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OBJECTIVES

Information technology clearly has become a major tool of competive.'
strategy. This 1is true in most industries, and especially in
transportation and logistics.

To manage the development and implementation of information
technology-based strategy is a difficult task. Managers need a conceptual
framework to guide this process. This paper proposes such a framework,
suggests sgeveral practical techniques for strategy development and
implementation (based on the framework), and concludes with recommendations
for management actions and for research. (1)

BASIC PREMISE

In our view, strategic analysis' of information technology options must
be based on this basic premise:

TECHNOLOGY CHANGE SHOULD BE PLANNED AND MANAGED
AS PEOPLE CHANGE

To achieve a sustainable competitive advantage, it 1is not sufficient
to plan information technology changes in isolation. Parallel, coordinated
people change is essential 1if technology changes are to be effective.
People are the basic resource of an organization. For every strategy being
considered, there are certain people in the organization whose performance
i8 critical to the success of that. strategy. These critical individuals
and groups not only must accept and be comfortable with the new technology,
but also must modify their basic patterns of work to take advantage of the
new technology if the technology change is to succeed in changing strategic
advantage:

THE FUNDAMENTAL OBJECTIVE OF CHANGES IN INFORMATION TECHNOLOGY
IS TO BRING ABOUT CHANGES IN THE WAYS IN WHICH PEOPLE WORK

CONCEPTUAL FRAMEWORK

The central ideas of the conceptual framework are expressed in Figure
1, Linking Strategy to People, and in Figure 2, Integrated Action Program.

Figure 1 expresses a general approach to formulating strategy. The
first step in managing information technology effectively is to have a
clear strategic vision of what the organization's business is to be. This
strategy may be based heavily on the use of information technology, or
information technology may play only a supporting role.(z)

For any strategy, there will be certain processes the performance of
which 1is critical to the successful execution of the strategy. These
critical processes must be identifieds Then, for these processes, the




FIGURE 1. LINKING STRATEGY TO PEOPLE
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functions to be performed and the information flows to support the
performance of those functions must be identified.

For each critical process, there will be several tasks whose
performance is critical to the successful working of that process. These
critical tasks must be identified.

Tasks can be characterized usefully in terms of the individual and
group processes by which people work on the problems posed by the task.
These “"problem-working processes” are supported by, and influenced by, the
human system around the tasks and by the information system. These three
groups of variables - problemworking processes, human system, and
information System - are the critical elements which characterize each task
and influence task performance (Figure 1). (3)

The major aspects of the human system include organizational culture,
organizational structure, social structure, reward systems, and human
resource development systems (Figure 3). The ability to bring about
desired changes in problem~working processes may be retarded or helped by
some of these aspects of the human system. To be effective the process of
change must explicitly recognize and, where appropriate, take actions to
change some of these variables in coordination with information system and
problem-working process changes.



FIGURE 2. INTEGRATED ACTION PROGRAM
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' FIGURE 3. KEY HUMAN SYSTEM VARTABLES

ORGANIZATIONAL CULTURE
VALUES-SHARED, CONFLICTING:
ORGANISATIONAL UNIT
PROFESSIONAL GROUP
CAREER LADDER GROUP
OTHER
STYLE
RULES OF THE GAME
ORGANISATION STRUCTURE
DIVISION OF LABOR
DEPARTMENTALISATION-ORGANIZATION STRUCTURE
JOB DESCRIPTIONS-FORMAL, INFORMAL
INTEGRATIVE MECHANISMS
PERSONNEL AUTHORITY RELATIONSHIPS
FORMAL COMMUNICATION NETWORKS
SOCIAL STRUCTURE
FRIENDSHIP PATTERNS
POWER AND INFLUENCE RELATIONSHIPS
STATUS AND IDENTIFICATION RELATIONSHIPS
INFORMAL COMMUNICATION NETWORKS
REWARD SYSTEMS
COMPENSATION
PROMOTION
ADVANCEMENT OPPORTUNITIES
RECOGNITION OPPORTUNITIES
PERFORMANCE APPRAISAL
PERFORMANCE MEASURES
HUMAN RESOURCE SYSTEMS
DEMOGRAPHICS
SKILLS
MOTIVES, EXPECTATIONS
RECRUITMENT-SELECTION
TRAINING AND DEVELOPMENT



The major aspects of the information system include hardware
(computers and communications), soffware, databases, and service delivery
mechanisms - ways in which users get assistance in acquiring new
capabilities (Figure 4). This listing reflects a "technology" or "supply”
perspective. From a user perspective, the key element is the electromnic
work station (Figure 5), (4) the interface between the individual of task
group's problemworking processes and the resources reached through the
information system. The workstation's linkage functions link the user to
resources both within and outside the organization (e.g., customers,
suppliers, and other system wusers; and information resources such as

databases). (5) The workstation's problem—working functions support the
individual's activities of working on problems (Figure 6). (B)

FIGURE 4. MAJOR INFORMATION TECHNOLOGY COMPONENTS
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FIGURE 6.
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Technology planning and implementation should be visualized in terms
of potential changes in the linkage and problem-working functions provided
by the workstations. These changes can be expressed through the concept of
a Strategic Information Map (Figure 7). This "map" shows how the critical
tasks are supported by specific design features of the information
strategy.

Figure 2, The Integrated Action Program, expresses a view about the
process of strategy implementation. Planned change must focus on changes
in problem-working processes, but must also include changes in both the
human system and the information system. The information technology change
is only part of the forces influencing the problem-working processes, and
therefore task performance; the human system offers incentives and
constraints on the processes as well, and actions in the human system are
almost always necessary to achieve effective change in the problem—working

processes.

For an information technology-based strategy to be effective, it is
essential that the strategic concept and strategy implementation plan be
integrated so that changes in all these major elements are consistent and
coordinated:

- the strategic vision,

- the critical processes,

- the critical tasks, and

- the problem~working processes, information system, and human system
supporting those tasks.
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FIGURE 7. STRATEGIC INFORMATION MAP
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SOME USEFUL TECHNIQUES

This conceptual framework serves as a basis for development of a
number of specific techniques.

The Information Technology Strategic Assessment (ITSA) (7) 1is a
systematic approach to assessing the strengths and weaknesses of the
organization's present or proposed strategies. The ITSA is a set of
questionnaires which can be used to guide initial information collection
about the organization and its present strategy and processes.
Additionally, the ITSA 1is also useful for focused information gathering
during the process of developing and analysing alternative strategies.

The Strategic Information Map is a useful tool for visualizing the
information system - existing or proposed - from a perspective of user
service. As described above, this 1includes identification of the
information flows both internal to the organization - vertical, lateral, or
inter—-group flows ~—~ and external to the organization - customers,
suppliers, competitors, others, and also the support to problemworking
processes by planned workstations.

Specific Information Linkage Criteria are proposed for assessing the
quality and effectiveness of information flows internal and external to the
organization (Figure 8). (8) Workstation Design Criteria (Figure 9) (9)
are also proposed for assessing the quality of the workstation Ffunctions
provided, in terms of individual motivations and effectiveness and the
quality of working life.
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FIGURE 8. ATTRIBUTES OF LINKAGES
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FIGURE 9. USER SATISFACTION: CRITERIA FOR WORK STATION DESIGN
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FIGURE 10. BASIC STRATEGIC PLANNING METHODOLOGY

I. INITIAL ASSESSMENT
II. STRATEGY FORMULATION - INITIAL
III. IMPLEMENTATION PLANNING
AS NECESSARY, ITERATIONS OF
- ASSESSMENT
- STRATEGY FORMULATION
- IMPLEMENTATION PLANNING
IV. IMPLEMENTATION MONITORING AND PLAN REVISION

12



The Integrated Action Program (Figure 2) 1is a management tool to
structure the strategy implementation process into a series of tasks in a
coordinated work program. An overall Strategic Planning Methodology has
been outlined (10) which integrates these techniques in a manner consistent
with the conceptual frameworks (Figure 10).

THE CRITICAL TASK ELEMENTS - AN EXAMPLE

The definition of the critical task elements is at the core of our
methodology. To i1llustrate these concepts, we will examine briefly some
aspects of the task of managing the use of locomotives (“power") on a
railroad. (11) “Power dispatchers” are the individuals who make detailed
operating decisions about the uses of locomotives. The processes which
power dispatchers appeared to follow were studied by observations of
dispatchers at work and by interviewing dispatchers and other personnel.
Several railroads were examined.

The work of the power dispatcher

The primary role of locomotives is to pull trains of freight cars over
the railroad from one location to another. The processing of locomotives
in yards 1s a central element in power utilization (as it is with car
utilization):

l. When a train pulls into the yard, the locomotives are inspected to see
if there are any maintenance needs.

2. The locomotives are detached from the cars. The cars are moved through
the yard by a yard engine to walt on tracks for departure to their next
destination. If locomotives require repair or scheduled maintenance,
they are moved to appropriate locations. All other locomotives are
moved to a holding area to wait to be assigned to an out-bound train.

3. When required repairs on locomotives are completed, they are moved to
the holding area.

4. When an out-bound train is to be assembled, appropriate locomotives are
selected from the holding area and moved to the train.

There are numerous uncertainties in this process. 1In addition to the
uncertainties about the arrival time of a locomotive at a yard, the
occurrence of unscheduled repairs and the many factors influencing the time
required to accomplish maintenance (whether scheduled or unscheduled)
create additional wuncertainties. Therefore, the numbers, types, and
locations of power units available to be assigned to particular trains is
always uncertain.

The problem faced by the dispatcher is to assign the necessary number
of locomotives to each planned out-bound train. He also tries to improve
the distribution of avallable locomotives by repositioning units among
yards when necessary. He tries to assign locomotives to trains to meet
several goals:

a. train departure requirements -~ providing enough locomotives at the
right place at the right time to enable a scheduled, or
unscheduled, train to depart when desired;

be meeting minimum power requirements - having the required total
horsepower available to haul each train, which requires estimating
the number of cars for each train in advance, or alternatively,
holding some cars for a later train if sufficient power can't be
supplied;

Ce observing required standards for maintenance and other servicing
of power units;
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d. achieving desired goals for utilization of the units;
e, and others.

This problem is complex not only because of the multiple goals, but
also because of the uncertainties indicated above. The power dispatcher is
continually having to adjust his plans for using particular locomotives to
reflect the randomly-changing availabilities of particular units. Further,
requirements for power to be assigned to trains depend not only on the
scheduled trains, but also the numbers of cars in a yard requiring movement
to particular destinations, and corresponding operating decisions that are
made about train lengths and about running unscheduled trains.

Individual problem-working process

Figure 11 shows the general structure of a typical dispatcher's
processes of working on the power management problem. At the beginning of
his shift, the dispatcher develops an initial dispatch plan which will
guide his work during the shift. This involves

1. reviewing available data and assessing the present situation -
locations where there are too few or too many locomotives, the numbers
and status of units in the various repair shops, and their expected
times of availability for use, and other data;

2. development of a preliminary plan for his work shift, specifying how he
plans to deploy the available locomotives to meet the expected train
requirements;

3. adjustments of the preliminary plan to redeploy locomotives to obtain
better plans;

4, finalization of a plan for the shift.

Once finalized, the plan serves as a basis for executing the decisions
- assigning specific locomotives to particular trains scheduled to depart
at particular times. Then, the dispatcher begins executing the plan.
Inevitably, as time goes on, various operational contingencies rise - e.g.,
breakdowns on the road, inspections identifying needed but unanticipated
repairs, delays in completion of maintenance, greater or lesser numbers of
cars to be moved than were planned for, etc. These result in the need for
the dispatcher to revise his plan throughout his shift as he executes it.

FIGURE 11. GENERAL PROBLEM-WORKING PROCESS-OVERVIEW

SHIFT IWMITIATION: ASSESSHMENI
PRELIMIMARY
DISPATCH PLAN
TRIAL CHANGES

FINAL DISP. FPLAH

M

PLAN EXECUTIOM STEPS-PARTIAL

EYENTS=>PLAN REVISIOMSREXECUTE

EUENTS=»PLAN REUISIONS®EXECUTE

TURMOVER TO MEXT SHIFT

14



Figure 12 and 13 show the processes in which dispatchers developed and
revised plans in greater detail. TFigure 12 shows in detail the processes
used to accomplish one step in Figure 13, the search for additional
locomotives. Different dispatchers perform this search in different
ways. Some search broadly, while others search deeply.

While these figures do not capture all of the richness of detail of
the actual processes, they do suggest the complexity of the processes used
by actual dispatchers.

FIGURE 12. BASIC PLANNING METHOD
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Improving problem-working processes

Several conclusions emerge from this examination:

1. The task of dispatching power is complex, involving many choices and
many criteria, in a dynamic, pressured, and uncertain context.

2. The power dispatchers typically have worked at their jobs long enough
to have developed good methods for working successfully on this complex
problem. In addition, they have acquired substantial experience with,
and insight into, the issues with which they are dealing. Their
methods are "good enough" that they produce results with which the
individuals and the organization survive.

The basic objective of this research was to improve the utilization of
power, through the provision of computer tools. There are two basic
approaches to achieve this objective:

1. optimization approaches - develop large-scale computer models which
endeavor to find dispatch plans which “"optimize" some objective such as
the utilization of power;

2. heuristic support approaches - develop computer tools which enhance
power dispatchers' abilities to work more effectively on this problem.

In the first, "optimization," approach, often advocated by operations
researchers and other computer specialists, the objective is to minimize
the need for human input, and, if possible, to replace the human with a
computer model. The premises of this approach are that it is feasible to
develop a computer model which incorporates all the relevant factors at a
level of completeness and detail sufficient to produce results sufficiently
detailed and valid to be used under all possible operating conditions.

We doubt that it is feasible to follow this approach successfully in a
problem as complex as that of power management, or in many other similar
tasks in transportation and distribution organizations.

In the second, "heuristic support,” approach, the objective is to find
ways of providing computer tools which the dispatcher himself finds useful
as he works on the power management problem. That is, the premises of this
approach are that the experience and insights of the dispatcher are
valuable, and cannot be captured completely in a computer model. Instead
of trying to build a single large computer program or model which tries to
find "the best"” dispatching plan, one should try to understand the ways in
which humans work on this complex problem and endeavor to develop
techniques which make this human "problem—working" process more effective.
(12)

This requires several things:

1. understanding how the dispatcher operates now;

2. development of ways of improving the dispatcher's performance, while
still leaving him in control of the process;

3. incrementing improved capabilities in steps, in which the user tests
and reacts to new capabilities, and at each step can accept thenm,
reject them, or suggest improvements (13)

Thus, several observations emerge from this example:

I. It is essential to understand the processes by which people work on
problems now, in order to design methods to improve those processes.
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II1. In most situations, the objective of improving human problem-working
processes is more desirable and more effective than the objective of
replacing people by computers.

I1I. Improving human problem-working processes requires active acceptance
of the objective by the individuals now working on the problem, and
active participation in the process of developing new tools by those
individuals as users and “testers" of possible tools. This requires
that those individuals developing new tools gain the confidence and
support of wusers prior to, and throughout, the process of
implementing each successive jmprovement in the tools.

Iv. Usually there will be organizational factors which influence the
individual dispatcher's capability and willingness to try new
approaches. For example, promotion and other reward criteria may
penalize failures and not reward risk-taking, thereby causing
individuals to be reluctant to try new methods. It may be necessary
to change these organizational forces.

The individual in the task group

The processes used by individual dispatchers must be examined in the
context of the activities of a number of other individuals with whom the
dispatcher interacts.

Each day, all the relevant operating personnel participate in an
operating conference, conducted by telephone. Additional interactions take
place each time it is necessary to assign locomotives to a specific train
at a specific terminal; Figure 14 shows the usual participants and sequence
of interactions. Figure 15 shows the organizational locations of each
participant in the process shown in the preceding figure.

It is immediately apparent that the organizational dimensions of this
process are complex. The individuals who participate in the process of
managing locomotives are in different formal organizational units.

FIGURE 14. COMMUNICATION LOCUS-POWER DISPATCHER TASK
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FIGURE 15.
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Therefore, we can expect that they have different criteria for effective
performance, different goals, different perspectives, and different skills,
training, and experience. Purther, we can expect that in the normal nature
of organizations, each unit has different goals, styles, and processes, and
that there is some mixture of conflict and mutual support affecting the
relationships among various units.

In general, then, we can add these observations to the four earlier:

v. The task of dispatching power is a complex organizational process,
involving participants in a number of organizational umits.

VI. Typically, any change in the procedures wused by one or more
participants in the process will have some impacts on the ways
participants in other units do their work, and some of these impacts
may be perceived as negative by those other units.

VII. To gain acceptance of improved procedures by the individuals in
different organizational units who participate in the dispatching
process, we need to recognize the many, possibly different, pressures
on each of the participants, and develop ways of accommodating those
pressures.

Conclusion: The Three Critical Task Elements

This brief description of the issues in improving power dispatching
illustrates our identification of the three critical task elements in
Figure 1: problem working-processes, information system, and human system
variables. 1f we are trying to use information technology to improve the
functioning of an organization to achieve some specific objectives:

I. We must understand the problem—working processes of those whose

behavior we want to see changed, in order to identify ways in which
those processes can be changed to achieve the objectives.
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1T1. The problem-working processes must be understood at two levels:
A. the individual level, and
B. the task group level, in which a number of individuals interact in
the process of working on the problem.

III. The organizational forces operating on individuals may significantly
affect their readiness and capacity to accept changes in their
problem-working processes. Therefore, human system forces on the
individuals in the task group must be understood, again at two
levels:

A. forces on the individual, and
B. forces affecting relationships among, and interactions between,
individuals in the task group.

Thus,

iv. Every task is accomplished through the interactions of three major
elements (Figure 1):

a. the problem-working processes of individuals and the interactions
of the processes of the individuals in the task group:

b. the information system - both manual and computer components -
which supports the problem-working processes; and
c. the human system - the set of organizational forces and

relationships which impact on individual and group behavior and
particularly the willingness and capacity to accept changes in the
problem-working processes being used.

V. In general, for change to be effective, all three elements of a task
must be evolved to remain congruent. That 1is, to successfully
accomplish desired changes 1in problem-working processes requires
effective changes in information systems capabilities and may also
require changes in some elements of the human system forces
influencing individual and group performance and readiness and
capacity to accept change.

ACTTIONS FOR MANAGERS

The theoretical concepts also lead to specific action suggestions for
managers :

1. Senior managers should consider carefully whether they themselves
should take charge of managing information technology-based change.

2. Managers should manage technology change as people change, with a
strategic vision, following the concepts expressed in Figure 1.

3. Managers should integrate people change and technology change, using

techniques such as:

a. developing an Integrated Action Program, incorporating coordinated
actions of five major types: management actions, involvement
tasks, people system tasks (concerned with changing elements of
the human system, such as revising job descriptions or changing
rewards criteria), information system tasks, and problem-working
process tasks (Figure 2);

b. conducting an Information Technology Strategic Assessment, an in-
depth examination of the organization's present strategies and
capabilities;

ce using the Strategic Planning Methodology proposed;

d. developing a microcomputer action program as part of the
Integrated Action Program.

4, Managers should focus change on the individuals in the organization

by: .
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a. using a user-dominated strategy to develop information support to
individuals and task groups (13);

b. humanizing the technological environment by adopting explicit
design criteria (such as Figure 9) to guide the development of
electronic work stations and supporting software;

c. taking steps to focus people's attention on their own problem—
working processes through stimulating discussion, analysis, and
development of improvement suggestions.

5. Managers should implement technology-based change in a phased,
controlled manner.
6. Senior managers should provide effective staff support to 1line

managers to help them manage people-based technology change in their
organizations. This requires careful planning for the integration of
support provided by both the information systems (IS) and human
resource (HR) staffs. It may be desirable to consider significant
rearrangements of information systems and human resources staffs,
such as:

a. establishing a new organizationmal unit, pooling selected staff
from HR and IS

b. designating a single senior executive to whom both HR and IS
report, and who coordinates the delivery of their services to line
managers

c. merging HR and IS into a single staff function to be truly
effective in providing people-based technology change support to
line managers.

ACTIONS FOR RESEARCHERS AND EDUCATORS

Further research is needed to develop and test both concepts and
techniques for information technology-based strategic management. The
theoretical concepts and practical techniques presented briefly here are
only one possible approach, and need to be subjected to careful testing and
refinement and to critical debate.

Such research should be at both the theoretical and practical
levels. Regsearch 1involving strategic planning efforts at specific
companies would be particularly valuable.Research is especially needed on:

1. the structure of problem—working processes and on ways of designing
computer support to enhance human problem-working. This is a high
priority area and would have major dimpact in transportation,
distribution, computer - integrated manufacturing, and numerous other
applications. (14)

Other important topics include:

2. techniques for assessing strategic choices incorporating information
technology considerations (2)

3. testing and refinement of the conceptual framework described here (ox
alternative frameworks), through application in developing
information technology-based strategies and implementation plans

4 case studies of transportation and distribution organizations and
their uses of information technologies for strategic purposes

5. development of software systems that support user—dominated
applications development (evolutionary application-generating
systems)

6. development and testing of practical techniques for managing the
phased change implementation process outlined here (1)

7. examination of alternative approaches to organizing and managing

20



support to line managers (e.g., alternative forms of human resources
and information system organizations), including necessary training
for existing persomnel to adopt new roles.

8. development of management training programs to better equip senior
managers and line managers to manage technology change as people
change.

More important than specific topiecs is the question of general
research approach. It is essential in our view to form interdisciplinary
research teams, combining the skills and perspectives of organization
behavior, cognitive psychology, dinformation systems, and managerial
strategy. Such teams would do basic research and would also work closely
with industry to test research results in practice.

Dialog between researchers and managers in dindustry is especially
critical on these- topics. The transportation industry could take a lead
role in this type of research-industry cooperation.

This theory also has important implications for education. It is
essential that we educate students (and professionals) with the skills to
manage both people change and information technology change. These people
are needed in transportation and in many other industry sectors.
Appropriate educational offerings need to be designed for bachelors,
masters and doctorate degree levels, and for continuing education for
managers. (Design has already begun for a management program to help
managers deal -with technology change as people change.)

CONCLUSION

We began our discussion with a basic premise: change in information
technology should be managed as people change. We explored this premise,
discussing a conceptual framework which pulled these ideas together from a
theoretical perspective. We illustrated elements of the theory with the
example of railroad power dispatching. We then looked at the implications
of these ideas for actions by managers and by educators and researchers.

We come at these issues as transportation professionals, interested in
figuring out how to manage the priority issues in our industry. Yet, we
find ourselves having to dig deeply into issues which are of general
interest and which are applicable to many other sectors as well.

We hope the reader will find these concepts useful in organizing his
or her own thoughts on how to deal with information technology. We look
forward to critical discussions of these ideas as we try to shape these
concepts further and carry them into practice in industry. We also invite
suggestions of examples and opportunities for case studies.
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