search for effective technological support to human

activities, has also used Systems Engineering in its developments.

The field of Soft Systems Methodology, however, has modulated the ADAM
approach in that a TST system is here considered as a Human Activity System
(Checkland, 1990), and for this reason greater attention is paid to organizational
and context analysis than would be usual from a purely 'hard’ engineering
perspective. The awareness of the degree of uncertainty with the TST system as
regards the unpredictable state of some of its variables (that is, the behaviour of
individuals and their influence on the context as well as the influence they receive
from it) is also a contribution of Checkland's approach. However, the technology-
driven character of relevant design decisions about TST systems has meant that

the most reasonable approach to this work is a 'semi-soft' one, in which a 'hard’

solution has to work in a 'soft' environment.

Following the guidelines of a traditional Systems Engineering (SE) perspective,
the description of the approach is made in terms of the following aspects (Layzell
and Loucopoulos, 1989):

Philosophy - every systemic and systematic approach requires a basic
concept under which the boundaries of the target system can be defined.
Such theoretical core defines the system components, their attributes and

the types of relations they can maintain if the system is to operate properly
(Matheron, 1990; L6pez-Fuensalida, 1990).
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Design requirements - these are the objectives to be achieved by applying
the method. They are also called the 'system value' (Hall, 1989)
Modelling Orientation - techniques to be used in system description

Coverage - extent of the development cycle and method limitation
Deliverables - these are the 'tangible' outputs of the method, defined for

every stage.

In the following sections, the ADAM approach and how it was developed will be

described in these terms.

3.2. The Philosophy of ADAM

3.2.1. The model of TST: Concept of Architecture

The basic concept underlying the ADAM approach is that of Architecture (based
on Zorkoczy, 1989) which in its most general aspect can be defined as follows:

The structured arrangement of components optimized to achieve high

performance while avoiding unnecessary expenditure.

Bearing in mind this concept, a TST system is defined for our purposes as follows
(after Simén and Zorkoczy, 1991):

A Telecommunications Supported Training System is conceived as a

functional structure of technological components (Telecommunication
services running over Telecommunication networks) implemented in a

training environment in order to optimize the performance of its

actors.
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This definition views the TST system as a set of technological components acting
as a 'layer' under the training activities, and whose functionalities support every
actor involved. In this way, technology is at the service of human activities, its
components being selected and deployed only when their usefulness is
demonstrated.

The components of the TST system, as a result of the above statements, would be:

The Organization within which the system will operate
The Users who carry out the activities requiring support
Tasks that have to be performed

Services, defined as the exploitation of telecommunications

technology for educational purposes
The Technology (applications and networks) implemented and
deployed

Everyone of these components has a set of attributes or characteristics that will
affect the operation of the system as a whole. Likewise, various relations can be
identified between the components. The model presented in Figure 3.1 shows the
components and attributes of a TST architecture, and outlines the basic relations

established among them. These can be summarized in the following way:

People (who have personal attributes) are influenced by the organization in which
they act. Within this context, they are associated with a specific set of tasks (that
make them play an organizational role). Their performance in such tasks can be

improved with the support of services, that are provided by telecommunications
technologies. In using such services, people experiment reactions that can lead to
their acceptance of the technology, which would imply an improvement in their
performance. This improvement, finally, will influence the original

organizational goals and context.
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It is important to mention at this point that both the people and task components
of the TST system, as it is conceived in this work, include every role contributing
to the training process, and not just those regarding the teaching-learning
situation. Administration (enrolements, bureaucracy), management (line, training
and strategic) are examples of roles that can be of interest in a given system in
virtue of their potential improvement. The reason for this is that
Telecommunications technologies are introducing a 'globalization factor' in which
roles become more and more interdependent (OTA, 1989; Sankar et al, 1993; Lane
and Cassidy, 1994), and TST systems resulting from the application of ADAM
have to be open enough to cope with this globality.

The organization may be regarded as the suprasystem in which the TST system
acts. Its central influence in the process has already been shown when we
discussed the role of the context in Human Activity Systems. The degree of
uncertainty that it conveys determines the way in which the analysis phase of

ADAM is conceived.

3.2.2. The Concept of Adoption

The concept of Adoption is the other main pillar upon which the ADAM approach
has been developed, as its very name (Architectural Design and Adoption Model)
indicates. Its importance derives from the conception of the TST as a Human
Activity System, in which people have to make decisions on how to behave as far

as the use of technological support is concerned.

The term Adoption has already been defined in the framework of Rogers'

Innovation Theory as "... a decision to make use of an innovation as the best

course of action available", Within the specific field of Computer-Mediated
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Communication (CMC), the work of Hiltz (Kerr and Hiltz, 1982; Hiltz, 1988) has
illustrated a very similar concept, that of Acceptance, defined as: "... the degree of
willingness of an individual or group to utilize computer-mediated
communication systems.” (Kerr and Hiltz, 1982, pp.57). The authors recognize the
degree of subjectivity involved in the concept, as well as the difficulty in

measuring it (ibid.). They also state that acceptance can be equated with 'usage' if
four conditions are fulfilled:

(a) The users have a task that can be performed with CMC.

(b) Access to materials is provided.

(c) Users are free to select alternative systems.

(d) Users are well-acquainted with the system's functionalities and know

how to use them.

Kerr and Hiltz provide a comprehensive list of characteristics that may affect
acceptance and usage, classified into four groups: the individual user, the group,

the tasks and the system itself. As far as ADAM is concerned, it can be stated that:

Condition (a) is guaranteed with the Human Activity modelling process, by
which the technological support is obtained directly from the tasks that the

users perform regularly.

The condition of access (b) is defined at a later stage of the approach, in which
the architecture is translated into a physical topology of access possibilities for

users.
Condition (c) rather depends on the context (e.g., it is widely known that in

most organizations the key element in introducing word processors in clerical

departments is the prior removal of typewriters, thus eliminating alternatives
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for users), but has clear implications for the selection of pilot users to test the

TST design if conclusive results are to come out.

Finally, condition (d) is likely to be the most important one, in pointing to the
design of information and training strategies at different levels of audience,

content, etc,, in order to maximize the level of acceptance of the system as it is

implemented.

The concepts of Adoption and Acceptance constitute the basis of how ADAM
deals with relations between the technology and the users. This basis has taken

the form of two actions:

ADAM includes, as part of the architectural design, the elaboration of a set of
Adoption Strategies matched to the technological components. Such strategies
are structured into levels that correspond to the ones established by Rogers
(op.cit.).

Another essential activity of the approach is the elaboration of an Evaluation
Framework for the results coming out of the pilot experiences. It aims at
exploring the degree of users acceptance of the architecture implemented, and
the aspects that can be improved in this sense. For this purpose, evaluation

variables are based on the classification proposed by Kerr and Hiltz (op.cit.)

3.2.3. Education and Training: Implications for ADAM

The differences between Education and Training, both being learning processes,
have long been reported in the literature. Buckley and Caple (1990) select the
following definitions from the ‘Glossary of Training Terms’ of the Department of
Employment:
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e Training: A planned and systematic effort to modify or develop
knowledge/skill/attitude through learning experience, to achieve effective
performance in an activity or range of activities. Its purpose, in the work
situation, is to enable an individual to acquire abilities in order that he or she

can perform adequately a given task or job.

e Education: A process and a series of activiies which aim at enabling an
individual to assimilate and develop knowledge, skills values and
understanding that are not simply related to a narrow field of activity but to

allow a broad range of problems to be defined, analysed and solved.

Several differences have been stated between both concepts (e.g., Kenny and
Reid, 1987, in Buckley and Caple, 1990 in terms of categories such as process,
orientation, method, content and precision). But for the purposes of this work and
the ADAM systematic approach we shall focus on the goal of the process, which

in the case of training is to allow people to perform more adequately their

assigned activities in the organization.

The assumption underlying the ADAM approach is that an organization plans to
improve the performance of its personnel through investing in the
implementation of a technological support. In this sense, institutions such as
Universities, whose mission is to deliver education, may plan to introduce TST
systems aiming at, for example, optimizing their face-to-face courses by running
them in a “dual” mode, or increasing their prestige (and therefore their potential
enrolment) using advanced teaching media. Reports such as Boettcher (1993) or
the one produced by the Danish Ministry of Education (1993) introduce
interesting discussions on how Universities contemplate TST as an strategical part
of their business. Finally, the case study presented in Chapter 5 analyzes an
specific design of TST to these purposes for the Universidad Politécnica de

71



Madrid, showing how a training system may be embedded in an educational
institution whenever it wants to improve the performance of its faculty within a

set of strategical goals.

3.3. ADAM Design requirements

Following Hall's principles on Systems Methodology (1989), as the systematic
approach and the specific activities it recommends are the means by which certain
goals are pursued, the development of the method has to start from the definition
of such goals. They can be of a different nature: some may relate to the method
itself, and others may attach greater importance to the research contributions that
the application of the approach might make, while some necessarily consider the

quality requirements of the systems that the method will produce.

The design requirements stated for ADAM were the following;:

1. It should maintain awareness of the environment in which the system is to
operate, thus providing overall solutions that work throughout the whole
system'’s life cycle.

2. It should be able to identify and analyze the different architectural solutions
for the TST system in its context, providing criteria for choosing the optimal
alternative.

3. Itshould identify the needs, constraints and opportunities of the target system
(whenever it is new or it already exists), and identify the impact it may have
on individual users and on the organization, designing the corresponding
strategies to make users adopt it.

4. Being, as TST are, a Human Activity System, in which people play a central
role, ADAM should be user-oriented from its earliest stages.



5. The approach should act both as a design tool for new TST systems, and as an

instrument to analyze systems already implemented.

6. Given the high degree of complexity and interdisciplinary work of TST
systems, ADAM will provide both a structured procedure for teamwork and
also control mechanisms during the process for management purposes, from a
practical viewpoint.

7. From a research point of view, ADAM must be instrumental in explaining
how TST operate in the real world. The approach should therefore provide (as
much as possible) consistent systems, yielding comparable results and

consequent conclusions, thus expanding knowledge in this field.

Figure 3.2. shows these requirements and how they relate with the different

disciplines and issues discussed in the previous chapters.

Design Requirements

Requirement From...

Awareness of environment Systems Thinking

Offer alternatives,
select optimum one

Engineering Approach

Lessons leamed from IS
SSMethodology

Practice of TST
Practice of TST

ldentify impact on users

User-oriented
Design and Analysis Tool

Procedure for teamwork

Research on TST

Expand knowledge on TST

Figure 3.2, Design Requirements for ADAM



3.4. Modelling Orientation

Modelling orientation is one of the essential features of a systematic approach. It
allows the system to be described in terms of its relevant dimensions for the
purposes of the designer. Holling (1978) provides an appropriate definition of a
model as "a caricature of reality... leaving out all but the essential" (in Miser and
Quade, 1985, pp. 191). A proper modelling technique should produce models
which can be transmitted and which should serve as a basis for discussion and
prediction of the system behaviour (Layzell and Loucopoulos, 1989). In our case,
the highly interdisciplinary character of the team involved in the design and
implementation of a TST system makes this last point especially important: the
model should be understood by the key members of the organization, and by the

training-oriented and technology-oriented designers.

The technique adopted in ADAM falls under the so-called 'Judgmental Modelling'
category, and is based on scenario-writing (Quade, 1985). Such methods are used
in cases where the contributions of different individual points of view are
regarded as essential in order to grasp a system's characteristics, and where the
system is difficult to describe in quantitative terms. The objective here is not so

much to come up with a formal model, but rather to offer a consistent and

comprehensive organization of the information to help in decision-making at the

design stage.

In our case, the modelling has been split into three types of analyses:

1. Training Settings

2. Telecommunication Scenarios

3. Requirements, Constraints and Opportunities (RCO).
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3.4.1. Training Settings

A training setting can be defined as a systematic description of the environment and
conditions in which a training-related event takes place. This description is made in
terms of the actors involved, the kind of activities performed, the resources
required being inputs and the type of outcome outputs. The setting is very closely
related to the organization under study.

The analysis of training settings is based on traditional job analysis methods
(Buckley and Caple, 1990; Romiszowski, 1984). Through traditional techniques,
mainly in-depth personal and group interviews and questionnaires, a list of the
activities performed within the training system is compiled and the activities
described. It is important to note that the analysis of the training settings can (and

should) be discussed and checked directly with the key members of the
organization; the TST designer and the client should still 'speak the same

language'.

An important feature to mention at this point is the fact that the analysis of
Training Settings is carried out without any prearranged definition of roles and
activities. In our experience, there is a lack of uniform terminology throughout
organizations. At an earlier stage of this work, some research was carried out into
modelling techniques with a prearranged set of roles and activities (Simén and
Zorkoczy, 1991). Both interviewing and questioning techniques were used in five
large British and Spanish companies. Results showed that the structuring of
training activities and the terminology used for roles and activities varied widely
in every company; on the other hand, managers and technical staff found it very
difficult to estimate items such as 'the proportion of time in the whole training
process devoted to design', and 'roles involved in the needs analysis stage'. Even
much simpler concepts, such as 'what is a tutor?, had very different meanings for

different organizations. Understanding ‘what a training system is' requires a much

75



more customized procedure of analysis if useful information is to be collected for
the purposes of TST design. The resulting model defined is shown in Figure 3.3
(op.cit.).

3.4.2. Telecommunication Scenarios

We should not lose sight of the ultimate objective of ADAM, that is, the design of
technological support to improve training performance. The power of
Telecommunications lies in augmenting interaction possibilities among users, on
the one hand, and facilitating the delivery of information, on the other. The
objective of the second stage of the modelling process, the analysis of
Telecommunication Scenarios, involves the conversion of the activities defined
above into parameters that may eventually lead to decisions on the most efficient

type of support in every case.

A telecommunication scenario can therefore be defined as an abstraction of a
training situation showing the dimensions relevant to architectural-design purposes, thus
allowing a matching of educational needs with technological functionalities. It is, then, an
elaboration of the former setting, built around a series of properties that make it
appropriate for analysis in terms of technological components. These factors are:
information exchange needs, user grouping, synchronicity needs, communication
forms, and the coverage and functionalities required. A more detailed

explanation of each factor is included in a later section of this work.

Telecommunication scenarios are content-free, in contrast to the training settings.
Their main value lies in the fact that they can be convert_ed into technological
parameters. As it has also evolved directly from the analysis of the setting, the

telecommunication scenario constitutes a bridge linking both fields, and makes

progressive modelling possible.
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The technique of scenario-writing has been shown to be of assistance in the
discussion of several alternatives in a system design process (Zorkoczy, 94). Its
use can vary according to the method. For example, the CTA project uses a set of
pre-defined scenarios with a view to generating a specific view of a global
architecture from the analysis of its individual components (CTA consortium,
1994); this conception of scenario permits the visualization of the 'future' system,
and is also useful in testing intermediate stages of development (Zorkoczy, ibid).
However, the view of the scenario here is instead an abstraction stemming
directly from activity requirements, and providing the keys for proposals
concerning alternative telecommunications services and networks. In this sense,
the perspective is more along the lines of Helmer's thinking (cited in Quade,

1985), in that it is "clearly an art", for which few recommendations can be made:

"Scenario writing involves a constructive use of the imagination ... an
operations-analytical scenario starts with the present state of the world and
shows how, step by step, a future step might evolve in a plausible fashion out of
the present one...exhibiting a reasonable chain of events that might lead to it."

(pp-202)

3.4.3. Analysis of Requirements, Constraints and Opportunities (RCO)

The third stage of the modelling technique is also a consequence of the view of
TST as 'semi-soft’ systems. It is also closely related to the design requirement of
ADAM which states that it should 'evaluate the impact that the system can have
on users'. In order to explore this condition, and using the same techniques as in
the Training Settings analysis, users will be interviewed about their personal
perceptions of the use of technological support in the context of their activities.
Thus, we will identify a set of Requirements that the system must fulfil,
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Constraints (negative forces) and Opportunities (new behaviours that the system
may foster) modulating the resulting TST system model.

3.5. Coverage: The Application Scope of ADAM

In spite of the ambitious aim accomplished in this work, it is obvious that it
would not be possible for the ADAM approach to cover all the areas of interest
about TST systems. Equally, the earlier stages in which it is placed at the moment
means that some of its properties as a systematic approach are not still developed,

or are considered a matter of further research. Some of this current limitations are

described in the next paragraphs.

3.5.1. A Methodological Framework

A TST system operates in a human, social context, where learning activities are
the target. It would not be possible to state a fixed set of prescriptions that, if
strictly followed, guaranteed final success. ADAM does not pretend to be a
mandatory set of steps and rules. It contributes to the TST design project with a

structured process, providing control mechanisms, but it is open so as not inhibit

the creativity of the practitioner.

ADAM has been developed when TST implementations are at a primitive stage,

and little is known about how to teach and learn through telecommunication
media. It will necessarily have to evolve as applied research results give rise to

conclusions and theories about the use of such systems and their adoption in the

organization.

3.5.2. Target Organizations
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This framework is applicable to any type of training system within the context of
Adult Education: departments in private organizations, training centres,
universities, etc. As it is currently conceived, the targets are systems which have
already been implemented and which may incorporate technological support into
some parts of their processes. But it might also consider the design of training
systems from the point of view of an organization where no prior educational

activity exists. This being the case, the modelling process of the training system
would have to be preceded by a description of the training objectives and the

activities stated by the user organization.

It is also appropriate to point out here that ADAM has emerged from current
research into TST system implementation in the context of the European Union.

On the other hand, it has been tried out in Spanish organizations. Consequently,
its applicability to other environments is still to be tested.

3.5.3. Profile of the ADAM Practitioner

The setting up of TST systems is a process that involves the joint efforts of training
and technology staff from the earliest stages. The methodology stated here tries to

permanently bring educational and technological issues to a common sphere of

understanding and decision-making.

The ADAM approach constitutes a tool for training professionals to get to grips
with functional aspects of the technology, in order to be in a position to
participate in the design and implementation of the process, and validate and
manage successive implementations. Conversely, it provides a tool for technology
professionals to consider the context of their work in a comprehensive way, while
becoming aware of individual, social and organizational factors that affect

architectural decisions,
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3.5.4. Uses of ADAM

The ADAM framework can be used both as an aid to design and to analysis. In
the first case, it is used as a set of action guidelines, specifying tasks and
deliverables at each of the stages, while in the second case it may be used rather

as a checklist to supervise the actual implementation of the system. The

usefulness of both applications will be demonstrated in the two case studies
reported in this thesis, and the benefits of their adoption discussed separately.

3.5.5. Aspects beyond the scope of ADAM

There are aspects of the study of TST system creation that are not covered by
ADAM. Most of them require further work in this field, while others can rely on

well-established procedures already developed and therefore do not warrant

particular design methods. They are:

e Initial feasibility studies: ADAM stems from the point at which a decision is

made to design a TST system for the organization.

e Analysis and design of training models underlying TST: the framework
focuses on the adoption of telecommunications media as a support to training
activities that are currently being performed in a more traditional way. It does
not explicitly question the effectiveness of such activities. Nevertheless, the
modelling process is in itself a powerful evaluation tool, in making a detailed
examination of the "how" and "why" of training and exploring possible

improvements.
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* Technology development stages: whenever technical developments have to
be made, Software Engineering procedures should be incorporated into the

framework where appropriate.

* Specific aspects of project management: ADAM being in the initial stages of
development, the limited experience of application does not allow the

estimation of project management aspects such as timing, budgeting, etc.

* Tools: As a framework, it does not deal with the design of tailored tools.

However, references are made to standard techniques where appropriate.

3.6. Description of the ADAM approach

Figure 3.4 includes a graphical representation of ADAM as a model. For its part,

Figure 3.5 shows the overall methodological process as is recommended by
ADAM. As can be seen, the approach is structured into stages containing steps,

which are subdivided into activities.

It should be noted at this point that every step and activity defined in the

approach is inspired in one of the following sources:

Prescriptions coming out of research, either from ISD approaches, Systems
Engineering, IS Systems or from many other contributing disciplines of the type
of the ones discussed in Chapter 2. Their selection has also been made taking as a
criteria the experience of the author in the design and implementation of TST
systems in different contexts (Simén, 1992; Fries and Simén, 1993; Simén, 19%4a,

1994b; Sim6n and Martin, 1994),
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The following sections will describe these stages in more detail. Each of the stages

is described in terms of the:

* Objective
* Description of steps and activities
* Techniques that may be used (where applicable)

* Deliverables

¢ Roles involved

The steps and activities are illustrated and discussed in greater detail within
every of the case studies in Chapters 4 and 5.
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3.6.1. Stage 1 - Context Analysis

Step 1.1: Analysis Step 1.2: Identification

Institutional background TST objectives

TST scope
Technological culture Key people

Institutional objectives

Training culture Users and promoters
Commitment to change Project team

Institutional investment Cumrent TST infrastructure

Objective: To identify contextual conditions, both in terms of potential driving
forces and barriers to the adoption of a TST system in the organization

The purpose of this stage is to analyze those conditions of the organizational
environment that may be of relevance to the design and implementation of a TST
system. It is especially important to identify the 'driving forces', that is, those
aspects that may encourage the introduction of the system (e.g., motivated key
people with an ample sphere of influence, areas or departments with urgent
requirements that technologies can meet, etc.), as well as those with a possible
negative effect on the diffusion of the TST (reluctance within line management,
the negative attitudes of a group of potential users, etc.).

Checkland (1981, 1985) outlines the importance of the Analysis stage, and defines
it as "...getting the richest possible picture of the context". He also recognizes the

difficulty in coming up with a clear picture of the organization, since individuals

86



are often unclear about goals and processes, and their opinions frequently differ

to the extent of creating confusion.

The stage is structured into two main steps. The first one covers the analysis of
contextual factors. The results obtained are formalized and represent the input for
the further step of the identification of key aspects, that will set the basis for the
TST system modelling and design.

Step 1.1: Analysis
A1.1.1. Describe the institutional background

This activity consists of the study of relevant historical factors in the institution,
the structure of the organization, which department or area has taken the
initiative, its position in the organizational chart, and those background aspects

that may be relevant to future design work.
A1.1.2. Describe institutional objectives

The objectives pursued by the organization in trying to introduce the TST system

are analyzed here: image improvement, innovation, pedagogical effectiveness,

solutions to specific problems, etc. Organizational goals may not be clearly
defined, since social and economic factors become blurred; particularly in non-
profit organizations, there can even be contradictory objectives (Anthony, 1993).
Other studies also show that the criteria that may be stated by an organization for
implementing innovative training technologies do not usually depend on cost
factors, as one might think (Coopers and Lybrand, 1989), but rather on more
strategic, logistic or organizational factors. The adoption of a proactive, future-

oriented route into training versus a reactive problém-solving approach (Buckley

and Caple, 1990), can also be useful in sizing the TST adoption plan.
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A 1.1.3. Describe the technological culture

Examining the technological culture, that is, the extent to which technological
tools are used either in training or in any other area, will give an idea of the
degree of adoption already achieved in the organization. The analysis in this case
will have to address two aspects:

existing infrastructure in the organization, with a view to incorporating

technology if possible, and

users' opinions of technologies already deployed, perceived dangers

and constraints, lessons learned from previous experiences, users'

reactions and attitudes, etc.

A 1.1.4. Describe the training culture

The training culture within the organization also warrants study at this stage. It
covers aspects such as the time devoted to staff training and the
rewards/promotion systems (Buckley and Caple, 1990). Pedagogical strategies
provided by training experts concerning interactivity, communication processes,
etc. should also be studied here. It may be the case that potential trainees are
highly reluctant to take up Distance Learning or Technology-mediated methods
because they miss their subsistence allowances for travelling abroad. In other
cases, even if employees are happy with on-the-job training, it is a strategy at
different management levels to consider face-to-face meetings as necessary in
order to foster a corporate spirit among the staff. Trade Unions and their attitude
towards training should also be a matter of analysis because of the influence they

may have on users of the system.



A 1.1.5. Estimate the commitment to change

This activity searches for the sort of route into TST systems that the organization
intends to follow (Buckley and Caple, 1990): a pro-active, long-term strategic

approach, or a re-active route, with the purpose of sorting out specific problems
arising in the organization. Both routes will determine different types of

institutional commitments to change, which will in turn affect the design of the
TST system to a large extent.

A 1.1.6. Estimate the intended institutional investiment

The investment that the institution intends to make in setting up the system also
merits analysis. A division between short- and long-term budgets can be of help
in that it sets limits for the resources to be allocated.

Step 1.2.: Identification

A 1.2.1. Derive TST objectives from organizational aims

Activity 1.1.2 analyzed the aims pursued by the institution in initiating a TST
design and implementation process. Such aims have to produce specific TST

objectives that will serve as the basis for the modelling process.

A 1.2.2. Identify TST system scope

The intended scope of the system, both for the initial stages and for planned
implementations in the future. Details of this aspect, namely, the required future
size of the system, will map out the significance of the project, and will set a
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starting point for discussion on how to shape the implementation of the designed

system into different stages.

A 1.2.3. Identify the key people

The identification of and first contact with key members of the organization is a
very relevant point that greatly influences the course of the project from the
earliest stages. The management have to make final decisions regarding the
budget, human resources and corporate strategy as far as the TST is concerned.
The importance of having fluid communication with relevant managers in the
organization is reported as one of the factors which is crucial to the success of the
project (Collis et al., 1993). In the same way, the management of all the
departments that will be involved in the design and development of the system
have to be contacted, so that project team members are given particular

responsibility for decisions in their areas.

A 1.2.4. Identify users and promoters

The definition of the users is another important aspect. A lot has been written
about the importance of users' involvement from the early stages of the project as
one of the best instruments of motivation (Briefs et al., 1983; Baddeley, 1991;
Warburton, 1993). A sample of any group of potential users should take part in
the project and has to be identified at this stage. In the case of pilot stages
preceding final decisions regarding larger-scale implementations, the selection of
users is of great significance. In this sense, the information collected may well
give clues as to which would be a good group of users in terms of their capacity
to transmit results to their sphere of influence, both formally and informally, and

to the selection of non-reluctant users, or any other situation allowing for the

control of as many variables as possible.



The presence of 'technological champions' (Rogers, 1983) who act as conveyors of

enthusiasm and motivation to potential users is also desirable at this stage.

A 1.2.5, Identify the project team

An important outcome of this stage is the creation of a project team, including
people from different areas of the institution. The creation of such a team and the
fostering of fluid communication among its members is considered one of the
factors which contributes most to the smooth running of the project. The team
members should be given the responsibility for successive decisions made during

the process.

The following areas in the organization must be explored in order to identify the

members of the project team:

Corporate Development - If this role exists, the contact person in the early stages
may belong to this kind of department, having to 'push’' the project into the
most suitable areas of the organization.

Training - Also required is a person in charge integrating TST as an element of the
training programme or planning.

Computing or Technical department - this is the person who can select appropriate
technology for the eventual users, since he/she knows which kind of
technology is available and implementable in the organization. This role is
ultimately responsible for the technical implementation and maintenance of
the system.

Line management - it is important for users to perceive a positive attitude towards
the system on the part of line managers (Buckley and Caple, 1990). This
management support is carried out in time allocated for induction and

training, reinforcement of the user of the system, and the creation of a

favourable technology-supported working environment in general.
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Users - a level of commitment from each individual user is also an important
element. How to organize the participation of a sample of end users will

depend on the design and scope of the first set of experiences to be carried out.

A 1.2.6. Identify current TST infrastructure

It may be the case that the organization already has installations that can be used
by the TST system. In this instance, such infrastructure will have to be carefully
studied in order to incorporate as much as possible of the current infrastructure.
The design can thus derive the maximum benefit from previous costs incurred by
the organization and at the same time build upon any adoption initiative already

taken by users.

Stage 1 - Deliverables

e A very important outcome from this stage is the introduction of the TST
designer in the organization. The conception of the TST designer as a Change
Agent (Rogers, 1983) implies that he/she may achieve a certain degree of
empathy with the environment (or 'homophily’, in Rogers' terminology) at
different behavioural levels (ibid.). On the other hand, the familiarization of
the TST designer with the organization favours a user-need perspective that
prevents innovation-driven attitudes which he/she may experience if working

in excessive isolation.

 Another deliverable is to be a document containing the analysis of the factors
previously stated, and also specifying the driving forces and estimated
constraints, which can be discussed with key members of the organization.
These data will further modulate the system modelling and design stages.



* Finally, the creation of a project team with responsible professionals from the
areas involved, is considered by applied researchers in the area as one of the
most important preconditions for obtaining positive results (Boettcher, 1993;
Davies and Samways, 1993). The effectiveness of the team will have to be

checked at every stage of the process, as we will see later in this

methodological description.

Stage 1 - Roles involved

The TST designer takes a leading role at this stage. He/she will have to hold
interviews with all the actors mentioned above, or with the corresponding ones
detected in the organization. Key people and project team members are

incorporated as actors immediately after they have been contacted and they have

become familiar with the project.

Stage 1 - Techniques recommended

This initial stage is very similar to the one recommended by Instructional Systems
Design (ISD) researchers. Personal interviews with key people are recommended

as the most adequate technique. Unstructured observation can also give clues to

attitudes, prejudices, etc., concerning the project (Hannum and Hansen, 1989).
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3.6.2. Stage 2 - TST System Analysis

Step 2.1: Step 2.2: Step 2.3:
Training System Modelling RCO Analysis Cost-Benefit Analysis

Requirements Costs
Constraints

Analyze Training Settings

Analyze Telecomm. Scenarios

Opportunities Benefits

Match Scenarios / Services

Objective: To elaborate a model of the current Training system into
Telecommunications parameters, and to modulate it through the study of aspects

that may affect the further selection or architectural solutions.

This large phase is composed of two different steps. It starts with the modelling of
the Training system. The activity consists of analyzing the training settings to
find out who is doing what, when and how in the Training system as it is
currently working in the organization. Further elaboration takes place through a
technical analysis in order to come up with telecommunication scenarios,
corresponding to services and networks. An examination of the requirements,
constraints and opportunities of the new TST system should also be made.
Finally, a type of cost-benefit analysis has also to be carried out. All these factors

will determine the design process.

We will now consider in some detail the different steps and activities involved at

this stage:



Step 2.1. Training System Modelling
A 2.1.1. Analyze the Training Settings

Once the context has been defined, a detailed description of the whole training

process as it currently works in the target organization has to be performed.

Procedures for performing this sort of task can be found in the field of training
(Romiszowski, 1981; Buckley and Caple, 1990). Another example of how to make
this kind of analysis can be found in the work of MacLagan (1990), who takes as

the main axes the following elements:

Functions / Activities
Outputs
Roles involved

Quality indicators

In the case of ADAM, the inputs required to carry out the activities will also be

analyzed. Some hints will also be gathered on how actors perceive that the

system might be improved.

Each of the settings should also include a description of a 'map' of the
geographical sites where the activities take place, as well as give an idea of the

information flow between distant points.

The analysis of the training process can be as detailed as necessary, by further
breaking down the tasks under study. In some cases, a first level of analysis may
be enough, while other aspects of the same system will require more refinements,
because of the importance given to certain tasks, critical problems detected, etc. It

might also be the case that once a first analysis has been completed, a deeper
95



study is found necessary to clarify subsequent architectural suggestions at the
design stage.

It is probably important to clarify the definition of training settings in the
organization in contrast to job analysis, because of the reluctance this may create
among future users (Buckley and Caple, 1990). Such an analysis is better included
within the framework of traditional task analysis techniques (Romiszowski, 1984;
Buckley and Caple, op.cit.). It is similar in the comprehensiveness of the work,
and it also looks for reported ‘areas of difficulty' (Department of Employment
definition, 1978) but the aim in this case is rather to explore interactivity and
delivery aspects throughout the process which can be supported, enhanced or

expanded by the use of Telecommunication services and networks.

A 2.1.2. Analyze the Telecommunication Scenarios

As we have seen when describing the modelling orientation, Telecommunication
scenarios represent an abstraction of the settings previously explored within a set
of parameters allowing for further matching with telecommunication services and

networks.

The components of Telecommunication scenarios are the following:

Information requirements: the kind of information objects which have to be
transmitted or communicated. They can be included in the following

categories:

Text
Audio

Images, graphics
Pictures
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Video: slow motion, full motion

as well as any combination of them.

Grouping of Users:

individual - 1 person
small group - 2-20 people

large group - from 20 people to a mass group

Communication forms: the following types of interaction can be envisaged

(Paulsen, 1993):

One-alone (e.g., access to databases)

One-to-one (private mail, videophone)

One-to-many (DBS, radio)

Many-to-many - full interactivity (Computer conferencing,
multipoint videoconferencing)

Any of these forms can, for their part, be one-way or two-way.

Level of Functionality required: the task can imply different levels of

complexity in the communication context. They can be included in the

following range:

Simple retrieval - downloading of materials for working off-
line
Browsing - possibility of navigating remotely and making
choices
Editing - entering and modifying information
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Authoring - starting or generating applications on a non-local

basis
A 2.1.3. Analyze the matching of Telecommunications Services / Scenarios

The final result of the modelling process is a set of different telecommunications
services and networks that may be implemented to meet the interactivity and
delivery requirements of the training activities in the system. Several alternatives
usually come out at this time, to be studied, combined and selected during the

design stage, in order to be integrated into an architectural solution.

A Telecommunications Service may be defined as a set of functionalities with an
underlying technological infrastructure which is offered to users as a support to
their activities. Several classifications of Telecommunications Technologies are
starting to emerge on the basis of their applicability to support human tasks. The
work by Grover and Goslar (1993), for example, is claimed to be "one of the first
attempts to evaluate empirically this group of technologies" (pg. 167) in the light
of users' estimated patterns of usage. Their proposal relies on the concepts of
adoption (intention to implement), implementation (actual installation and use)
and innovation (perceived uniqueness or novelty of the technology), giving rise to

the following classification:

Pervasive technologies: the ones that exist in the organization regardless of any

other, as for example, PBX or fax.

Backbone technologies: their implementation tends to be related to the adoption
of almost all other technologies, that is, they act as the channel for wider
adoption of others, This group would include WANS (Wide Area Networks)

or VANs (Value Added Networks)



Advanced technologies: their adoption tends not to be produced in isolation, but
rather after less advanced applications have already been incorporated.

Examples mentioned by the users were videoconferencing and ISDN.

Other taxonomies place the emphasis on the capacity of the technology to bridge
time and distance spannings (e.g., CTA , 1993), establishing the following

categories:

Deferred time communications

Remote access to Multimedia Information

Real time communication

A classification of the telecommunication services is proposed here which relies
on the concept of modes of remote activity. It can be assumed that any scenario in

which a person has to perform a task remotely is built around two main

dimensions:

- Communication ends, or partners involved - people and/or information. This

dimension includes to two kinds of service:

Information services - people interacting with information at the
other end

Communication services - people interacting with people at the other

end

- Synchronicity - makes reference to the need for simultaneity of connection of

both partners for an effective task performance.




Coincidence No coincidence

(5 X

Synchronous Asynchronous

Deferred databases

— On-line databases Retrieval systems
E Videotex File transfer services
Information
Sources
Telephone Mail
[ W Audioconferencing Fax
& Videoconferencing Computer Conferencing
Broadcasts Electronic Mail

Screen sharing

)

People
Figure 3.6. Modes of Remote Work and their Corresponding Telecommunication Services

Following this criteria, then, services can be classified as:

Synchronous, requiring coincidence in time

Asynchronous, not requiring coincidence in time

Figure 3.6 shows the resulting taxonomy of telecommunication services, including

some examples for each case,
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Step 2.2 - RCO Analysis

A 2.2.1. Analyze TST system Requirements

Requirements - Conditions the system must fulfil

Besides the general objective of supporting the activities defined in the Training
settings with technology, the organization usually has a set of conditions that the
system must necessarily meet: for example, to be accessible to external users from
their homes, to be capable of monitoring every actor's time and activity in the
system, to be available in a specific language, etc. These priorities place a first set