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The antecedents of technology use involve user,
system, task and organization characteristics as well
as externalities which can affect all of these entities.
Evaluation ofall entity attributes would be impossible;
however, measurement of the interaction effects
between these entities can act as a proxyfor individual
attribute values. A model is proposed which, based
upon evaluation of these interaction effects, should
predict technology utilization. This model will provide
insight into the relationship between the antecedents of
technology utilization. Also, application of the
approach described can provide a predictive model
and taxonomy of variables which can be applied to
predict or manipulate the likelihood of utilization for
planned technology.

INTRODUCTION

When faced with a specific information problem that
requires a solution, the individual will navigate
through a unique solution space in an attempt to decide
on a specific method of solving the problem. All
solution spaces can be defined by the primary forces
which make up the space. For information technology
solution spaces, these forces consist of the users,
systems, tasks and organizations involved.

The relative strength of any of these forces in
determining a solution to be applied is a result of the
combined characteristics of the forces and their
interactions. The number of all possible characteristics
involved in describing any point in a solution space,
while not infinite, is formidable and an attempt to
predict outcomes of problem and solution space
mappings through measurement of single attributes is
an untenable undertaking. While conceivable within
the confines of a controlled environment, practical
application of such a methodology is destined for
failure due to the resources required to map points and
predict possible interactions. Also, erroneous
deductions due to omissions of measurements of
pertinent attributes are extremely likely since the
relative importance of any one attribute is a dynamic
variable temporally dependent upon interactions
between forces in both problem and solution spaces.

Defining a tenable methodology for mapping any
solution space is dependent upon the ability to identify
a small number of reliable measures which accurately
reflect the dimensions of a solution space and which
can be generally applied to a solution space
independent of the problem space. The only logical
candidates for such measures must be those that focus
on describing the interactions between primary forces,
since characteristics of these forces define the
parameters of the interactions. The interactions of the
forces are then extensions of the attributes of the
individual forces and effects from each force attribute
resonate throughout the interactions themselves.
These interactions driving technology application are:

1. USER-SYSTEM: historically related to the
field of Human-Computer Interactions (HCI);
globally represented by a measure of system
satisfaction.

2. USER-TASK: represented by a measure of
information need.

3. USER-ORGANIZATION: encompasses not
only the user's particular place within the
organization, but also the user's attitudes; job
satisfaction is linked to this interaction.

4. SYSTEM-TASK: can be characterized
through a measure of task-technology fit.

5. SYSTEM-ORGANIZATION: involves the
degree to which the organization champions,
endorses, or requires use of a system, i.e. the
organizational support for the system.

6. TASK-ORGANIZATION: describes the
value an organization places on a particular
activity or information.

As can be seen in Figure 1, the user forms the focus for
all interactions that occur in this model. Three
interactions involve users directly: job satisfaction,
system satisfaction, and task need. The remaining
three interactions by definition do not involve the user;
however, the perception of these interactions by the
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user are directly related to utilization. An example of
this relationship can be shown in the fact that the
users' perception of the organization's support for a
system affects utilization more than the actual degree
of organizational support. Also, users' perceptions are
often easier to elicit than actual values.

Figure 1: Relational Diagram ofPrimary Forces and
their Interactions

BACKGROUND

Few studies have attempted to fit user, system, task
and organization characteristics into a theoretical
model; however, very few have recognized the more
global orientation which incorporates all of these
attributes in a single model. Part of this deficiency
may be due to the difficulty in measuring enough
representative attributes to sufficiently describe a
useful model. Borovits and Giladi's research [1] while
based in a systems orientation does attempt to bridge
to a more global perspective by incorporating
"peopleware" as a component of systems success.
Also, they recognize that system performance can be
considered on several levels, including the
organizational level, the information service level, the
application level, and the job level. However their
proposed model is limited to measurement of
utilization through a proportional approach combined
with cost information. Thus the model lacks
incorporation of organizational, task and a majority of
user factors.

Other studies, while maintaining a user orientation,
have indirectly incorporated measures reflecting
selected primary factors. Igbaria and Parasuraman [2]
identified five dimensions underlying attitudes towards
computers which affected use: "perceived utility;
limited hardware/software capacity; problems in use;
time requirements; and user-friendliness." The
interactions of user-system, and system-task can
clearly be seen in several of these dimensions. Robey
[3] also listed determinants of system use found in the
literature. Among the determinants reviewed by
Robey were "user attitudes and perceptions, technical
quality of the system, performance, situational and
personal factors, and decision style." These findings
support the idea that variability in effects of utilization
are less likely to be well accounted for by granular
measurements of primary force characteristics than by
measurements of primary force interactions.

In the 1970's the Theory of Reasoned Action (TRA)
was the first theoretical perspective in utilization
research to gain widespread recognition. [4] This
theory posits that "individuals would use computers if
they could see that there would be positive benefits
(outcomes) associated with using them." While this
theory has demonstrated widespread validity, it does
not sufficiently account for all variables necessary to
explain utilization. Some researchers have suggested
that beliefs about outcomes are actually tempered by
the user's expectations about their own capabilities in
regard to the technology.5

In 1986 Fred Davis introduced an adaptation of TRA
that he christened the Technology Acceptance Model
(TAM). This adaptation was specifically designed to
model user acceptance of formation systems in
general. The TAM model has drawn widespread
validation from a number of studies. [6-10]

Recently another utilization model has been proposed
in the literature. Goodhue and Thompson [11]
proposed a model called the Technology-to-
Performance Chain (TPC) which asserts that "for an
information technology to have a positive impact on
individual performance, the technology must be
utilized, and the technology must be a good fit with the
tasks it supports." They developed their model by
integrating the previously disparate streams of research
focusing on technology utilization and task-technology
fit (TTF). The utilization-focused research emphasizes
the "user attitudes and beliefs to predict the utilization
of information systems." The task-technology fit
research has explored the impact on performance that
results "when a technology provides features and
support that 'fit' the requirements of a task."
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An effort has been made to integrate the TAM and
TlF models since the theories underlying both models
have specific elements in common. These elements
are derived from the proposition that a person engages
in a behavior "because he or she has evaluated the
benefits of engaging in that behavior and expects a
certain result." [12] With high 'TF, expected benefits
should be more likely. Dishaw and Strong [12]
demonstrated that while TAM and JTTF both directly
affect utilization, TTF also "indirectly determines
Perceived Usefulness through the mediation of
Perceived Ease of Use."

Igbaria, Parasuraman and Baroudi [13] proposed a
motivational model of microcomputer usage which
consolidated theoretical frameworks from much of the
previous utilization literature. The model variables in
this study accounted for 28 percent of the variance on
usage. The researchers suggested other variables
which might help account for more variance; however,
the theme seen in this and other studies is that at the
level of attribute measurement which has prevailed in
the utilization research, the pool of predictive variables
is so large that measurement of all potential predictors
quickly becomes untenable.

MODEL

The model described in Figure 2 overviews the
interactions that determine specific levels of
information system utilization and can be described by
the following research questions and hypotheses
(uppercase letters in the figure represent effects
described in the hypotheses):

Figure 2: Utilization Prediction Model

Research Question 1: Does the magnitude of
utilization of an information system change
predictably according to changes in primary force
interactions?

I. As User-Satisfaction [User-System interaction]
and Organizational-Support [Organization-System
interaction] increase (A, B), utilization will
increase.

II. As Information-Need [User-Task interaction] and
Task-Technology Fit [System-Task interaction]
increase (D, E), User-Satisfaction [User-System
interaction] will increase.

III. As Organizational-Value [Task-Organization
interaction] and Task-Technology Fit [System-
Task interaction] increase (G, I), Organizational-
Support [Organization-System interaction] will
increase.

IV. Negative Job-Satisfaction (F) will reduce User-
Satisfaction [User-System interaction].

V. As Organizational-Value [Task-Organization
interaction] increases (H), Information Need
[User-Task interaction] will increase.

A feedback mechanism is also present in this model
(C). Generally this mechanism acts to magnify the
effects of the User-System interaction. Therefore, if
system satisfaction is low, indicating system
dissatisfaction, dissatisfaction will increase as
utilization increases. However, the magnification
effect is reduced with higher system satisfaction levels
and high utilization will tend to maintain these
satisfaction levels.

MEASUREMENT APPROACH

Application of this model within an information
centric organization, such as a health care facility,
can be accomplished through a multifaceted
structured measurement approach. In testing this
model, information systems scheduled for
implementation in the research environment should
be examined to determine inclusion for this research
according to the following criteria: 1) The system
should have a sufficiently large user population from
which to draw significant statistics. 2) The system
should provide for logging of user activities through
generation of automated audit files.

If multiple systems are examined, the total user
population of these systems should represent
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mutually exclusive subject pools of equal magnitude
randomly selected for study.

Automated system audit files can be analyzed to
determine utilization information for the investigated
systems. The examination of each of the variables in
the model can be accomplished through various survey
tools. Each model variable has been previously
measured as an independent construct through
different instruments. A combination of these tools
which has demonstrated sufficient reliability and
validity can be applied to describe the interactions in
the proposed model.

Based on the combination of audit file statistics and
self reported usage, a further research question of
interest can be examined:

Research Question 2: Can self-reported utilization
measures act as a proxyfor actual utilization
monitoring?

Related to this question, two hypotheses are proposed:

VI. Self-report is correlated with actual use of a
system.

VII. Correlations between self-reported utilization and
actual utilization will be higher for non-required
use systems than for required use systems.

The most robust approach for survey measures would
involve a Pre/Post protocol administration. The pre-
implementation survey would focus on model
variables in relationship to 1) General computer
utilization and 2) Current methodologies for
accomplishing the task that the planned system will
provide. For example, if the system to be implemented
is a patient education system designed to provide
education materials to care providers, then the pre-
implementation survey would focus on current
computer use in general and on the characteristics of
the process for current delivery/access of education
materials.

The post-implementation survey would serve to
provide a self report of system utilization as well as
allowing for reliability measures of selected pre-
implementation variables. Suggestions for potential
instruments to include in both surveys are detailed in
the following paragraphs.

All suggested survey questions were derived from
already existing instruments. Utilization measures

were taken from instruments designed by Igbaria and
fivari [5] and Torkzadeh and Dwyer. [14] include:

1) How frequently do you use a computer?
2) How much time do you spend on a computer

each day?
3) The extent of personal/direct interaction with

computers?
4) The extent of personal/direct interaction with

computers to produce reports for your
management?

5) The extent of personal/direct interaction with
computers to produce reports for persons
other than yourself or your management?

Each of these items can be posed in regard to general
computer use and in regard to specific system use in
both pre- and post- surveys.

The user-system interaction could be addressed
through the use of three different scales. Kernan and
Howard's Computer Anxiety scale [15] can be used to
determine the user's attitude toward computers in
general both before and after use of the application of
concern. System satisfaction can be measured through
the use of Doll and Torkzadeh's [16] 12-item scale
which has been examined repeatedly for both
reliability and validity. Finally, Davis' Perceived Ease
of Use measure as formulated by Montazemi,
Cameron and Gupta [15] and Keil, Beranek and
Konsynski [17] will can be included to provide
additional insight into the user-system relationship.

The user-task interaction represented by information
need could be addressed through Task-Time measures
adapted from Igbaria & Iivari.[5] such as:

1) How much time do you spend doing task
name (i.e. task examples) each week?

2) How frequently do you do doing task name
(i.e. task examples)?

Job satisfaction, the user-organization interaction
proxy, can be described using Hackman and Oldham's
1975 five-item Job Diagnostic Survey, General Job
Satisfaction scale.

The system-task interaction can be described using
scales which measure task technology fit (TTF),
general system success and perceived utility.
Specifically, Goodhue and Thompson's [11] 'TF
measure; Conrath and Sharma's [18] success
measures; and Davis' Perceived Utility measure as
formulated by Montazemi, Cameron and Gupta'5
could be included.
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Management support of the system, the measure of
system-organization interaction, can be elicited
through a 4-item scale developed by Igbaria and Tivari
[5] and a 4-item scale developed by Thompson,
Higgins and Howell.[19] Finally, the value of a task
or information can be described using adaptations of
Conrath and Sharma's [18] success measures.

Several different analysis methods can be used to
examine the data gathered in a study based on this
approach. Initially, descriptive statistics should be
compiled to facilitate a general description of both the
subjects and the data. Following this initial analysis a
correlational matrix of all independent variables could
be constructed to assist in further interpretation of the
data. The use of multiple regression, principal
components analysis and structured equation modeling
could comprise the remainder of the analysis.
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