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A SURVEY OF METHODS FOR IMPROVING
OPERATOR ACCEPTANCE OF COMPUTERIZED AIDS

P. R. Frey and R. A. Kisner

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

HIGHLIGHTS

The success of current attempts to improve the operational perform-
ance and safety of nuclear power plants by installing computerized opera-
tional aids in the control rooms is dependent, in part, on the operator's
attitude toward the aid. Utility experience with process computer sys-—
tems indicates that problems may already exist with operator acceptance
of computerized aids. The growth of the role that computers have in
nuclear power plants makes user acceptance of computer technology an
important issue for the nuclear industry. The purpose of this report is
to draw from the literature factors related to user acceptance of comput-
erized equipment that may also be applicable to the acceptance of comput-
erized aids used in the nuclear power plaant control room.

A review of the available literature revealed about seventy papers
that deal with acceptance problems in computerized systems. Two attempts
to define and measure the characteristics of a user-acceptable system in
nonnuclear industries form a basis for future work on this subject in the
nuclear industry. Operator acceptance of computerized aids can be
influenced during design, operator training and system operation. Design
methods for improving acceptance include allowing the user to participate
in the design process, considering acceptance principles in the alloca-
tion of functions between the man and machine, minimizing the length and
variation of the system response times, tailoring the dialogue to the
task and nser, integrating the system into the control room and providing
usable system documentation. During operator training, acceptance
considerations include providing adequate detail on the purposes and
limitations of the system, ensuring that the training situations
approximate the expected operational situations and providing training
for subsequent generations of operators. The primary acceptance
considerations during operation are system availability and system
calibration.

Although these general principles and guidelines can be used to
improve operator acceptance of computerized aids, additional research is
required to more accurately define the characteristics of a user-
acceptable system for nuclear power plant operators. The survey methods
and data reviewed in this report provide a basis for that research.



INTRODUCTION

The success of current attempts to improve the operational perform-
ance and safety of nuclear power plants by installing computerized opera-
tional aids in the control rooms is dependent, in part, on the operator's
attitude toward the aids. Methods for producing positive user attitudes
toward innovations have been well researched by the military and the data
processing industry. The purpose of this report is to draw from the
literature factors related to user acceptance of computerized equipment
that may also be applicable to the acceptance of computerized aids used
in the nuclear power plant control room.

Utility experience with process computer systems indicates that
operator acceptance problems may already exist. A survey made in 1977
for the Electric Power Research Institute (EPRI) showed that only 17% of
the process computer systems in fossil and nuclear power plants had a
good performance rating; 50%, a fair rating; and 337, a poor rating.1
One of the problems most often cited in the survey was inadequacies in
the man-machine interface.

The application of human. factors engineering to computer systems
began as early as 1960 and has expanded to the point that a recently
compiled bibliography of the literature on human factors in computer
systems required a review of more than 4000 documents.?>3 Although a
large volume of research has been performed in this area, many computer
systems that fail to meet their performance requirements do so because
the design of the man-computer interface is inadequate,

Both regulatory requirements and industry advancements have broad-
ened the role of computers in nuclear power plant operations. Although
the U.S. Nuclear Regulatory Commission (NRC) functional criteria for the
Emergency Response Facilities® do not require the use of computer tech-
nology, many of the functions can be implemented economically and
reliably using computer systems. The industry has also developed new
roles for computers in advanced control rooms and operational aids such
as disturbance analysis systems and alarm filtering systems.

The growth of the role of computers in nuclear power plant control
rooms makes user acceptance of computer technology an important issue.
Because user acceptance of the system affects man-machine performance, it
is a valid criterion for selection among otherwise equal alternatives in
which the basic performance and design objectives have been met,.

A review of the available literature revealed about 70 papers that
deal with acceptance problems related to computerized systems. These
papers describe a diversity of applications, such as management informa-
tion and decision aids, medical diagnosis aids, aviation and aerospace
systems, military decision aids, data processing systems, as well as

The Techuical Support Center, the Opcrational Support Center,
the Emergency Operations Facility, the Safety Parameter Display System,
and the Nuclear Data Link.



chemical and mechanical process control systems. Much of the work that

has been done in user acceptance has not been generic in nature but

rather has been applied to specific items of equipment.*”® While the i
types of personnel and environment involved in these studies (e.g., mili-
tary and aviation applications) prevent direct application of the results
to the nuclear industry, general principles may be derived from this
work.

This report presents the results of these studies and discusses them
in the context of the nuclear power plant control room. The first sec-
tion of the report discusses the implications of user acceptance of aids.
The second section reviews results of attempts to develop criteria for
user—acceptable systems. The final section summarizes some-of the prac-
tical methods to enhance the operator's acceptance of computerized aids,

IMPLICATIONS OF ACCEPTANCE

The results of the rejection of a computerized aid may be a loss of
investment in the development of the aid, loss of potential capability
provided by the aid, or reduction of performance of the man-machine sys-
tem. Suppliers, owners, and regulators of operational aids all have
interests that will be affected by rejection of the aid (i.e., sales,
profits, and public safety).

Also of interest, but not the major concern in this work, is the
excessive acceptance of a computerized aid. 'Overreliance" is a better
term than "acceptance" in this context. The use of humans as monitors of v
automatic systems is almost universally practiced (the exceptions being
systems with a low consequence of failure and systems in remote or
hazardous locations). If a human is to monitor a system's performance
effectively, he must have an internal model of the system for comparison
(i.e., an understanding of the system's functions and expected res—
ponses). Such a model is constructed, at least in part, from interaction
with the system. Overreliance on a system is characterized by an
improper or overly optimistic internal model of the system, resulting in
misapplication of the system or failure to adequately moniter or verify
the system, In a series of experiments on the use of partially accurate
data obtained from a computer aid, users were unable to reliably detect
random errors in the system's output./ Although the effects of extended
experience with the aid were not evaluated, the conclusions indicate that
uncritical acceptance or overreliance should bhe a cancern, especially for
high-reliability systems with "soft" (undetected) failure modes.

Research on methods for maintaining a user's critical assessment of
a computerized aid is lacking. While overreliance is not the subject of
this report, it will need study as systems become more reliable and
accepted, particularly as the consequences of soft failures increase.



MEASURES OF ACCEPTANCE

Because operator acceptance of computerized aids necessarily
involves human attitudes and behavior, it is difficult to define or meas-
ure. Man-machine system performance is easier to define and measure
(e.g., the time required to accomplish a task or the number of errors
committed in performing a task), but performance is not always indicative
of acceptance, although the two are related. For example, a study of the
effects of "lockout" on computer—aided problem solving indicated that
when a problem solver was not allowed access to the computer for 5 min
after the presentation of the results, the performance was improved (bet-
ter solutions, less computer time, less total working time).® The delay
induced the user to concentrate more on the problem to be solved and less
on the tactics being developed to solve it. However, even though it
improved performance, this lockout decreased user satisfaction and
acceptance.

Utilization of the aid is another indicator of acceptance. However,
if the user cannot accomplish the task without using the aid (e.g., data
.entry into a data base management system) or if the alternative to using
the aid creates an unacceptable burden on the user, the user is forced to
use the aid in spite of its 'unacceptability." Therefore, utilization is
a good indicator of acceptance only if the task can be performed using
other resources.

Another way to measure acceptance is by survey of the users of the
aid. Although this is commonly used for post-mortem purposes (i.e., to
determine the reasons for nonacceptance), it might be used prior to the
development of an aid to determine the characteristics of an aid that the
user perceives as acceptable. A survey of the users of a decision aid
proposed for the U.S. Navy is an example.9 The design criteria, listed
in order of priority as indicated by the responses of 200 officers and
enlisted personnel, are as follows:

1. Ease with which the information output can be assimilated and
interpreted;

2. Speed of operation, ease with which desired items of information
output can be called up;

3. Ease with which the input data needed for using the information aid
can be obtained and entered;

4. Reliability, freedom from maintenance problems, short mean time to
repair;

5. Compatibility with existing systems, absence of interference with
other system functions, stand alone, ease of installation;

6. Minimum of interference with execution of assigned responsibilities,
override capability;



7. Limited operational training required, needed training locally
available; '

8. Freedom from extensive software support, needed support readily
availlable;

9. Limited maintenance training required, needed training locally
available.

Although such a list indicates an orderiang of some of the broad require-'
ments in a system's development, a more detailed breakdown is necessary
for a quantitative or comparative analysis. :

Anather example is a survey nf data processing profeccionals in
Gérmany that was conducted to determine a measure of the user-perceived
quality of a computer system.10 First, 300 experienced users of inter-
active systems were asked to state system properties which influenced
their perception of the quality of a system. Subsequently, 233 users
graded the importance of 100 system requirements to user-perceived
quality. Finally, the authors of that study extracted seven independent
factors that the users rated as desirable. These factors and some of the
applicable system requirements (listed in order of desirability) are as
follows:

1. Self-descriptive

@ explain system requests to the user if and when necessary,

© supply explanations in different detail and different format
upon user request,

@ suppiy help features pertinent to any dialogue situation,

© explain each command and subcommand upon user request,

© give a clearly arfanged presentation of system functions,

@ give decision aids if tasks cannot be executed as desired,

® provide user guidance for the dialogue by prompting,

© supply information about the current system status if desired.

2. Under user control

© allow interruptions of a task to start or resume another task,
© allow canceling of processes without detrimental side effects,

@ allow canceling of dialogue steps,



be permanently available,

o

immediately detect syntax errors.

Easy to learn

facilitate the learning of system use without requiring the user to
consult manuals,

be usable without special data processing knowledge,

make few assumptions about user's prior knowledge of system struc-
tures and functions,

support user input by menu techniques.
Trénsparent

obviate, as far as possible, the need for the user to perform
clerical or housekeeping activities,

manage formatting, addressing, and memory organization without
bothering the user,

make system-level decisions without consulting the user,

accept free-formatted command input,

have a command language easy to understand, apply, and remember,
have a command language that is.homogeneoﬁs in syntax,

make repetitive or routine input unnecessary.

Corresponds with user expectations

behave similarly in similar situations,

let the user recognize effects of his input,

be tolerant toward erroneous user input,

provide the same response times to equal activities.

Adaptable to user experience level

allow user to extend the command language,

provide system messages with different levels of detail dependent on
user experience level,

provide shorter ways for the trained user to perform his
tasks,



© permit user to define a user experience level,
© permit clustering of commands with a new name.

7. Fault tolerant

© insist only on partial retyping if previous input was erroneous,
© tolerate typical typing errors,

© give error messages with correction hints,

© ecnable user to submit concatenated commands as input,

® give error messages 1n tull text.

These characteristics can be used as a starting point for a quanti-
tative definition for comparative analysis of the user-perceived quality
of a computer system. Weighting factors for each of these requirements
and a methodology for measuring the extent to which a proposed system
meets the requirements are yet to be developed.

Although this study is a starting point for the development of a
procedure for predicting acceptance of computer-based aids in nuclear
power plant control rooms, at least two concerns should be addressed.
(1) Since this survey was conducted on a sample of data processing pro-
fessionals, a similar survey should be conducted on nuclear power plant
operators. The results would show some changes in the priorities and
some additions to or deletions from the list. (2) Because the list is
task-independent, the hardware portion of the man-machine interface 1is
not covered, Traditional human factors sources can be used to evaluate
certain aspects of the hardware portion of the man-machine interface
(anthropometry, visual acuity, etc.). However, little quantitative work
has been performed to study user acceptance of displays and input-output
(1/0) devices, and the work that has been performed is task or system-
specific. Because of the strong relationship between the task and the
hardware interface, it may not be possible to develop meaningful measures
of acceptance of the hardware interface. However, general guidelines do
exist; some of these will be discussed later in this report.

FACTORS THAT INFLUENCE AGCCEPTANCE

User acceptance of computerized aids can be influenced by decisions
made during all stages of system development and implementation. This
section describes some factors that affect user acceptance, covering the
major points reported in the literature. For the many system character-
istics and design decisions not mentioned here, traditional human factors
engineering offers the best first approximation to a-user—~acceptable
design. This is true, in particular, for task-dependent characteristics,

such as the choice of I/0 devices and display formats, 11,12



The influencing factors are divided into three categories: design,
training, and operation.

Design

User participation

User participation in the design process is a valid method for-
enhancing operator acceptance of new technologies."s>9,13,1% ywhen
the user participates in the various stages of system development from
concept through detailed design, he brings a unique perspective based on
his job characteristics (e.g., information load, situation complexity,
preferred practice, time demands, and operational constraints). However,
user—preference information by itself is not necessarily the best basis
for improving overall system performance and should be supplemented by
other, more objective data. User (or user community) participation in
the design process helps the designer and the user focus their attention
on the real operational problems and helps the user understand the
rationale for the final design, in which the designer may have neces-

~sarily compromised user preferences.

Allocation of functions

The allocation of functions is the process of assigning system func-
tions to the man and the machine. These assignment decisions determine
the characteristics of the user's role, and they affect personnel selec-
tion and training. As currently practiced, these decisions are made
unconsciously more often than consciously.

Since a man-machine system is designed to accomplish some overall
goal, there are many constraints that guide the allocation process. The
goal itself may dictate allocation of a specific function to a machine
hecanse its speed, accyracy, precision or other capabilities exceed those
of the man. On the other hand, the goal may dictate allocation of other
functions to the man because his cognitive abilities, flexibility, or
other capabilities exceed those of the machine. Other constraints such
as reliability and cost also influence the allocation of functions.

The functions that remain after the initial allocation process are
the basis for the subsequent determination of an acceptable role for the
user. Many lists of the relative capabilities of men and machines have
been compiled for this purpose,!® and from these lists, guidelines have
been derived to serve as a basis for the allocation of functioans. For
example, (1) it is generally acceptable to have a machine perform contin-
nous servo tasks and frequent, repetitive tasks, but not high-level
supervision, overall system monitoring, and decision making; (2) the
user's role should allow the use of skills that are important to him and
should provide flexibility in the manner of accomplishing his tasks; (3)
the user's responsihilities should be in accordance with his authority.®
However, these guidelines are difficult to apply.



Additional work is needed to define criteria that are more useful
than these guidelines. 1In a related study on the allocation of func-
tions, Price, Maisano and Van Cott included the evaluation of operator i
acceptance as one step in the allocation process.16 Follow-on work,
which consists of developing and applying criteria for their allocation
process, should provide acceptance guidelines that can be applied to
computerized aids.

System response time

Concentration, which is essential to problem solving, requires con-
tinuity of thought. A computerized aid should allow a user this con-
tinuity of thought by responding to commands within an acceptable period
of time. This characteristic allows the user to concentrate on the prob-
lem at hand rather than being preoccupied with the mechanics of using the
aid.

There are two design goals with respect to system response time:
(1) minimize its magnitude and (2) minimize its variability.

Response time magnitude. System response time is defined as the
time lapse between the termination of a request by the user and the com-
pletion of the system's response to that request. All systems have a set
of response times that range from very short (e.g., the system echo of a
keystroke) to very long (e.g., the execution of complex algorithms or
simulations). The duration of a system's response time has a strong v
effect on user acceptance.

Acceptance seems to possess a threshold-like relationship with sys-—
tem response time. TFor example, a system whose response time for key-
stroke echo is 10 s would not be more acceptable than one whose response
time is 1 min. Both are too long because the threshold for this activity
is about 0.1 s. These thresholds in response times occur because of the
demands placed on the user's short-term memory by delayed response and
the user's desire to quickly attain '"closure."

Engel and Granda list two tables of suggested response times for
interactive systems (Tables 1 and 2).!l! A simpler breakdown of response
times is shown in Table 3.!8 The acceptance of a system may also be non-
monotonic with respect to system response time. That is, there is an
optimum response time range for a given function, and faster or slower
response times may result in degraded acceptance;19 however, research in
the area of excessive response speed is too sparse to draw any
coanclusions.



Table 1. System response times as a function of system
recognized activity11
Maximum
Acceptable
System Response
Interpretation Response Time Definition Time (s)
Key Response Key depression until positive response; 0.1
for example, '"click"
Key Print Key depression until appearance of 0.2
character
Page Turn End of request until first few lines 1.0
are visible
Page Scan End of request until text begins to 0.5
scroll
XY Entry From selection of field until visual 0.2
verification
Function Selection  From selection of command until response 2.0
Pointing From input of point to display of point 0.2
Local Update Change to image using local data base; 0.5
for example, new menu list from display
buffer
Host Update Change where data is at host in readily 2.0
accessible form; for example, a scale
change of existing image
File Update Image update requires an access ko a 10.0
host file
Simple Inquiry From command until display of a commenly 2.0
used message
Complex Inquiry Response message requires seldom used 5.0-
calculations in graphic form 10,0
Error Feedback From entry of input until error message 2.0

appears
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Table 2. System response times as a function of user activityll,17
) Maximum
Response
User Activity Time (s)
Control Activation (for example, keyboard entry) 0.1
- System Activation (system initialization) 3
Request For Given Service:
Simple 2
Complex 3
Leading and Restart 15-60
Error Feedback (following .completion of input) 2-4
Response té ID 2
Information on Next Procedure <5
Response to Simple Inquiry from List 2
Response to Simple Status Inquiry 2
Response to Complex Inquiry in Table Form 2-4
Request For Next Page 0.5-1
Response to "Execute Problem" <15
Light-Pen Entries 1
Response to Complex Inquiry in Graphic Form 2-10
Response to Graphic Manipulation 2
Response to User Interventiqn in Automatic Process 4

F
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Table 3. Suggested system response times!l8

Lexical Reflexive actions 50 ms
Syntactic  Semi-conscious actions 500 ms - 4 s

Semantic Conscious actions tens of seconds

Response time variability. Another aspect of system response time
that affects acceptance is the variability of system response times for a
given function. In an experiment involving a message retrieval task, a
system with a highly variable response time caused a significant decrease
in both user performance and user acceptance. 20 Although it appears that
no quantitative work has been done to study system response variability,
some associated data are available from studies in experimental
psychology.21 In these studies, subjects were asked to estimate whether
the time interval between successive auditory stimuli was the same as,
shorter, or longer than a reference time interval. The results are sum-—
marized in Table 4. As expected, the variation of the estimates
increased as the time interval became longer. Unlike the operators of a
complex process, these subjects devoted their full attention to the task
of detecting the intervals; therefore, one would expect that larger vari-
ations would not be detected by a user processing information from more
than one source. So the data in Table &4 provide a lower limit of the
detectable variation of reponse time intervals. Additional work is
required to determine an upper limit of the detectable variation of
response time (probably as a function of mental work load caused by aux-
iliary tasks).

Dialogue

‘Dialogue, defined as two-way man-computer conversation, has a great
deal tn dn with user acceptance of the system. The term applies to man-
computer systems in the sense that the user and the programmer, via the
computer, communicate with each other for the purpose of solving a prob-
lem or performing an action. Some of the more important characteristics
of man-computer dialogue are initiative, flexibility, complexity, power,
and information load. Each of these will be discussed from the viewpoint
of user acceptance.

Dialogue initiative. Dialogue initiative is concerned with whether
the user or the computer initiates the individual information trans-
actions within the dialogue. If the computer asks questions, presents
alternatives, etc., and the user responds, the dialogue is said to be
computer—~initiated. If the user inputs commands without such computer
prompting, the dialogue is said to be user-initiated. Variable initia-
tive dialogues allow the user (or occasionally the system) to select
either user- or computer-initiated dialogue.
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Table 4. Perceptible variation in time invervals?l

-

Time Undetected
Interval(s) Variation
0.6-0.8 +5%
2-4 *8%
6-30 *10% to +15%

The selection of an acceptable dialogue mode should be based on the
type of task and the experience level of the user.12 TFor task initiation
and associated high level commands, the user-initiated dialogue is favor-
able, but for highly structured situations, such as well-defined
sequences of steps, the computer should relieve the user of the necessity
of remembering the sequence by using computer—initiated dialogue. Addi-
tionally, inexperienced users prefer and perform better with computer
initiated dialogue22 because a large knowledge base 1s required with
user—initiated dialogue to determine which of the available commands will
accomplish the intended action. The selection of user-initiated dialogue
for inexperienced users has been a major factor in the rejection of many
systems.l!? However, as users gain experience, their preference shifts to ¥
user—initiated dialogue. This shift makes the variable-initiative dia-
logue attractive because it allows the user to select the appropriate
mode of dialogue based on preferences, needs, and circumstances. A more v
commonly used alternative to variable initiative dialogue is thorough
familiarity with the system, along with frequent, routine use of the
system.

Dialogue flexibility. Dialogue flexibility enables a user to accom-
plish a given function in a number of ways. High flexibility can be
achieved by providing a large number of commands or by allowing the user
to define or redefine commands.Z A high degree of flexihiliry is desir-
able for experienced users. Inexperienced users tend to adopt a less
flexible subset of the available command language for use. Although this
does not seem to affect user acceptance (provided an adequately powerful
command subset can be adopted), it does tend to waste resources and, in
some cases, increases the user's error rate.?3

Dialogue complexity. Dialogue complexity refers to the number of
options available to the user at a given point in the dialogue. Low
complexity can be achieved by using few commands or by partitioning the
commands so that the user selects from a small number of options at any
given time.l!2? No results that relate command language complexity >
directly to user acceptance were found. Results of experiments indicate
that medium complexity (12 options) yields more interaction and variety
of command usage than high complexity (21 options) or low complexity
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(3) options), but performance results were not consistent.2“ 1In another

study on the relative balance of commands (functions) and arguments (var-
iables), a command language with few commands and mang arguments was more
useful than one with many commands and few arguments.2® The capacity of
short—-term memory may not be the limiting factor in command language
complexity, and the "magical number seven plus or minus two"2® should not
be applied uncritically.1?

Dialogue power. Dialogue power is the amount of work accomplished
by the system in response to a single user command. A high degree of
power in an interactive language is usually accompanied by either high
complexity or restricted generality.12 For example, a highly complex
dynamic simulation might require that a large number of initial condi-
tions and independent parameters be entered as arguments, resulting in a
general-purpose simulator. Another implementation may relieve the user
of the task of entering the initial conditions by assuming some default
conditions, resulting in a less generalized simulator for use only under
certain conditions. Either implementation in the wrong context will
decrease user acceptance.?2’

Dialogue information load. Dialogue information load is a measure
of the degree to which the interaction absorbs the memory and/or proc-
cessing resources of the user. 12 Specifying a desirable information load
is difficult because the use of cognitive processing resources becomes
more efficient as the user gains experience. Both excessive and inade-
quate information loads can adversely affect user performance and accept-
ance. Several suggestions for reducing information load follow:12

1. Use display devices with higher channel capacity (e.g., graphics).

2. Perform dynamic reformatting of displays to match immediate user
requirements.

3. Provide commands of appropriate power for immediate user
requirements.

4. Use appropriate command complexity.28
5. Move clerical operations within the system.
6. Use default values.

7. Preprocess information to relieve the user of information intergra-
tion tasks.

Guidelines. Many guidelines exist for the design of man-computer

o II,I ’ - s
dialogues. 2, 2931 Although most of these do not specifically

address user acceptance, a designer who uses these guidelines will profit
by avoiding many previously experienced pitfalls. These represent a
large body of knowledge which is not practical to condense here.
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As an example of some specific guidelines, this survey of the users

of a NASA tracking system illustrates several concerns in the user accep-

tance of man-computer dialogue:

1.

10.

11,

12,

13.

14,

15.

16.

22

Commands should be standardized; similar functions in different
systems should have the same names and formats.

Commands should be approximately three characters in length.

The number of arguments in a command should be kept to four or
less.

The delimiter between command arguments should be one that is easy
to type rather than one that is more descriptive but harder to
type. For example, a space is preferred for the delimiter rather
than a comma (,), slash (/), or equal (=), which require more
typing effort,

Frequently used commands should be simple; less frequently used
commands should be more descriptive.

Error and status messages should be descriptive and explanatory at
the expense of being long.

Frequent messages should be abbreviated and short at the expense of
descriptiveness.

Error messages that have no possible operator response should not be
displayed to the operator; they should be logged separately if they

are important for maintenance activities.

Coded error messages should be avoided.

Audio alarms should be used sparingly and only for critical and

unexpected conditions.
Display blinking should be used for only the most critical faults.

All attention-getting devices should be capable of being turned off
after they have obtained the operator's attention.

A single-page, quick-reference document on command format and usage
should be available to the operator.

The operator's work station should be designed so that access to the
documentation is rapid and convenient; this primarily means counter
space and storage space within the operator's reach.

Frequently used programs, such as operations programs, should be
designed to be easy to use.

Infrequently used programs, such as support or utility programs,
should be designed to be easy to learn.
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The users in this survey were interested in a dialogue that is
adapted to the operating environment. However, the guidelines proposed
by these users will vary from one user population to another. System
designers should use these guidelines as a starting point for the devel-
opment of a dialogue acceptable for their specific user population.

System integration

Integration of the aid into the control room contributes to the
acceptance of the system. Much can be done in the design of the aid and
operator training to help achieve integration. Some examples are (1) the
design of the displays for viewing by operators from various positions. in
the control room, (2) the use of colors, symbols and abbreviations in the
design of the displays that is consistent with other usage in the control
room, and (3) revisions to operating and maintenance training, proce-
dures, and practices to ensure that the personnel know how and when the
aid should be used.®

Some control room modification may be necessary to achieve succcess-—
ful integration. The extent of the modification will depend on the func-
tions of the aid, the activities of the primary user, and the layout of
other controls and instruments. Because of the diversity of control room
layouts, a customizing approach should be used in the design of an aid to
ensure adequate integration in the control room. For example, the posi-
tion of the aid's I/0 devices in the control room should be considered in
(1) the choice of I/0 devices (resolution, font, viewing angle, size);
(2) the choice of data presentation formats; and (3) the choice of dia-
logue type (computer-initiated, user—initiated).

Documentation

Adequate documentation, both for the user and the maintainer, is
necessary for successful system operation and acceptance. The EPRI
study! indicates that system documentation had been both untimely and
inadequate. Full, correct, up-to-date documentation should be available
to both users and maintainers prior to system startup and during opera-
tion. Some of the characteristics of documentation that users indicate
as desirable but frequently lacking are“s®

1. Explanation of the "how and why'" of system functions,

2. Organization for '"real-world" usage (implies an understanding of
how the documentation will be used),

3. Suitability for both normal and error conditions (provide the
user with a quick reference for corrective procedures).
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Training

Training is one of the most important factors in user acceptance of
systems,“»6 but it frequently does not receive the attention it
deserves because of contractual difficulties with the system supplier,
schedule delays, and other compromises. For example, the EPRI survey
indicates that most plant engineers and chief operators thought that
training was inadequate.!

As indicated earlier, the user should participate early in the sys-
tem design process. Experience has shown that acceptance suffers as
a result of a management policy of involving users for the first time
during training.!3

Content

Training should take into account the background and experience of
the users. For example, older users or users unfamiliar with the new
technology generally take longer to adjust to innovations and need dif-
ferent types of introductory information.32 A rapid training pace or the
omission of background material will hinder initial acceptance, degrade
performance, and may also lead to long-term rejection.

&n addition to the usual manipulative and interpretive details,
training should also include the purposes, limitations, design assump-
tions, and restrictions of system operation. For example, the rejection
of a new naval target-classification aid was attributed to users who were
not trained to understand its purpose and operation. Consequently, they
failed to fully accept the aid and developed biases against it. These
biases led to improper maintenance practices, which further reduced oper-
ating effectiveness and strengthened their biases.® Study of the aid's
purpose and limitations is necessary for the operator to uanderstand how
the aid affects his role in the operation of the plant. This is impor-
tant to ensure acceptance of decision aids, such as the Disturbance
Analysis and Surveillance System (DASS), which may be installed in exist-
ing control rooms for use by experienced plant operators.

Military experience has suggested that to gain acceptance of deci-
sion aids, users must be taught to understand the aid's internal proc-
esses. Hanes and Gebhard concluded that users of a decision aid want to
know with a high degree of certainty what the system hardware and soft-
ware are doing and to have a high degree of control over the procedure
adopted by the aid before they will comfortably accept the computer's
recommendations.33 In Mackie's study,” many users of a decision aid
expressed their need to fully understand how that system's software is
designed and functions so that they could decide for themselves the mean-
ing and limitations of the output information. Experienced users
expressed concern that naive users might uncritically accept the system's
output, and they concluded that users should know what factors were and
were not considered by the designer. In discussing a simpler experiment,
Shaffer3" stated that a user can sucessfully monitor a decision-making



17

computer only if he understands the logic used by the computer. Several
other sources state similar conclusions?8,35,36  All of these exam-
ples make more credible the argument that the internal processes of aids
that supplement the user's cognitive processes must be understood by the
user to ensure acceptance and effective system monitoring. This is an
area that is in need of additional research, with particular application
to the process control operator.

Environment

Because training is usually (regrettably) the user's first exposure
to the equipment, the training should be carefully planned so that the
user's first impressions will be favorable. Although it is not necessary
to delay training until the entire system is working, the portion of the
system to be used in training should be thoroughly pretested.

The system output received by the user during training should resem-
ble the output the user will receive in the field. One reason for the
rejection of the naval target-classification aid was that the quality of
system data in the field was poor, compared with the data from the system
during training.6

Subsequent generations

Most systems will have a lifetime sufficiently long enough to
require training of new users long after the system has been installed.
Because of the limited nature of these systems, it is unlikely that a
training staff and equipment will be available from the original system
supplier after the initial users are trained. To ensure system accept-—
ance by these new usérs, adequate training will be required. The data
processing industry is experimenting with self-tutorial systems that
provide instruction on the use of the system along with examples and
exercises.!? This embedded training can be used to ensure adequate
training for a system with a long life cycle.

Operation

The operational phase has more potential for maintaining or degrad-
ing the acceptance level than any other phase of system development. A
system must be reliable to be accepted. At least two aspects of relia-
bility are known to affect acceptance: availability of the system37 and
quality of system output.“>® These aspects are the responsibility of
both the designer and the maintainer. Availability depends on mean time
to failure and mean time to repair; system quality depends on periodic
maintenance and calibration. No quantitative results on acceptable tol-
erances for these reliability measures were found in the literature.

Another operational factor that affects acceptance is situation
complexity. This is related to the need for training on the system's
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internal processes. As an operational situation becomes more complex,
the user's confidence that the designer has adequately anticipated the
situation will decrease, particularly if the events have not been pre-
viously encountered. Users often choose to ignore the system if their
perception of a situation disagrees with the system's assessment . 33,38,39
This reaction by the user can be either a benefit or a hazard, depending
on the appropriateness of the system's output. The correct degree of
acceptance depends on the quality of the system's output, and to maintain
that degree of acceptance requires that the user be equipped with the
resources (training and auxiliary equipment) to monitor the system.

SUMMARY AND CONCLUSIONS

Operator acceptance of computerized aids is important to utilities,
regulatory agencies, and system suppliers. Either inadequate acceptance
of or unquestioned reliance on computerized aids can affect both plant
availability and plant saflety.

Methods to increase user acceptance must be implemented during
design, training, and operation. These methods involve helping the oper-
ator conform to the equipment where necessary as well as ensuring that
the equipment conforms to the operator where possible. The process of
conforming the operator to the equipment is training. The process of
conforming the equipment to the user involves design, operational, and
maintenance decisions throughout the life cycle of system development and
use. These decisions are necessarily influenced and restricted by cost
and available technonlagy.

Some of the methods to enhance user acceptance of computerized aids
have been presented in this report for the purpuse of merging thesc idcas
for usc in the nuclear industry. Although mousL ol the human factors
guidelines for computer systems complled in the literature have been
omitted in this report, the portions of these guidelines where user
acceptance is a key issue have been included.

A necessary next step in this work is to more closely examine the
acceptance problems in the nuclear power plant control room. Although
most of the data presented in this report come from nonnuclear indus-
tries, the general principles are applicable to operational aids
installed in the nuclear power plant. But, to provide more specific
guidelines, the characteristics of user—acceptable aids must be investi-
gated for the user population, that is, nuclear power operators, The
survey techniques and, to a certain extent, the system characteristics
desired in the military and data processing studies?210:22 gjscyssed in
this report are a foundation for this investigation.

Methods for maintaining the user's critical assessment of informa-
tion from decision aids also need additional research. The problem of
overreliance is the opposite of inadequate acceptance, but it has similar
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consequences. Methods for detecting soft failures in systems should be
developed, with particular emphasis on verification under emergency con-
ditions.

The evolution of man-machine systems is rapidly approaching the
point where the question is not can it be dome, but how should it
be done? Advances in hardware and software technology are providing
more flexibility in the design of the role of the user than was
previously attainable. The importance of effective human performance
should continue to motivate the design of user-acceptable systems.
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