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technology employed and is defined as the amount of control the user can
exercise in programming for problem solving, modification, adoption of
methodologies, or development of applications. One benefit in downsizing and
EUC focus is the added system flexibility (Alexander 1989).

Flexibility is limited by management policies. The more centralized
computing is in the organization, the more control the information center or
management will exercise in deciding system design, software, access methods,
and the mode of decision making (Mayo 1986, Rivard 1987). As management
control increases, user control decreases. This has serious implications
considering user satisfaction is positively related to the user‘s perceived
control over his or her computing environment (Clark 1986, Mayo 1986, Panko
1987, Rivard 1987, Saarinen et al. 1988, Robey and Zmud 1988).

An increase in the amount of training and the number of users trained
also leads to a more positive user experience (Nelson & Cheney 1987a 1987b,
Rivard 1987, Cougar 1987, McGovern 1988, Saarinen et al. 1988). The number of
users that can be trained is a function of the dollars management dedicates to
the training budget. The amount of training is modified by individual
learning differences, user expectations about computers, retraining needs, and
a general increase in the support staff that may be required (Karaten 1987).
The number of users trained contributes to an aggregate measure of user
abilities. The more users trained in application development and use, the
higher the level of user ability in the organization.

The more applications an end-user works with and the number of times
each application is used enhances the user’s experience. Saarinen et al.
(1988) demonstrated a positive relationship between user experience and the
level of end-user computing applications in their exploration of critical
issues in EUC. The correlation between a user’s experience and his or her
learning curve is positively and directly related.

A study of personal computer users in twelve organizations found that
users with stronger backgrounds in computers, use personal computers to a
greater extent than do users with weaker computer backgrounds (Lee 1986).
Henderson and Treacy (1986) report that background and experience of end users
result in differing levels of user abilities, which in turn require different
levels and types of user support. Information system personnel spent fifteen
percent more time on hardware support from 1987 to 1988 and twenty-five
percent less time on formal end-user training (McGovern 1988). A survey on
microcomputer support revealed that staffing levels for microcomputer support
personnel lags behind growth in the installed base of corporate and
institutional microcomputers. In 1986 there were 15.5 support people per
1,000 workers. In 1987 that ratio was 13.5 support people per 1,000 workers,
dropping to 12.9 in 1988 (Stromer 1988).

Most end-users can not achieve a desirable level of proficiency in
application development if left strictly on their own. In organizations with
an information resource center, the center must offer not only hardware and
software, but must provide expert and sympathetic technical assistance. A
field study of personal computing in 173 corporations demonstrated that the
greater the control over acquisition matters exercised by the information
center, the greater the level of user support provided. The support appeared
to be more readily extended by the information center when they have a clear
say in personal computer acquisitions (Guimaraes and Ramanujam 1986). This is
in keeping with the view that the role of the information center is evolving
into a support function for end-user development of applications (Rivard 1987,
Cougar 1987, Bridges 1988, Scheier 1988).
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An increase in user support will lead to an increase in user abilities
(Cougar 1986, Guimanaes and Ramanujam 1986, Henderson and Treacy 1986, Lee
1986, Leitheiser and Wetherbe 1986a 1986b, Sumner 1986, Nelson and Cheney
1987a 1987b, Sumner and Klepper 1987, White and Christy 1987, Robey and Zmud
1988, and Evans 1989). Guimaraes and Ramanujam (1986) found that managers
identified the lack of user education as the most critical personal computer
problem. Sumner (1986) also found user support to be particularly critical.

User ability, therefore, is a function of previous ability and current
changes in ability. Here it is considered an aggregate measure for the entire
organization. User training, support, experience, and system flexibility are
all taken into consideration as they affect the users’ rate of change. The
users’ confidence and attitude about their ability has a direct effect on
their perceptions of end-user computing (Mayo 1986).

User abilities in application development are affected by the amount of
user support the end-user receives if needed, training, experience in
developing and using applications, and the flexibility of the system. Each
factor is derived from management support. As management support is withdrawn
there is little change in user abilities. User experience may continue to
increase, but the other components of user abilities will eventually cease.
Management support becomes critical as user experience is enhanced by training
and documentation (Mayo 1986, Rivard 1987) skills which lead to quality
application development.

PARAMETRIC MODEL

Based on the causal model presented, a working computer simulation model
was built using Stella to produce the diagram shown, Figure 2. However, the
model was programmed in Professional Dynamo Plus in order to take advantage of
the flexibility and power provided by the simulation language as well as the
extremely fast processing time afforded by the hardware configurations
available.

In accordance with the guidelines suggested by Richardson and Pugh
(1981), suitability tests for model structure, including structure
verification, parameter verification, extreme conditions, boundary adequacy,
and dimensional consistency, were performed during the model development
process. Suitability tests for model behavior included both parameter and
structural sensitivity experiments.

Consistency tests for model structure, including face validity and
parameter values, and model behavior, including boundary adequacy tests
focusing on behavior, also were performed. In addition, the appropriateness
of the structure for the audience was assessed, considering model size, degree
of complexity, and level of aggregation of detail. Necessary adjustments were
made and the final structure was compared to the theory derived from the
literature review. The behavior of the model appears adequate given its
purpose to offer an explanation of EUC growth and to provide a structure for
policy analysis in this area.
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Figure 2. EUC Growth and Management Flow Diagram
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EUCACH End-User Computing Application Change
EUCADR End~User Computing Applicaation Development Rate
Eucnc End-User Computing Development Capacity
BUCDCCR End-User Computing Development Capacity Change Rate
FOUM Frequency of Use Modifer
HID_CST Hidden Costs
LEUCA Lavel of End-User Computing Applications
LEUCB Level of End-User Computing Benefits
LEUCBCR Level of End-User Computing Benefits Change Rate
MC Management Control
MOFY Management Discretionary Pactor for Technology
MDPTR Managesent Discretionary Pactor for Training
MDrus Management Discretionary Factor for User Support
] Nanagesent Support
MSCR Management Support Change Rate
NAR Number of Applications Requested
NOUM Number of Users Modifier
PRUCB Perceived End-User Computing Benefits
pEUCEP Perceived End-User Computing Benefits Factor
PEUCD Perceived End-User Computing Delay
PUSP Perceived Management Support Factor
PTC Perceived Task Complexity
QA Quality Assurance
QACY Quality Assurance Conversion Pactor
Qcr Quaiity Conversion Pactor
SXrLex Systes Flexibility
SXFLRXY System Flexibility Factor
TAB Total Application Backlog
TABP Total Application Backlog Factor
T Total Cost
TCcCr Total Cost Conversion Factor
TEC_AVL Technology Available
TEC_BUDG Technology Budget
TEC_PRIC Technology Price
UE . User Experience T Technology Investment
UIIAD User Involvement In Application Developmsent TIr Technology Investment Factor
UIIADCR - User Involvement In Application Developmant Change Rate .rp Technology Investmant Rate
UIIADP User Involvement In Application Development Factor TRN BUDG Training Budget
Us_BUDG User Support Budget uA User Abilities
uscT User Support Conversion Table UAP User Abilities Pactor
uter User Training Conversion Table UDCR User Dissatisfaction Change Rate
WAC Weighted Application Contribution UDWADC User Dismatisfaction with Application Development Capacity
WACP Weighted Application Contribution Factor UDWADCP User Dissatisfaction With Application Development Capacity Factor

management support.

The benefits derived from end-user computing, shown in Figure 3,
increase as user‘s develop more applications, provided a steady infusion of

The total costs associated with end-user computing

increase proportionately to benefits. This relationship is reflected in the
steady rise in user abilities, where the monetary investment is converted into
a value added resource.

The next step in

organization to examine

1. What level of
2. What level of

assurance yet allow for

3. How sensitive

the research is to calibrate the model to a specific
the following decision and policy issues:

investment yields an acceptable level of benefits?
management control is optimal to insure quality
system flexibility?

is user involvement (and their perception of

management support) in the application development process?

4. Which factor (

number of users, frequency of use, complexity, or

criticality) contributes most to application usefulness, and does this vary by
organization?

The model also will be extended to consider variations in employment of
different levels of technology to user computing experience.
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Figure 3. Output Examples
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CONCLUSION

Potential benefits of end-user computing include increased individual
performance, increased learning about the job and new approaches to tasks,
improved competitive advantage from the definition of new product/market
opportunities, and the improvement of internal organizational effectiveness
by providing important information to management (Gerrity and Rockart, 1986).
Factors contributing to end user computing present a complex.model, however,
the potential advantages to be gained warrant their examination in order to
gain insight into how to reap the benefits of end-user computing while
minimizing potential risks and disadvantages. In this article we have
presented a theory of end-user computing growth and management in
organizations which is based on an extensive review of the empirical and
conceptual literature available.
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