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The linear additive model used in SLIM has been extensively employed and
been shown to be very robust, and suitable for application to a wide

ety of settings (Dawes and Corrigan, 1974)., The primary assumption of the
1 is that the PSFs being considered are independent of one another. It is

efore important that users of SLIM ensure that this assumption 1s met, Dy,
0

example, deleting or combining PSFs which appear to be simila in meaning,
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1.10.3 The Regression Approach

The availability of a number of reference tasks allows the use of the
regression approach, which is the approach used in the experimental test of
SLIM and discussed more fully in Chapter 2 of this volume. The method has the
advantage of taking into account the inevitable variability associated with
the judges' SLI estimates of the reference tasks. Another advantage is that
it allows the coefficient of determination (the square of the correlation
coefficient) to be calculated, which provides a measure of the amount of
variability in the log probability accounted for by the SLI values. If the
coefficient of determination is low, then this is a warning that the
calibration of the judges may be inadequate. It may be that one or more
judges in the consensus group has some misunderstanding about the meaning of
the PSFs or the nature of the tasks. One solution is to provide the judges
with feedback about how these possible misunderstandings may have led to
inadequate calibration. The tasks can then be re-assessed to see if calibra-
tion has improved. This may require more than one iteration. The process of
providing feedback to SLIM-MAUD users to improve calibration is completed with
relative ease because of the interactive-based nature of the MAUD program. A
more drastic solution to miscalibration is to convene a new group of judges
who may be capable of more consistent assessments,

Even if only three calibration tasks are available, this will allow some
check to be made on the consistency of the judges' calibration. If lack of
coherence is detected, some of the methods discussed above could still be
employed to improve consistency.

1.10,4 The Use of Absolute Probability Judgments for Endpoints

This method was employed in the SLIM field study, described in Section
5.2 of Volume | and Section 2.2 of this volume. The technique requires the
judges to make absolute probability judgments of the best and worst cases for
the scenarin being evaluated, 1.e., the situation where all the P5Fs are as
bad as they can credibly be in an operating licensed plant, and, conversely,
where they are all as good as they can credibly be in a real plant, These two
scenarios are assigned 5LI values of 0 and 100 respectively; in other words,
they are used to define the endpoints of the SLI continuum. Substitution of
these houndary conditions into the general SLIM equation (given in Section
1.6.5) produces the following calibration function:

Py = ((Lp)SLl/lOOJ . [(Hp)(l - SLl/lOO)]
where:

P¢ = probability of failure,

Hg * judged probability of failure under worst conditions (higher
probability),

LP = judged probability of fatilure under best conditions (lower
probability).
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The reason for using this procedure is that in many situations, par-
ticularly rare-event scenarios, calibration tasks estimated by frequency data
may not be available. By defining the reference situations as the endpoints
of the SLI scale, the need to elicit SLI values for reference tasks from the
judges is avoided. In using this approach, it is important to emphasize that
the reference situations refer to the specific plant and the specific scenario
being evaluated. Also, the judges are asked to make estimates for “credible"
as opposed to hypothetical conditions, to enable them to make reasonable
extrapolations from the present p.ant state,

This calibration method effectively uses the SLI to interpolate between
two probabilities on the basis of the PSFs for the tasks being assessed. This
method of calibration may appear to be inferior to that based on reference
tasks because it employs absolute probability judgment. However, there is
evidence that experienced judges can make well-calibrated probability esti-
mates in some situations, e.qg., weather forecasting (see, for example,
Lichtenstein et, al., 1981). On the other hand, the probabilities that occur
when estimating the worst and best cases in rare-event scenarios are likely to
be much more extreme than in the applications cited in the above reference.
Techniques exist that allow judges to estimate very low probability events
(Selvidge, 1980; Stael von Holstein and Matheson, 1979) through consideration
of the probability of their occurrence being contingent on the occurrence of
other infrequent (though, less rare) events for which probabilities have been
established., These multistep absolute judgment techniques may be of use in
the assessment of human error probabilities for rare events. However, they do
not have facilities for conducting sensitivity analysis nor the internal
checking capabilities of SLIM and SLIM-MAUD, Another technique which can be
used to generate reference probabilities for use in SLIM is the Influence
Diagram approach, described in Embrey (1983b).

1.10.5 Discussion

The preceding sections have indicated several alternative approaches to
calibration. Which approach is the best is an empirical question which must
be subject to further research, In the case of rare events, it is obvious
that the effectiveness of calibration cannot be verified by a comparison of
the HEP estimates with frequency data. The most effective approach may be to
aim for convergent validity by comparing the results produced from the use of
different techniques, e.q., SLIM, the Influence Diagram, Absolute Probabil-
fty Judgment and Paired Comparisons,

1.10.6 Uncertainty Bounds Determination

PRAs often require the assignment of uncertainty bounds around estimates
of human error probabilities, To some extent, the concept of uncertainty is
more appropriate to error rates estimated by frequency data, than to
subject fvely derived HEPs, However, measures of uncertainty can be derived by
various means. One approach 1s for the judges to assign uncertainty bounds
via absolute judgment, Procedures for achieving this are described in
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Seaver and Stillwell (1983). They suggest the use of an odds response scale
on which each expert is asked to mark the upner and lower bounds of the HEP
estimates. An example of such a scale is presented as Figure 3.1 of Volume I.

Seaver and Stillwell (1983) also describe a method for calculating un-
certainty bounds when individual SLI values are available for each judge.
This involves calculating the variance of the log HEP estimates across judges
as foilows:

m m
m 3 log HEP{52 - ( £ log HEPy ;)2
j=1 j=1

Variance (log HEP;) =
m(m=1)

where m is the number of judges and HEP;; is the HEP estimate for event i by
judge j. The standard error of these estimates is then calculated as follows:

S.e. .

J/variance log HEP;
(standard error)

m

The 95% uncertainty bounds are then given by log HEP; + 2 s.e. This method
was used in the field study of SLIM discussed in Chapter 2 of this volume,

1.10.7 Inter-judge Consistency

Questions of inter-judge consistency arise only when the mathematical
aggregation of individual judge data is employed. Where this method is used,
Seaver and Stillwell (1983) provide procedures for estimating inter-judge
consistency using the intraclass correlation coefficient as shown in Section
2,2,2 of this volume. Generally speaking, however, whenever a group of judges
is avatlable, SLIM should be exercised in a consensus mode, as this provides
the optimal means of using information which different judges may possess.
Experience gained in the development of SLIM and its preliminary applications
indicate that the use of mathematical techniques is not optimal for aggregat-
ing the assessments of multiple judges. This recommendation also applies to
any other indirect assessment technique that relies on expert judgment (e.qg.,
Influence Diagrams, Paired-Comparisons, etc.), as much diagnostic information
is lost through regression effects. Use of [ntegrative Group Process Tech-
niques (IGP) (Gustafson et al., 1983) is considered superior in measuring
differences between judges because they permit the experts themselves, not the
technique, to achieve consensus, Although the consensus mode requires the use
of additional resources in terms of bringing experts together, its advantages
outweigh these additional costs,

16



1.11 The SLIM-MAUD Approach: Detailed Technical Considerations

Experience gained in the development of SLIM, discussed in preceding
sections, has provided the basis for further impr.vements in the methodology.
For example, it was discovered that the procedures used in the early version
of SLIM (described in NUREG/CR-2986) to obtain weights and ratings are not
theoretically optimal (Humphreys, 1977), even though they are still capable of
producing usable results, as is evidenced by the studies described in Chapter
2 of this volume.

Subsequent sections are devoted to the development of the detailed
axiomatic basis underlying SLIM. As part of this development, those aspects
of the early SLIM technique, which were theoretically sub-optimal, will be
identified. Also discussed will be how the resolution of this sub-optimality
can be achieved through improved implementation of SLIM, such as the MAUD-
based SLIM-MAUD,

1.11.1 The Foundation of SLI Methodology: Multi-<Attribute Utility Theory

SLIM is founded on the assumption that the courses of action evaluated
are possible alternatives, which could be chosen for implementation within the
situation for which the assessments are made. Rational theories of choice
between alternatives are founded on the notion of preference (Savage, 1954;
Fishburn, 1970; Keeney and Raiffa, 1976): one should choose the alter-
native for which one has the greatest preference, given one's current goal.
The SLI methodology ' ssumes that preferences should be formulated in accor-
dance with the goal of success: the greater the likelihood of success of a
course of action, should it be implemented, the greater will be the relative
preference for it, compared with the other alternatives under consideration.

Within the SLI methodology the alternatives assessed are actions (or the
success of actions). In the case of nuclear power plants (NPPs) it is not
necessary that these alternative actions be restricted to the set of alterna-
tive actions open to an operator at just one point in a particular sequence,
Rather, the alternatives may range over those which would be assessed accord-
ing to the following hypothetical question: Consider a situation where action
A has to be performed and a situation where action B has to be performed.
Assuming that the outcomes of these situations, given their success or
failure, are equally positive or negative, which situation would you prefer?

The SLI methodology finds its application, however, in contexts where
neither success likelihoods nor relative preferences can be estimated directly
with any degree of confidence. The methodology is specifically designed to
overcome this problem by providing a decomposition method for identifying the
set of Performance Shaping Factors (PSFs) which contribute independentiy and
collectively to the overall likelihood of success, together with a composition
rule which enables the (decomposed) ratings of each course of action on the
set of PSFs to be transformed into a single number--the Success Likelihood
Index for that course of action,

17



Success likelihoods are expressed on a scale of relative likelihoods of
success of each course of action in relation to cthers. Where absolute values
of likelihoods of success are available for two or more courses of action
under considzration, the relationships described in Section 1.10 may be used
to calculate absolute likelihoods (on a probability of success scale) for all
the courses of action under consideration.

1.11.2 Multi-Attribute Utility Theory Axiomatization of Decomposition of
Alternatives

The appropriate decomposition of preferences between alternative courses
of actiorn into ratings on PSFs is that developed within Multi-Attribute
Utility Theory, described in detail in von Winterfeld and Fischer (1975), and
Humphreys (1977). Outlined here are the major assumptions which together form
an axiomatization prescribing a simple additive composition rule for computing
success likelihood indices.

The decomposition depends on the assumptions of connectedness and
transitivity of choices (Arrow, 1952; Fischer, 1972), fundamental to all
theories of rational choice, together with the certain critical monotonicity
and independence assumptions, discussed below.

1.11.3 Monotonicity Assumption

Given the adoption of an ordered scaling method describing positions of
alternative -ourses of action on PSFs, the monotonicity assumption requires
that each PSF should be scaled in such a way that:

xij>x,-k iff f(x”) > f(X”()

where f(x;j) is the numerical SLI value assigned to the jth course of action
on the ith PSF, and X{ j represents the relative preference for performance
at level xjj on PSF i.

>~denotes "is preferred at least as much as", and > denotes "is
numerically greater than or equal to." That is, on each PSF, larger numerical
values should imply greater preference for performance at the levels they
index.

Use of a scaling metric is simply a device to allow the use of numbers to
represent preference orderings (Beals, Krantz & Tversky, 1968). When scale
values “as obtained" do not represent this interpretation, the “folding" tech-
nique described in Section 1.10.6 may be used to rescale the values in such a
way that the monotonicity assumption is met. (This technique is automatically
applied within MAUD, in such a way that the monotonicity assumption is always
met . )

1.11.4 Preference Independence Assumption
In the SLI methodology, scores on PSFs contribute additively to the SLI

index for each course of action. It is therefore important that any set of

18



PSFs comprise factors which contribute independently of one another to over-
all likelihood of success. When SLIM ic implemented through MAUD, this is
achieved by testing the assumption of preference dependence between ratings of
courses of action on all factors. If the independence assumption is violated,
MAUD detects the violation and restructures the set of factors in such a way
that the retained factors meet the independence condition.

The method adopted for testing preference independence within MAUD is
based on testing for Weak Conditional Utility Independence (WCUI) between each
factor in the set and all other factors in turn (this is called testing n-WCUI
for each factor [see Raiffa, 1969; and von Winterfeld and Fischer, 1975]).

The definition of independence contained in WCUI is weaker than that contained
in definitions of statistical independence (for example, that employed within
multiple regression methods). Hence, tests of statistical independence are
too strong in this context., Nonetheless, they may be used as a stringent test
of the possibility of a violation of WCUI. MAUD performs checks for statis-
tical independence as a guide for further action which may involve structural
reordering of the set of PSFs., MAUD's statistical checking procedure monitors
potential failures of n-WCUI between each PSF introduced into the set and
every other PSF already in the set. Should the statistical check fail, the
offendiry pair of PSFs are presented to the user, and a thought experiment is
then conducted between SLIM-MAUD and the user to ascertain whether n-WCUI has
actually been violated. If it has, the user is prompted to identify a new PSF
to replace the offending pair, and the structure is reordered appropriately,

Technically, ensuring n-WCUI in this way guarantees the adequacy of the
decomposition and the correctness of the additive composition rule used in
computing the SLIs. If there is no uncertainty concerning which course of
action will actually be adopted, that is in cases where the MAUD results will
be taken as prescriptive, the course of action with the highest SLI will be
that which is actually adopted in the given context,

However, there are cases where assessments have to be made where the re-
sults will be valid in any eventuality, i.e., where the SLI can be interpreted
in relation to the absolute probability of success of a course of action,
rather than just relative to the other courses of action considered in the
SLIM assessments., In such a case, the Weak Conditional Utility success assump=
tion has to be strenathened within Multi-Attribute Utility Theory to a Strong
Conditicnal Utility (SCUI) assumption. Direct interactive testing of SCUI is
very difficult (Raiffa, 1969; Keeney and Raiffa, 1976; Humphreys, 1977). How-
ever, there is a more straightforward way of ensuring SCUI than searching for
appropriate direct test procedures. In every case where n-WCUI is satisfied
but SCUI may not be, a "prescriptive" decomposition procedure may be used
providing that (i) the preference functions are expressed as utility func-
tions U; adequate for use in conditions where there is uncertainty about the
course of action to be chosen, and (ii) a "marginality" assumption can be made
(Raiffa, 1969; Fishburn, 1970).

MAUD adopts this approach using an assessment procedure for U; based on
an axiom system for "allocation of importance" devised by Sayeki (1972).
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Within SLIM, the resulting U; values constitute Success Likelihood Indices
for courses of action for transformation into probabilities of success in all
cases.

This procedure, described in Section 1.11.7, generates a set of weights
to be assigned to ratings on the various PSFs which ensures the use of
correct scaling factors which meet SCUI requirements. Other direct weighting
techniques for PSFs do not meet this requirement. Hence, despite their
apparent simplicity, they may not be appropriate for use within SLIM in
applications where the resulting SLI values are to be transformed into
assessed probabilities of success for defined courses of action.

1.11.5 Additive Composition Rule for Computing SLIs

Once the independence assumptions described above have been met, the
following model may be used as the composition rule aggregating ratings on
PSFs in computing the SLIs of the alternative causes of action:

i

n
ui(xik) 2 5 uj (x45) = SLI(Xy).
1 i=1

Given a scaling procedure which yields values on PSFs 91(x1 ) (i.e.,
the ratings assigned to the PSFs), monotonically related to u; i (X5 a
procedure based on Sayeki's (1972) axiomatization of allocat1on o* importance
may be employed to construct the u; (x,J) directly.

Xj>= X iff SLI(X;)

-

The relation is of the form:

“i(xij) = 5 [94( ] where X = 1.
The A; are in fact products of

(value-wise importance weight) x (relative scaling factor)

Wi 34

Hence, in "separated" form:

u,-(xij) = wiq,-[g,-(xij)].

From a conjoint measurement perspectlve the separation of i; into
Wid; is both unnecessary and pointless since, in practice, w; and q;
cannot be assessed separately from one another. Hence, the procedure empl oyed
within MAUD for the assessment of A; does not attempt any such separation.

1.11.6 Folding Procedure for J-scaled Assessments on PSFs

Sometimes, level preferences on PSFs may not be monotonically related to
Tinearly increasing numerical assessments on the scale.
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For example, on a PSF scaled from:

increasing numerical values of PSF —»
very low stress very high stress

most preferred level

The most preferred level does not occur at either pole on the factor. Pref-
erences for stress values start off by increasing monotonically with stress,
as at the very low end, increasing the stress associated with a cause of ac-
tion may be functional through enhancing motivation and vigilance. However,
as stress is increased further, preference for these higher levels of stress
starts to decrease, as higher levels of stress are no longer functional, lead-
ing to fragmentation of action and ineffective behavior associated with high
anxiety (0'Brien, Rosa, and Stengrevics, 1983).

This example illustrates what is known as a single-peaked preference
function on a PSF. Coambs (1964) has described how these functions frequently
arise in practice. Elicited PSFs tend to be identified in "J-scales" where J
stands for "joint"-shared across people, whose cammon language serves to
identify "natural" poles for the scales, like "very low stress" and "very high
stress." However, in preference-technology, such as that employed in SLIM
methodology, the scales required are I-scales (Coombs, 1964; Dawes, 1972).
I-scales are individual preference scales, where the most preferred value,
which must correspond to the pole indexing the largest numerical value on the
scale, will depend on the individual context and the individual goal operative
in the application concerned. Coombs developed "folding" techniques, whereby
a single peaked preference functior on a J-scale can be "folded" about the
"ideal point" ‘*he most preferred level) on a J-scale PSF to yield I-scaled
PSF values, ar ~ riate for use as gjj in the additive composition rule de-
scribed in Sec.10on 1.11.5. When used to implement SLIM, MAUD ascertains the
ideal points on each PSF, and folds the J-scaled ratings given by the user
about this point as the first step in the process of testing independence
assumptions and constructing the SLIs. In other words, the ratings are re-
scaled in terms of their distance from the ideal point.

1.11.7 Compensation Method for Assessing Weights for PSFs

The full computational procedure for this method employed in SLIM-MAUD is
quite complex, as it requires a preliminary cluster analysis to determine the
optimal sequence of the assessments required for the practical implementation
of Sayeki's (1972) axiomatization of allocation of importance. Complete
details of the procedure are given in Humphreys and Wisudha (1983). Presented
here is only the form of the key operations involved in camputing the X;.

In early implementations of the procedure (e.g., von Winterfeldt and
Edwards, 1973), each A';(=W;9;) was determined by observing how a deci-
sion maker's wholistic u; ratings of hypothetical courses of action changed
when values of their (hypothetical) levels on attributes equivalent to PSFs
were changed fram the "worst" to "best" levels.
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Consider the effect of switching from worst (0) to best (1) on PSF
1. According to the conjoint measurement model used here (Krantz et al.,
1971):

n n
AFj = [fiéfg(xij) + A'l(])] - [E:éig(xh + 1'1(0)] =1,

where AF; is the change in the wholistic rating of outcome j, similarly for
all othe¥ PSFs.

In the development of the method used in MAUD, preferences between alter-
native switches fram worst to best on pairs of PSFs are assessed, (a much
clearer and more sensitive measure than the "overall change" method used in
earlier assessment procedures based upon Sayeki's method). The optimal
sequence of pairs is generated on the basis of a cluster analysis of I-scaled
ratings on PSFs and only n-1 “compensation" assessments need be made in de-
termining the values of a complete set of A+, i=1 to n (n is the number of
pairs).

1.11.8 Conversion of S! s to Numerical Probabilities

Determination of the precise form of the calibration equation to trans-
form SLIs into probabilities is an empirical question. Discussed here is a
calibration equation which makes use of the notion of “expected regret"
(Savage, 1954). SLIs are scaled in such a way that for any course of action:

SLIj =1 - ERj P
where 591 is the expected regret associated with selecting course of action
j, rather than the hypothetically "most preferable" course of action, which
could be represented by a rating at the most preferred level, on every PSF in
the set. This most preferable course of action would be SLI value 1 (or 100
depending on the scales used). Conversely, a hypothetically least preferable
course of action could be represented by a rating at the least preferred level
on every PSF giving an SLI of 0. Hence, the measure of expected regret
implicitly constructed within SLIM is scaled as follows:

SLI Best on all PSFs Worst on all PSFs
Value + +
Expected 0 % 1

Regret ER (best) ER (worst)

Actual courses of action under consideration
lie within this range.
where:
log (ERj) = a (SLIj) + k . (1)

a and k can be found from the equivalence shown in the above diagram.
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Assume that actual regret which would accrue if any course of action
chosen was successful is 0, i.e., no regret is experienced. However, if any
course of action fails, then the regret experienced is R, the regret at having
failed to avert a failure. The logarithmic form of the equation follows from
Bernoulli's (1954) proposal that the increase in expected regret, contingent
upon a unit decrease in SLI (the converse of an increase in expected utility
from increase in SLI), is inversely proportional to the extent of the SLI
value (the degree of regret already experienced) below that indicating certain
success (see Galanter [1962] and Lee [1971] for discussions of empirical
support for this assumption).

R is a constant over all courses of action, given an independence of path
assumption, which says that the degree of regret associated with the conse-
quences of a specified failure is independent of the sequence of actions which
were tried without success to prevent its occurrence. Thus, according to the
expected regret theory (which is based on the same axiom set as expected
utility theory, see Savage [1954]).

For any course of action i:
ERJ' = RPJ' i (2)

where P; is the probability of failure associated with that course of ac-
tion. Substituting this relationship in Eq. (1):

Tog (RPj) = a SLIJ *C .

Hence:

"

log Pj = a SLIj +c=TlogR, (3)
but since R and thus log R is a constant, we can express Eq. (3) as:

log Pj = a SLIj + b,
where b is the constant ¢ - log R.

SLIM uses this relationship to ascertain values of log Pj (and hence
Pj) for all courses of action under consideration.

1.12 Implementation of SLIM Through MAUD: SLIM-MAUD

MAUDS (the latest version of MAUD, described in detail in Humphreys and
Wisudha [1984]) is a general interactive computer-based system for the assess-
ment of choice alternatives that has been extensively developed and tested in
decision analysis settings (Humphreys and McFadden, 1980; Humphreys and
Wooler, 1981; John, von Winterfeldt, and Edwards, 1983; Kobashi, 1983).

When MAUD is used to implement SLIM, up to 10 tasks can be evaluated
simultaneously during one session. As with any implementation of SLIM,
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conversion of the SLIs to probabilities requires the inclusion of at least two
and preferably three reference tasks for which success probabilities are
known. Calibration can also be achieved through the use of other calibration
techniques discussed in Section 1.10.1. An example of a SLIM-MAUD session to-
gether with commentary is given in Section 3.4 of this volume. This example
can be referred to as an aid in reading the following sections.

1.12.1 How MAUD Works With the Judges Using SLIM

This section considers the details of what occurs after a SLIM-MAUD user,
the expert-judge, has selected a set of tasks for which he or she wishes to
assess SLI values. It should first be noted that MAUD carries out the rating
of PSFs prior to the derivation of the importance weights which is the reverse
of the procedural order of other techniques for implementing SLIM, After
asking the judge for a set of actions to be evaluated, SLIM-MAUD then elicits
the PSFs. Each action is then rated on each PSF separately. MAUD gives the
judge flexible editing facilities for changing information already given to
the computer. These are needed because new ideas and insights often occur to
the judge during the interaction process. MAUD tests the coherence of the
data supplied by the judge, and derives all the information necessary to apply
an algorithm, based on Multi-Attribute Utility Theory, for decamposing the
data into overall assessments across the courses of action being evaluated.

MAUD works entirely with the judge's own inputs, asking him or her for
words or phrases which describe all the important elements of his or her
understanding of the problem. Its operation and text is geared toward a new
user who is not necessarily experienced in interacting with computer systems.

1.12.2 Eliciting and Rating the PSFs

MAUD starts by asking the user to name the actions under consideration.
[t then proceeds to help the judge elicit PSFs relevant to evaluating these
courses of action by asking him or her tc specify differences and similarities
between triads of alternatives, following Kelly's "difference" method (Kelly,
1955; Fransella and Bannister, 1977). The words thus elicited are used to
represent the poles or endpoints of PSFs, and MAUD will allow changes if the
judge is not satisfied with the definitions he or she has given as poles. The
Judge is next asked to rate all the courses of action on a scale between these
poles, and to specify the ideal (most preferred in tems of maximizing
success) point on the scale. MAUD then "folds" the elicited J-scale ratings
about the ideal point into an I-scale and rescales the i-scale so that the
least preferred course of action on the folded scale receives the value 0 and
the most preferred course of action on the scale receives the value 1 (see
Section 3.4.5, Frames 10-13).

When the judge has successfully generated two PSFs which are signifi-
cant to him or her for distinguishing between the courses of action in terms
of the likelihood of success, MAUD allows poles of PSFs to be specified di-
rectly using a heuristic known as the "opposite" method without explicitly
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going through the consideration of similarities and differences between triads
of alternatives (Epting, Suchman and Nickeson, 1971) (see Section 3.4.5, Frame
21).

MAUD can resume its presentation of triads of alternatives as a means of
eliciting further PSFs from the judge at any time he or she requires assis-
tance in considering further important aspects of the situation yet to be
explored. This has been found to help in drawing out fresh insights about the
factors which may affect the likelihood of success of different courses of
action. This procedure can effectively be carried out as a group process.

1.12.3 Editing and Restructuring Rating Assessments

MAUD's difference method and opposite method are structure-eliciting
heuristics, originally developed for application in clinical psychology, and
are very effective in eliciting material from the judge. There is, however,
no guarantee that such material (or material generated by any other elicita-
tion technique) will be coherent or optimal from the perspective of Multi-
Attribute Utility Theory, which is the underlying basis of SLIM.

MAUD overcames this problem in the following ways. It provides consider-
able facilities for editing material whenever the judge (or MAUD) becomes dis-
satisfied with the way in which he or she has represented some aspect of the
situation. This may be due to incoherence of ratings of courses of action on
a PSF, owing to inappropriate specification of poles, failure to find an ideal
point, and so on. Editing may involve restructuring the user's view of the
situation by changing the ratings or ideal points on PSFs, renaming the poles,
deletion of courses of action or PSFs, and replacement by others (see Frames
22 and 23).

Alternatively, restructuring can be initiated by MAUD in interaction with
the judge. MAUD monitors the I-scaled ratings on the PSFs input by the judge,
checking each set as soon as it is elicited with the sets of I-scaled ratings
on all other PSFs currently in the preference structure. It is important to
ensure that conditional utility independence is maintained between these sets
of ratings (see Section 1.11.4). However, checking this assumption directly
involves asking a number of rather difficult and very repetitive questions.
MAUD therefore takes an indirect approach, capitalizing on the fact that tests
for statistical nonindependence are stronger than those for violations of con-
ditional utility independence. MAUD monitors the statistical associations
between pairs of sets of I-scaled ratings, and only questions the judge about
utility independence when the statistical test indicates that there is a
reasonable chance that the conditional utility independence requirement may
have been violated, i.e., that there may be interactions between the PSFs (see
Frame 18).

The data which form the basis for the computation of SLI should, when-
ever possible, be expressed in such a way as to permit the use of a simple
additive camposition rule. If the aspects of the problem are expressed so as
to make this impossible, then the problem should be restructured to pemit the
use of such a rule, in preference to the adoption of a more complex rule.
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When there is a violation of PSF independence, restructuring is accomplished
through the deletion of the offending PSFs anu their replacement with a PSF
more appropriately expressing their shared meaning (see Frames 34 and 35).

1.12.4 Assessing Relative Importance Weights of PSFs

When the judge thinks that a sufficient number of PSFs representing all
the important aspects of the situation have been specified, MAUD can then
investigate importance weights and relative scaling factors for all PSFs in
the SLI structure. These quantitites must be determined in order to be able
to apply an additive composition rule (von Winterfeldt and Fisher, 1975).
Since SLIM is founded on Multi-Attribute Utility Theory, it is important that
the procedure for applying this rule also be a foundation of MAUD. In early
versions of MAUD, this was achieved by constructing reference gambles or
"basic reference lottery tickets" (BRLTs) (Raiffa, 1969).

As reported by John et al. (1983) many people find the BRLTs difficult to
assess and so an alternative procedure for assessing importance weights is
offered in MAUDS (Humphreys and Wishuda, 1984) which is the recommended ver-
sion of MAUD. The procedure built in MAUDS was developed from Sayeki's (1972)
"compensation” method, a theoretically optimal procedure for use under condi-
tions of "riskless" choice (von Winterfeldt, Barron, and Fisher, 1980), which
has been compared with BRLT-based procedures by von Winterfeldt and Edwards
(1973) and Humphreys (1977). In the version of this technique implemented in
MAUD, a clustering algorithm is used to determine the n-1 comparisons required
to allocate relative importance weights to the n PSFs used to characterize the
courses of actions being assessed. Each camparison involves adjusting the
position of an explicitly specified option on one of the two PSFs on which it
is defined to find indifference in preference with respect to a "reference
option," which has a fixed, explicit definition on the same two PSFs (see
Frame 55 onwards).

1.12.5 Assessing SLIs and Probabilities of Success

At the end of each session, or at any other time at the judges' request,
MAUD produces a summary showing the assessed PSFs currently under considera-
tion, the judges' ratings of the courses of action in temms of the likelihood
of success, and their ratings on the PSFs. When relative importances of the
PSFs have been investigated, these are shown, together with the SLI values for
each course of action (see Figure 3.2).

when reference probabilities have been supplied for two courses of ac-
tion, which have also been rated by the judge on the PSFs, an extension to
MAUD developed for use in SLIM applications can be used to compute and display
the probabilities of success for all the courses of action included in the
assessment. (A description of this extension together with its computer code
is given in Section 3.5 of this volume.) The judge may then wish to carry out
further restructuring, introducing new alternative courses of action, removing
old ones, or changing PSFs in interaction with MAUD. At all times, MAUD pro-
vides comprehensive editing facilities, so that a user can correct errors and
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restructure the problem as he or she wishes. The system is fully re-entrant,
which means that restructuring and evaluation activities can be carried out by
the user in any order until the final result has been achieved.

1.12.6 Resources Required to Implement SLIM Through MAUD

SLIM may be implemented in a number of ways with or without computer sup-
port. Phase IV of the SLIM research program, described in Chapter 4 of this
volume, is concerned with a full MAUD implementation of SLIM, using the stand
alone procedures described in Chapter 3. With this implementation, the re-
sources required to assess SLIs for any given set of tasks would be as fol-
Tows:

9 Judges. Availability of a group of four to six judges with collec-
tive experience stemming from HRA, PRA, plant design, and operations.
These experts should meet together in a single group to perform the
assessments in interaction with MAUD.

o Software, Availability of MAUD5 configured to implement SLIM in the
manner described in Section 3.2 of this volume.

e Hardware, Availability of a single stand-alone microcomputer. This
must be either an IBM-compatible personal computer using DOS 2.0 or a
CP/M-based system, In either case, the microcomputer must be equipped
w.th two double-density floppy disks, a memory of at least 64K RAM, a
display screen, and a printer.

e Office space. Availability of a room where the group of assessors
meet to interact with SLIM=MAUD free of outside disturbance.

e Time. A typical SLIM-MAUD session begins with about 30 minutes of in-
troductory discussion and classification of the tasks to be discussed
into subsets of 4-10 tasks each (see Section 1.13). Each subset of
tasks is then assessed in a session with MAUD, which on average lasts
about 45 minutes. Hence, if for example, 14 tasks were to be as-
sessed, divided into two subsets of seven tasks each, the total time
required would be 30 + (2 x 45) = 120 minutes. Additional time may be
assigned for the initial formalities included in convening the group
and for debriefing the judges afterwards.

1.13 Need for Appropriate Classification Scheme

In the earlier work on SLIM reported in Embrey (1983a) the importance of
developing a task classification procedure for use within SLIM was emphasized.
This is required for several reasons. The SLIM=-MAUC procedure develops a com=
mon set of PSFs and their associated relative importance weights for all the
tasks that are being evaluated together in a particular SLIM-MAUD session.
Therefore, there is an underlying assumption that for all the tasks in a par-
ticular session the likelihood of success will be influenced by the same PSFs
with the same relative importance weights. In order that calibration can be
carried out, it is necessary that the reference tasks included within the
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SLIM-MAUD session are also sensitive to the same set of PSFs and their asso-
ciated importance weights. The experimental study of the basic SLIM technique
(discussed in Chapter 2 of this volume) noted the problems that can arise if
generic PSF weights are not applied to subsets of tasks on a systematic basis.
The lack of homogeneity within the tasks assigned to the categories meant that
judges had difficulty in applying the pre-defined PSFs.

In addition, it seems likely that the poor correlation obtained in the
field test of SLIM between the 1og HEPs and the SLIs calculated using the
generic weights could be attributed to the tasks being inappropriately clas-
sified. These considerations suggest the need for a taxonomy which contains
categories to which tasks can be assigned on the basis of their homogeneity
with respect to the PSFs which influence the likelihood of success.

As part of the research program described in this report, a wide range of
taxonomies which had been employed in the human reliability and other areas
were surveyed. Thirteen error taxonomies and 12 task/performance taxonomies
were reviewed for possible use as task categorization approaches in SLIM,
These taxonomies are presented in Table 1.1. (The Altman classification
appear in both columns of the table because they address both performance and
error classification.)

Table 1.1 Error and task/performance taxonomies reviewed.

Error Task/Performance

Taxonomies Taxonomies
Meister and Rabideau (1965) Berliner et al. (1964
Altman (1964a) Altman (1964a)
Altman (1964b) Altman (1964b)
Altman (1967) Miller (1967
Rook (1962) Miller (19713
Meister (1964) Alluisi (1967)
Swain and Guttman (1983) Fleishman (1967)
Edwards (1981) Farina and Wheaton (1971)
Norman (1981) Theologus and Fleishman (1971)
Reason (1979) Levine and Teichner (1971)
Adams et al. (1980) Fleishman (1975)
Metwally et al. (1982) Levine et al. (1971)

Rasmussen et al. (1981)

The results of the survey were disappointing as far as the applicability
of the taxonomies to SLIM was concerned. Although many of the approaches
appeared to be viable methods for grouping together tasks or errors from the
point of view of various psychological models, none of them contained syste-
matic procedures for assigning tasks to categories, and very few of them
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described in Section 2.1 of this volume, 21 tasks were evaluated in
one day. However, this was perceived to be an excessive workload by
the inexperienced judges involved. Also, the tasks were generally
simpler than those encountered in PRA. In the field study, it was
found that for nuclear power plant situvations probably 80% of the time
devoted to carrying out an assessment was taken up with technical dis-
cussions concerning the nature of the phenomena that the operators
would have to handle, and identifying the likely success and failure
routes to be expected. Taking this time into account, it is unlikely
that more than two hours were used in quantifying each operator action
using the original form of SLIM. The use of MAUD has not yet been
tested in the field in this way. Given that the length of time was
typical and that a team of 10 judges participated in an assessment,
this implies a cost of approximately five person-hours per action
quantified. However, in the example cited, the judges were relatively
unfamiliar with the technique and experienced judges might be expected
to be quicker. The resources necessary to exercise SLIM=MAUD will de-
pend on the number of tasks assessed in each session. Using the es-
timates given in Section 1,12.6, and assuming five judges, this sug-
gests that approximately 45 person minutes per task will be required.
Thus, the capability of SLIM=MAUD to handle many tasks simultaneously
considerably reduces the overall cost of assessments,

Training Requirements. As discussed in Section 1.3.2, the training
requirements for SLIM are unlikely to be excessive, particularly
true for the MAUD procedure which has a built-in self-training
capability.

Breadth of Application. SLIM can be applied to any set of actions for
which evaluatiun is desired., These include actions at all stages of
the system life cycle, including design errors, maintenance, and
testing in addition to control room operations. The practicality of
this can be assessed within the Test Plan,

Data Requirements, The data requirements for SLIM are less stringent
than for most other techniques because data are required only for
calibration and not for individual task elements. Only absolute judg-
ment techniques require fewer data.

Capability to Consider Socio-technical Factors. There is no formal
constraint on the nature of the PSFs considered within SLIM, which may
include socio-technical factors, such as motivation, group and organi-
zational characteristics, etc.

Difficulty of Exercising Procedure., Feedback from judges indicates
that the procedures involved in using SLIM, with or without MAUD, are
not perceived to be difficult or complex to exercise.

In-house Capability. SLIM can be implemented for use in=house by an
organization after a relatively short pcriod of familiarization with
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the procedures described in detail in Chapter 3 of this volume. Ob-
viously, some prior training of the assessment group and the
individual leading an assessment session will be necessary.

1.14,2 Acceptability

Scrutabilit*. Experience gained from the experiment and the field
S es indicate that the procedures involved in implementations of

SLIM are regarded as camprehensible in common sense tems. The
underlying theory is, in its axiomatic form, quite complex. However,
the user need not be aware of this complexity.

Relationship to PRA Approaches. The field study has indicated that
the data produced by EEIH are acceptable for PRA purposes. The tech-
nique seems to interface well with the other aspects of hardware
modeling carried out within the PRA.

Interface with Human Reliability Data Banks. The data generated from
a SLIM assessment could be incorporated in any of the human reli-
ability data banks that have been proposed (e.g., Comer et al. 1983).
However, one of the major strengths of the SLIM technique is that it
allows the context within which an action is assessed to be taken
properly into account in forming the assessment., Differences in
context (e.g., differences in plant, operating characteristics, etc.)
are explicitly reflected in the set of PSF weights used in calcu-
lating the SLI that are appropriate in a particular context. There-
fore, we conside~ that each SLI value (or probability of failure
derived from the SLI value) should be entered in any data bank to-
gether with information about the set of PSF weights employed in

its calculation. Without this contextual information, the usual
problems concerning the application of failure probability data to a
specific application will arise once again.

To avoid such problems, it is recommended that eventually a SLIM data
bank should be set up, which contains context-specific information for
easy use when making SLIM assessments in any particular context. The
data bank could contain (1) prespecified "frames" of PSFs with pre-
defined weights, which would apply to particular categories of tasks
and contexts, and (2) a library of machine-readable summaries of SLIM
sessions, as produced by SLIM-MAUD (see Sections 3.4.5 and Figure 3.2
of this volume), which can be retrieved for revision and extension of
SL1 assessments in appropriate contexts. This library could be held on
5-1/4-inch floppy disks, and the appropriate disk could be borrowed
from the library each time it is needed in a particular application.
SL IM-MAUD has fully re-entrant editing capabilities, and hence a
SLIM-MAUD session starting from a "library-held" summary would need
only to comprise editing and final assessment stages, without the ini-
tial PSF generating stages, as the results for these stages will be
readilv available on the library disk.
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1.14,3 Usefulness

Accuracy and Validity. Accuracy can be checked only for situations
for which objective gata are available, and such situations tend to be
very different fram those encountered in high risk nuclear power sce=-
narios. The limited data set which was available for the experimental
test of SLIM indicates an acceptable level of accuracy, particularly
in view of the fact that an equal-weight mode! was used, In the ab-
sence of “rare-event" data, the validity of the SLIM approach must be
judged on the basis of the coherence of its underlying model, the
degree to which its predictions are confirmed by other techniques, and
by any empirical data that become available in the long term.

Auditability. Within the SLIM procedure, the routes via which the
probability estimates are generated are clearly traceable. There is,
however, a need to build in an effective documentation process where-
by the discussion that leads to the assignment of particular weights
and ratings can be preserved. In SLIM=MAUD, all the transactions with
the computer are recorded on disk and can subsequently be replayed for
auditing purposes.

Modeling Capability. At the moment, the SLIM technique does not pro-
vide any specific additional modeling structure apart from the usual
task analyses that are conducted as part of a HRA., However, the use
of SLIM generates a structure which assists the judges in deciding
which error modes are credible, and which are not, Thus, there is a
two-way interaction between the modeling and the quantification
process.

Reliability. The only formal reliability test of SLIM was conducted
as part of the Phase |1 research, the field test of SLIM, As shown in
Section 2,2.,2 of this volume, the inter-judge reliability was reason=
ably high,

Uncertainty Bounds Determination. As described in Section 1,10.6 of
this volume there are a number of techniques which can be used to
generate uncertainty bounds in SLIM,

Sensitivity Analyses. The availability of importance weights within
SLIM constitutes a built-in sensitivity analysis capability. The
effects on the success likelihood of varying the quality of the var-
ious PSFs in different scenarios can be readily assessed,

Justifiability of Underlying Model. The model underlying SLIM-MAUD
has been justified in considerable detail in Section 1,10 of this
volume, This justification emphasized the high degree of theoretical
rigor upon which the model is based.
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2. PHASES I AND Il OF THE SLIM RESEARCH PROGRAM

This chapter discusses the results of Phase [, the experimental study of
SLIM, and of Phase II, the SLIM field test.

2.1 Phase | Research: Experimental Study Using Basic SLIM

The experimental evaluation of the basic SLIM approach was described in
Section 4 of Volume I. Further details concerning the objectives of the
experiment, the procedures adopted, and the results are discussed in this
section.

2.1.1 Experimental Objectives

The evaluation of SLIM was part of a larger study in which three subjec-
tively based human reliability assessment techniques were compared. However,
since this report is concerned primarily with the SLIM approach, only the
results from this part of the experiment will be discussed here. The objec-
tives of the experiment, with respect to SLIM, were as follows:

o To test the hypothesized logarithmic relationship between the log
(probability of success) and the SLI.

e To evaluate the possibility of using generic PSF weights applicable to
broad categories of task, rather than individual weights for each
task.

e To compare the probability estimates generated by SLIM with the known
empirical probabilities of error for the task set used in the
experiment.

The existence of a consistent monotonic relationship, such as a logarith-
mic function, is an important assumption underlying SLIM and hence it was
deemed useful to test this assumption as part of the investigation. The pos-
sibility of using generic weights relating to broad taxonomy categories was
seen as a potential means of reducing the amount of time necessary to exercise
the technique, thereby reducing resource requirements. The comparison of the
probability estimates produced by SLIM with the empirical task error prob-
abilities is an important aspect of validating the technique as a whole, at
least within the range of probabilities considered in this experiment,

2.1.2 Experimental Procedure

As discussed in Volume I, Section 4, 21 tasks were used in this study,
consisting of seven each within the categories of Skill, Rule, and Know!l edge
based behaviors. Eight expert judges participated in the study: four reli-
ability analysts, two operators, and two human factors specialists. A docu-
ment sent to these judges several days before the experiment (Appendix A of
this volume) introduced the concept of PSFs and described the six PSFs to be
used in the experiment. It then discussed the three categories of behavior
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(Skill, Rule, and Knowledge based behaviors) as described by Rasmussen (1980).
The judges were also provided with comprehensive descriptions of the tasks to
be used in the study, divided into the three categories. Each judge was asked
to perform a weighting exercise for each PSF for the three generic categories
of behavior mentioned above. A total of 18 PSF weights; (six PSF x three task
categories) were thus generated by each judge prior to the experimental
session.

The session began in the morning with the judges further acquainting
themselves with the task descriptions. Following a general discussion of the
tasks with the experimenters, the judges individually rated each PSF for each
task (6 PSF x 21 tasks = 216 ratings), which took approximately two hours,
After a lunch break, the group of eight judges was divided into two groups of
four, balanced with respect to expertise (i.e., each group had one operator,
one human factors specialist, and two reliability analysts). Each group
generated a set of 18 generic consensus weights, based on their original
individual weights and subsequent discussion and interaction with other
members of the groups.

It was also intended to derive consensus ratings at this stage, but lack
of time precluded this. Finally, €each judge was given a general question-
naire about the technique to complete.

In summary, the experiment generated eight sets of preconsensus (indi-
vidual) generic weights, eight (individual) preconsensus sets of ratings, and
two sets of (consensus) generic weights. From this, three aggregated sets of
SLI values could be generated, using preconsensus, and the two sets of con-
sensus weights, although all three used the same ratings. The raw data on
weights and ratings are presented in Tables 2.1 and 2.2. The task descrip-
tions, their sources, and the error probabilities, together with cther experi-
mental material, are contained in Apperdix A of this volume.

2.1.3 Results and Discussion
2.1.3.1 Test of the Logarithmic Hypothesis

As discussed in Volume I (Section 4.1), the logarithmic hypothesis was
tested by first plotting the log (empirical error probabilities) against the
SLI values calculated from the generic PSF weights for the Rule, Skill, and
Knowledge-based categories and the individual task ratings on these PSFs. The
individual judges' SLI values were calculated first and the median of these
values was used to obtain the overall SLI for each task. No signficant dif-
ferences were found between the SLIs calculated from the preconsensus and the
consensus importance weights,

Low, nonsignificant correlations were obtained between the log HEPs and
all three groups of SLIs (i.e., calculated using preconsensus and both sets of
consensus generic weights) and it was suspected that the use of generic
weights was responsible for this. The SLIs were therefore recalculated using
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KBB RBB SBB
Judye PSF A B C D E F A B C D E A B C D E F
o Loy Rank 3 4 S 6 1 2 3 5 4 6 1 2 1 3 5 6 2 4
Wt. 25 30 60 75 10 20 50 80 70 95 10 40 10 60 90 100 30 65
2. LM, Rank 2 4 5 6 1 3 4 2 3 6 1 5 6 5 4 2 1 3
WL, 10 50 50 70 10 40 50 30 50 150 10 100 100 70 50 20 10 50
3. B.J. rRank 2 4 5 6 1 3 6 2 4 5 3 1 1 6 5 2 3 4
Wt. 15 75 100 15 10 30 100 30 40 7% 35 10 10 200 150 20 25 100
&, C.F. Rank 3 6 5 4 1 2 6 3 4 5 1 2 2 6 5 3 1 4
Wt. 80 300 150 100 10 60 300 200 250 250 10 35 30 300 200 80 10 100
5. AKL. Rank 2 5 4 6 1 3 5 4 3 6 2 1 5 6 2 3 4 1
Wt. 40 200 100 300 10 50 250 100 50 300 30 10 200 300 20 80 100 10
6. G.B. Rank 1 5 4 6 2 3 4 5 2 6 1 3 4 5 2 1 3 6
Wt. 10 60 45 70 20 30 45 55 20 65 10 25 30 40 15 10 25 50
Te N, Rank 1 6 4 5 3 2 4 5 3 6 2 1 5 6 3 4 1 2
WL. 10 500 100 300 50 30 200 250 150 300 60 0 80 100 20 50 10 10
8. J.M. Rank 5 6 2 4 1 3 6 5 2 4 1 3 3 4 2 6 1 5
WL, 100 7% 20 50 10 40 7% 50 20 40 10 35 40 60 20 120 10 80
Consensus
Group I Kank 2 6 4 5 1 3 6 3 4 5 2 1 1 3 6 4 2 5
Ss 1-4 Wt. 20 150 100 130 10 25 250 50 100 150 20 10 10 60 140 120 20 130
Group 11 Rank 3 5.5 4 5.5 1 2 1 5 3 6 1 2 5 6 2 4 1 3
Ss 5-8 Wt. 25 100 50 100 10 20 60 80 40 100 10 20 180 200 20 120 10 S0
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Table 2.2a

SLIM Ratings Judges 1 to 4.

J1 J2 J3 Ja
Tasks A B C D E F A 8 € D E ¥ A 8 ¢ 9 £ F A B C D E F
1 70 50 80 30 70 90 90 100 70 20 O 69 80 70 45 80 0 75 80 30 10 20 20 70
2 65 65 78 45 55 70 50 50 20 50 10 20 80 75 35 50 0 80 30 60 50 50 80 70
3 B0 65 42 45 50 80 80 90 70 50 80 80 60 B0 40 50 0 65 70 9 50 70 75 80
- 60 65 45 70 58 75 80 90 50 9u 10 70 60 65 50 85 0 70 60 50 65 80 50 60
5 80 80 40 48 55 40 50 90 30 60 60 80 50 50 50 10 50 50 60 80 50 75 75 S0
6 65 65 90 40 43 45 90 70 90 ¥H 90 80 60 50 100 30 60 75 75 80 80 70 40 60
7 80 90 40 80 50 70 90 70 100 10 € 60 75 65 80 80 0 50 50 60 80 80 90 50
8 80 80U 35 45 50 55 90 80 90 40 0 70 -- 70 50 60 0 50 70 85 60 70 70 75
2 80 75 40 40 65 80 70 70 40 50 0O 90 60 70 40 80 0 50 60 80 40 20 20 70
10 70 70 60 20 50 30 50 90 50 60 10 90 65 80 50 85 30 65 70 9 50 70 20 80
11 55 68 65 65 50 47 60 90 70 9 10 9u 65 80 50 85 30 65 70 9 80 90 80 80
12 50 65 57 35 50 47 60 90 70 10 10 90 65 80 50 20 30 65 40 90 80 40 80 80
13 60 70 55 55 55 50 60 90 70 20 10 90 65 80 50 70 30 65 40 90 80 40 40 80
14 78 70 65 60 50 75 40 50 40 20 10 90 40 70 50 60 50 50 60 85 30 65 75 80
15 30 70 30 40 50 65 70 50 70 90 O 80 50 50 60 70 0 60 75 90 30 85 50 80
16 30 70 40 25 50 35 40 50 30 20 0O 90 60 60 50 75 0 60 6C 75 40 70 50 70
17 50 50 42 25 50 55 50 60 50 80 0 60 70 65 60 70 50 60 75 40 50 60 60 50
18 35 55 35 35 55 80 50 60 50 80 0 40 50 70 40 80 0 50 60 80 50 20 20 70
19 45 55 60U 45 50 70 50 70 90 50 10 60 70 70 70 65 O 30 60 75 30 75 75 3C
20 55 65 30 35 65 55 50 40 70 50 0 60 50 40 40 50 0 55 80 75 30 70 50 30
21 65 70 30 30 50 78 50 70 20 20 10 70 50 60 25 60 30 50 70 75 30 40 S0 70







an equal weights assumption, which is tantamount to not using the generic
weights. The additive scale resulting from this process is similar to the
Likert Scale technique which has been extensively employed in attitude and
personality testing (Edwards, 1957; Dawes, 1972). In many situations, the
equal weights model can be superior to the use of weights estimated by
regression analysis, (Dawes and Corrigan, 1974, Einhorn and Hogarth, 1975).

Usirg the equal weight data, the correlation increased to a significant
value of r= -0,60 (p less than 0.005, d.f.=19). A content analysis was car-
ried out to determine the degree of information that was present in the task
descriptions supplied to the subjects (see Appendix A of this volume). This,
together with the judges' comments, suggested that three of the tasks should
be eliminated from the analysis. The analysis was recalculated with data from
the remaining 18 tasks and the correlation coefficient increased to -0.71, (p
less that 0.001, d.f.=16). The logarithmic assumption of SLIM is therefore
supported by this result. This result must be considered parsimonious in that
equal weights methods can always be improved by combining them with appropri-
ate prior information (Einhorn and Hogarth, 1975 op.cit.). In other words, if
the judges have real knowledge concerning the relative importance of PSFs, the
weighting information should be used.

It should be emphasized that the use of generic PSF weights which apply
to groups of tasks is not necessarily negated by the results of this experi-
ment. However, it is important that tasks which are grouped together are
sufficiently homogeneous, such that the relative importance of the PSFs, in
terms of their effects on success likelihood, is identical tor all tasks in-
cluded within a particular set. A possible reason for the lack of success of
SLIM when generic weights were used was that they could not be meaningfully
applied to the three groupings of tasks the judges were instructed to use. If
the ta.ks had been properly categorized into categories for which common PSFs
and weights applied, then it seems likely that the use of the weighting
information would have been more effective. Phase [ of the Test Plan is
designed to develop procedures which would allow a task to be assigned to a
category for which common PSF weights apply (see Chapter 4 of this volume),

2.1.3.2 Comparison of SLIM Error Probability Estimates with Empirical Error
Probablities

This camparison required the conversion of the SLI values into probabil-
ities in order to compare them with the empirical data. A number of alterna-
tive methods are available for this process (see discussion in Section 2.3).
The first method investigated was the technique which is usually employed in
the Paired Comparison approach (Smith et. al., 1969; Seaver and Stillwell,
1983) of using the highest and lowest error probabilities and substituting
these into the basic SLIM relationship to produce a calibration equation.

This equation was then used to derive the Human Error Probabilities (HEPs) for
the various tasks from the corresponding SLI. The first comparison was to
calculate a product-moment correlation between these probability estimates and
the empirical probabilities. A low non-significant correlation was obtained.
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The reason for this can be seen by looking at Figure 2.1. The use of two
calibration points will produce meaningful results only if the method used by
the judges for generating SLI values for these tasks is the same as the method
for all the other tasks being evaluated.

T T T
10+ CORRELATION COEFFICIENT ..
r=-0.71 (n=18, sig p<0.001!)

00 95% CONFIDENCE LIMITS| _
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SUCCESS LIKELIHOOD INDEX

Figure 2.1 Graph of SLI (calculated using equal weights) vs
log empirical human error probabilities showing
the best fitting linear regression line.

The lower HEP calibration point lies some distance from the regression
line for the data as a whole. The use of a calibration equation which is
based solely on the Towest and the highest WP probability point will there-
fore not adequately represent the whole data .et regarding the relationship
between HEPs and SLIs. The alternative calibration approach is to use the
regression equation which can be calculated if the number of tasks available
with known HEPs is sufficiently large. The regression line and equation which
was calculated for all 18 data points is shown in Figure 4.2 in Volume I,
which is reproduced for convenience as Figure 2.1 in this Chapter, It is
apparent that the quality of the predictions made from a regression equation
approach will depend on several factors. The first is the degree of scatter
of the points around the regression line, which is a measure of the judges'
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consistency in generating SLI estimates. The size of the sample used to
generate the regression line is also important, and the degree to which the
sample typifies the population for which the regression equation will be used
for prediction. In the present experiment, the population of data can be
defined as the 18 tasks which were assessed. The regression equation
calculated from all these tasks can be used to calculate an estimate of the
log HEPs from the original SLI values generated by the judges. These
estimates represent the normative case, because they are calculated from the
largest and most representative sample (the entire data set). The dif-
ferences between these estimates and the empirical log HEPs are due to the
scatter of the SLI estimates around the regression line.

The estimates and their associated confidence 1imits are compared in
Table 2.3 with the empirical log HEP estimates together with their confidence
limits, The confidence limits for the empirical data points were calculated
from the normal approximation to the binomial distribution. The error prob-
abilities for the tasks used in this study were calculated from much larger
denominators than would be available for the high risk scenarios considered in
nuc lear power plant PRAs, Hence, the 95% confidence limits around the esti-
mates are quite small,

Table 2.3 Comparison of Empirical and SLIM Estimated Error
Probabilities for 18 Tasks.

log p (error) log p (error)
Actual Estimated

Task Numerator Denominator UB X LB UB X LB

1 a7 1368 «1.50 <1,50 <1,50 <0,93 <1,29 =-1.65
2 53 272 «0,70 «0,71 =0,72 =1,14 -1.,49 -1.84
3 114 12000 «2,02 2,02 2,02 -1.,60 -2,08 <2,56
4 596 9306 «1.19 =1,19 -1,19 =-1,63 <2,12 -2.61
6 Not Known Not Known ? -4.,30 ? «2,10 <2,95 -3.80
7 492 16800 «1.53 =-1,53 =1,53 «1.53 -1.,97 =-2.4]
K 13 80 0,77 «0,79 <0,81 <0,74 -1,13 -1,52
10 17 2631 -2,19 -2,19 -2,19 0,80 -1.,18 =-1,56
11 B 2631 «2.,51 2,52 <2.52 1,72 2,21 -2.82
13 11 2631 «2,37 2,38 2,38 <0,77 <1,15 <1,53
14 6 207 «1.51 =<1,54 -1.56 =<1,38 1,77 <2.16
15 13.5 133 0,97 -0,99 <1,01 0,77 =-1,15 =1,53
16 9 140 «1,17 =1,18 =-1,22 -0,40 «0,86 =1,32
17 22 300 «1,12 =1,13 «1.15 «1.,24 -1.60 «1.,9
18 22 64 0,45 «0,47 -0,48 0,32 -0,80 -1,28
19 47 160 «0,52 =~0,53 -0,54 «1.,28 =1,64 2,00
20 23 36 0,18 «0,19 -0,21 +0.,84 +0,04 0,80
21 2 10 -0,56 «0,70 =0,9] -0,04 <0,60 =<1,16
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with the HEPs estimated by SLIM, the largest 95% confidence interval is
1.7 1og units and the smallest 0.7 1og units. For 11 out of the 18 tasks, the
HEP estimates generated by SLIM include the empirical HEP point estimates
within the 95% confidence interval. Another way to assess the accuracy of
SLIM is to consider the degree to which the estimated mean HEPs fall within
the range of one order of magnitude about the empirical HEP means. In 12 of
the 18 tasks, the SLIM estimates reach this level of precision, which is
generally considered to be adequate for PRA purposes. Given the inexperience
of the judges and the use of equal weights, these results must be regarded as
being reasonably promising.

It may be argued that the level of precision attainable by this pro-
cedure is unrealistic, because in a real application the regression equation
would have to be estimated by a subset of calibration tasks. We can simulate
this situation by randomly choosing samples from the existing data set and
calculating the regression line in each case. Figure 2.2 illustrates this
using 10 randam samples of 12 tasks.

30

log EMPIRICAL HEP

— — —REGRESSION LINE -
FROM ALL DATA POINTS \\,

40+ ™~

40 50 60 70
SUCCESS LIKELIHOOD INDEX

Figqure 2.2 Regression 1ines generated by random selection
of 12 calibration points from a data set of 18,
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It can be seen that if the SLIs were converted to probabilities using one
of the subset regression lines, the results would be very similar to using the
global regression line, Obviously, the less the scatter of the original data
points about the regression line, the closer the approximation of any regres-
sion line fitted through a subset of the data to the general regression line,

2.1.4 Conclusions Regarding the Phase | Experimental Study

Among the insights producea by the study using basic SLIM, the first was
the critical importance of an effective classification scheme, Detailed
procedures for the development of such a scheme are given in Chapter 4 of this
volume,

Although it was necessary to calculate the SLIs without the weighting
data, the study demonstrated that the assumption of a logarithmic relationship
between SLIs and HEPs was a reasonable one. This result provides increased
confidence for the assumption that the logarithmic relationship may be em=
ployed generally for the conversion of SLIs to HEPs,

The SLI values obtained in the experiment were converted to log HEPs
using the regression equation obtained from the overall data set. Given the
lack of experience of the judges, and the use of rating data alone, the log
HEPs obtained by this method showed a reasonably good correspondence with the
empirically determined HEPs for most of the tasks considered,

Although this exercise cannot in any sense be regarded as a validation
study, it further confirms the viability of SLIM as an approach to human
reliability assessment,

2.2 Phase Il Research: Field Study Using Basic SLIM

An overview of the field study utilizing the basic SLIM technique has
already been presented in Section 5.2 of Volume I. This study involved the
assessment of eight critical human actions in five severe accident sequences
for two BWRS and two PWRs, In this section, this study will be considered in
more detail,

The pool of judges used for the field study consisted of 12 individuals
including PRA specialists, a human factors engineer, a themohydraulics ex-
pert, and simulator trainers who had experience in some of the plants being
assessed,

The seven PSFs used in the study, defined and described in Appendix A,
were as follows:

Quality of design
Meaningfulness of procedures
Role of operations

Existence of teams

Stress

Morale/motivation

Competence

N B W N -
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Ihe three design dimensions considered in the first PSF were the quality
of the displays, the degree to which operators were involved in design
modi fications, and the automation of routine functions. Meaningfulness of
procedures was assessed in terms of their realism, the provision of location
aids to indicate the position of items referred to in the procedures, the
extent to which they kept the operators in touch with the plant, and the
degree of operator involvement in their preparation., An additional dimension
of “comprehensibility" was added by the assessment group.

The role of operations was a global PSF referring to the degree to which
operations was prominent, Typical dimensions included the amount of paper-
work and the relationship of operations to other departments in the plant,
e.g., maintenance. The team's PSF included dimensions such as the existence
of shifts which allowed teams to stay together and clearly defined operational
roles, Stress was defined in temms of the resources available to the crew to
meet demands, as affected by time constraints and the effects of shift systems
on individuals, Conflicts between safety and availability goals were also
regarded as producing negative stress.

Morale and motivation were regarded as a function of the professional
status of the operating team, and the existence of a career structure, The
competence PSF was assessed in terms of the amount of appropriate training
received together with the extent to which an effective certification process
existed,

Five plant-specific scenarios involving eight operator actions were
evaluated in the field study. The scenarios and actions are summarized in
Table 2.4 Because actions 7 and 8 were evaluated within a single scenario
(i.e., for the same nuclear plant), judges believed the PSF weights and
ratings would be identical for each action., As a result, the calculated SLI
value for both actions is also identical. However, different HEPs were
obtained by using different best and worst case estimates in each scenario.
Thus, although eight actions were evaluated, only seven distinct data points
are available and this is reflected in the various analyses performed,

Several aspects of this study are of particular methodological interest
and will therefore be discussed in more detail,

2.2.1 Comparison of Alternative Aggregation Procedures

Two procedures for aggregating the individual judgments to arrive at
overall HEP values for each human action were used, In the first method, in-
dividual SLIs were derived from the individual weights and ratings for the
seven PSFs, These were converted to lcg HEPs using each individual's absolute
probability estimates of the best and worst case HEPs to derive separate
calibration equations for each scenario, The resulting individual estimates
of the log HEP for the action being evaluated were then aggregated by taking
their geometric mean to arrive at the overall log HEP, (This is the
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Table 2.4 Scenarios Evaluated and Critical Actions Quantified
in SLIM Field Study.

Scenario
Accident Accident

No. Reactor*  Sequence Code Description Operator Acttons

1 PR SoM Small-break loss-of-coolant acci- 1. Operator fails to respond to
dent with failyre of emergency Tow-low refueling water
core coolant system recirculation. storage tank (RWST) alarmm.

2. Operator fails to recover
above failure,

2 Bk | Touv Trancient event initiated by loss 3. Operator fails to use auto-
of off-site power with failure matic depressurization system
of all reactor inventory makeup. (ADS) and low pressure injec-

jection (LP1) following loss
of high pressure injection.

3 PR ? SoH Small-break loss-of-coolant acci- 4. Operator fails to prevent
dent with failure of emergency refueling water storage tamk
core coolant system recirculation, (RWST) from emptying before

recirculation is achieved.

5. Operator fails to recover
above failure by depressuri-
zation and low pressure re-
circulation (LPR),

4 BwWR? TC Transient initiating event with 6. Dperator fails to recover
fiilure to achieve reactor from anticipated transient
subcriticality. without Scram (ATWS).

5 AWk 2 ™ Transient iniating event with 7. Operator fails to recover
failure of residual heat re- when main steam isolation
moval (RHR) system to remove valve (MSIV) is isolated but
heat from suppression pool. power conversion system (PCS)

is available.

8, Operator fails to recover
when power conversion System
(PCS) is lost but control
rod drive mechanism (CRDM) is
available.

*Judges evaluated the five scenarios with reference to specific operating reactors. Names of specific
reactors are not presented here for proprietary reasons,

method for aggregating log HEPs; see Seaver and Stillwell, 1983.) The required
HEP was then derived by taking the antilog. This procedure was repeated for
each action being evaluated.

The alternative procedure was carried out during the SLIM session itself.
The arithmetic means of the individual weights and ratings for the seven PSFs
were obtained and these were combined to give an overall SLI. Using the con-
sensus absolute judgments for the best and worst case HEPs as calibration
points, the HEP value for the action being assessed was derived.

It will be apparent that although the first of these procedures involves
purely mathematical aggregation, the second is only a consensus procedure to
the extent that it involves the use of consensus values for the calibration
points. A correlated t-test was performed to investigate whether the HEPs
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derived by these two procedures differed significantly. The obtained t value
(t = 0,210) indicates no significant difference between the HEPs derived by
these two methods (for significance at p <0,01, t must exceed 3.143 at 6
dof-)o

2.2.2 Inter-judge Consistency

Although a total of 12 judges participated in assessing tasks, only 3
judges took part in all SLIM sessions. It was therefore only possible to
calculate inter-judge consistency measures for these three judges. The
procedure described in Seaver and Stillwell (1983) was used to calculate
inter-judge consistency. This first involved carrying out a two-way analysis
of variance (ANOVA) using the individual log HEPs as the dependent variable
and actions evaluated and the judges as the factors. The resulting ANOVA
table is shown below:

Source SS df MS F_Ratio
Action evaluated (A) 27.06 6 4,51 15.24*
Judges (J) 0.10 2 0.05 0.169
Axd 3.55 12 0.296 -
Total 30,71 20 - L
*p <0.001

The results of this analysis indicate that most of the variability in the
l1og HEPs is due to differences between the éctions evaluated. There are no
significant differences between judges.

The intraclass correlation coefficient, representing the average correla-
tion between the estimates of each pair of experts, can also be calculated as
follows:

__ F-1  _15.28 -1 _
P ErTe T TEgeT - 06704

This result approaches significance (p = <.10, d.f. = 5) and indicates mod-
erate agreement between judges.

2.2.3 \Uncertainty Bounds

The uncertainty bounds on the HEPs derived from data of the three judges
considered in the last section were obtained using the method described in
Section 2.3.6, The average uncertainty (+2 standard errors) about the log HEP
estimates was 1,04 log units, the range being 2,14 to 0,34, An uncertainty of
one order of magnitude would generally be regarded as acceptable for PRA
purposes. Only one estimate exceeded this criterion,
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2.2.4 Sensitivity Analysis

To make design recommendations, it is important to be able to identify
which PSFs judges perceive to have the greatest effect on the probability of
success or failure. SLIM's ability to provide this information is an
important advantage over other approaches.

A two-way analysis of variance was performed using the PSF weights as the
dependent variable and the PSF categories and the actions evaluated as the two
factors. The results of this analysis are reproduced below:

Source SS df MS F Ratio
PSF (P) 26,360,81 6 4,393.47 31.57*
Actions evaluated (A) 859.94 6 143,32 1.03 N.S.
[P x A 5,009.52 36 139.15 -
Total 32,310.15 48 -- --
*p <.001

The ANOVA suggests that there are significant differences between the im-
portance weights assigned to the different PSFs. To investigate these dif-
ferences further, multiple comparisons were carried out using Scheffe's
method.

This indicated the following statistically significant differences in the
importance weights:

e Competence was perceived to be more important than design, stress,
morale, and role of operations.

o Competence, teams, and procedures were all perceived to be more
important than stress, morale, and the role of operations.

e Design was more important than morale and role of operations.
e Stress was more important than role of operations.

Al1 these differences in importance are statistically significant. The
ranking of the various PSFs in terms of importance was as follows:

Normalized
PSF Mean Weight Mean Weight
Competence 93.80 0.20
Teams 86.91 0.19
Procedures 85.71 0.19
Design 68.47 0.14
Stress 58.24 0.13
Morale 3..80 0.08
Role of operations 31.60 0.07
L = z‘;:o§§ I = I-Uu
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This analysis indicates that, in terms of cost-effectiveness, the
greatest imgrovements in HEPs for all the actions considered would be gained
by investing resources in the areas of training (to improve competence), fol-
lowed by providing for effective team structures and improvements in pro-
cedures.

The finding within the ANOVA that there was no significant interaction
between the PSF categories and the actions evaluated indicates that the
pattern of PSF weights did not differ significantly between the actions being
evaluated. This suggests that it would have been possible to use a generic
set of PSF weights in this case. However, this could not have been estab-
lished a priori without the existence of a valid task classification scheme.

2.2.5 Analysis of Rating Data

The data were subjected to an analysis similar to that applied to the
importance weights. In this instance, the PSF ratings are the dependent
variables, with the PSF categories and the actions evaluated the two factors.
The ANOVA table is given below:

Source SS df MS F-Ratio
PSF (P) 3780.39 6 630.07 5.70*
Action evaluated (A) 3993.21 6 655.54 6.02*
[PXA] 3981.37 36 110.59 --
Total 32,310.15 48 -- --
*p<0.01

Multiple camparison tests were carried out to investigate the nature of
the PSF main effect. The ranking of the mean ratings i1s given below:

PSF Mean Rating
Teams 72.68
Competence 69.26
Design 66.49
Procedures 64.16
Role of Operations 61.92
Morale 57.81
Stress 43,84

As might be expected for the scenarios being evaluated, the stress rating
PSF is significantly lower (worse) than for the teams, competence, and design
PSFs. The results also suggest that some attention should be paid to improving
morale, although the importance weights analysis suggest that this does not
have a large impact on the probability of success for the actions being
assessed.

The existence of significant differences between the actions being evalu-
ated indicates that the mean ratings, when all the PSFs are aggregated to-
gether, differ between the scenarios. The mean of the PSF ratings can be
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regarded as a measure of the overall "quality" of the plants with regard to

the scenarios under consideration. It should be noted, however, that the
ranking of quality is not necessarily identical to the ranking of likelihood

of success for the actions being evaluated, since the ratings are subsequently

?ombi;ed with the importance weights to give the Success Likelihood Indices
SLIs).

2.2.6 Conclusions from the Field Study

The analyses discussed in the preceding sections indicate the versatility
of the SLIM technique. The numerical values obtained for the actions
evaluated are summarized in Tables 2.5 and 2.6. As discussed in Section 5 of
Volume I and Section 2.2.1 of this volume, the SLI values in this study were
converted to HEPs using absolute probability judgments for the best and worst
case conditions, Because the judges were not unanimous in their judgments of
the best and worst case HEPs for these conditions, alternative estimates for
the derived HEPs are presented in Table 2.5. In Table 2.6, single HEP
estimates are derived for all the scenarios by taking the geometric mean of
the absclute probability judgments for the best and worst case HEPs where
complete conser.us was lacking., Table 2.6 also contains 95% confidence limits
estimated by the techniques discussed in Section 1.10.6 of this volume.

In addition to HEP estimates, the technique produces a wide variety of
other outputs which could be used for systems analysis and design purposes,
For example, the weights assigned to the PSFs for each action evaluated in-
dicate the relative importance of design factors such as training and pro-
cedures in reducing the likelihood of error. This could be used to evaluate
the merit of different design solutions to improving human reliability,

2.3 Overview and Discussion of Phase I and Phase ! Research

The results of the Phase I experimental study provided support for the
assumed logarithmic calibration function between SLIs and HEPs. It also
demonstrated that even with inexperienced judges, SLIM was capable of generat-
ing HEPs comparable to empirically determined HEPs for a high proprotion of
the tasks considered in this exercise, It seems reasonable to assume that
these results could be improved upon if reliable weighting data were available
and if the judges were experienced in the use of the technique.

The Phase Il study indicated that the technique could be used as part of
a PRA study for evaluating HEPs for critical actions in nuclear power plant
accident sequences. The technique appeared to have a high degree of user
acceptability, and the judges felt they had gained new insights into the
nature of the human actions which could impact on safety in the scenarios
considered.

Phases I and Il constituted a learning period in the development of SLIM
and indicated not only SLIM's strengths, but also areas where the basic
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Table 2.5 Summary of SLIM Quantification Results.

Operator Best Worst
Scenario Action Case Pf Case Pf SLI HEP
1. PWR 1 1. Fails to respond 10-4 10-2 76 3.0 x 10-4
to low=-low RWST
alarm,
2. Fails to recover 10-3 5 x 102 64 9,5 x 10-3
from failure. 5 x 10-2 5 x 10-1 64 1.2 x 10-1
2. BWR 1 3. Fails to use ADS 10-4 10-2 65 5.0 x 10-4
and LPI following 10-5 10-2 65 1.0 x 10-4
loss of off-site
power and HPI.
3. PWR 2 4, Fails to prevent 5 x 10-3 2 x 10-1 70 1.5 x 10-2
RWST emptying
before recircula-
tion achieved.
5. Recover from 5 x 10-2 5 x 10-1 46 1.7 x 10-1
failure.
4, BWR 2 6. Failure to re- 5 x 10-2 5 x 10-1 55 1.4 x 10-1
cover from ATWS.
5. BWR 2 7. Failure to ~e- 10~ 10-3 70 2.0 x 10-4
cover TW '/hen 10~6 10-3 70 8.0 x 10-6
MSIVs isolated
but PCS
available.
8. Failure to re- 10-2 10-1 70 2.0 x 10-2

cover when PCS
lost but CRDM
available.
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Table 2.6 HEP Values and Confidence Limits Fram SLIM Using Geometric

Means of Nonconsensus Boundary Conditions.

Operator 95% Confidence
Scenario Action HEP Limits
1. PR 1 1. Fails to respond to 3.0 x 10-4 1.2 x 1004 7.6 x 10-4
low-1ow RWST alarm.
2. Fails to recover 3.3 x 10-2* 1.2 x 1002 9,1 x 102
from failure.
2. BWR 1 3. Fails to use ADS 2.4 x 10°% 4.8 x 105 1.2 x 10-3
and LPI following
loss of off-site
power and HPI.
3. PWR 2 4, Fails to prevent 1.5 x 10-2 6.9 x 10-3 3.5 x 10-2
RWST emptying be-
fore recirculation
achieved.
5. Recovery from 1.7 x 10-1 1.2 x 101 2.6 x 10-1
failure.
4, BWR 2 6. Failure to recover 1.4 x 10-1 1.2 x 10-2 1.0
from ATWS.
5. BWR 2 7. Failure to recover 4,0 x 10=5* 1.2 x 10-5 1.4 x 10-4
TW when MSIVs
isolated but PCS
available.
8. Failure to recover 2.0 x 10-2 5.8 x 10-3 6.9 x 10-2

when PCS lost but
CRDM available,

*Ubtained by taking yeometric mean of boundary conditions.
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technique appeared to have weaknesses. In particular, it appeared that a more
systematic method for eliciting PSFs from judges was needed. Difficulties
were also encountered in ensuring that the PSFs utilized were truly
independent as is required by the additive MAUT model underlying SLIM,

Another area of concern was the question of how to deal with PSFs such as
stress, where the effects on the likelihood of success are not linear (i.e.,
the likelihood of success would probably be degraded by very high or very low
values of stress, but facilitated by moderate levels). Finally, it appeared
that @ more sophisticated approach to deriving the PSF weights was necessary
to ensure that a common baseline was used for the evaluation of all the
actions in a set.

These problems can be solved with the MAUD implementation of SLIM using
the MAUD technology (SLIM-MAUD) as discussed in Chaoter 1. Chapter 3 provides
a detailed description of the procedures for using MAUD, together with an
example of a typical SLIM-MAUD session. It is recommended that, wherever
possible, SLIM be implemented using MAUD in future applications of the
approach.
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3.  STAND-ALONE PROCEDURES FOR IMPLEMENTING SLIM WITH MAUDS
3.1 Obtaining MAUDS

MAUDS is software proprietary to, and marketed by, the Decision Analysis
Unit, London School of Economics. Versions of MAUDS exist for a wide variety
of microcamputers. The microcamputer configuration needed to run MAUD
requires a minimun of 64K random-access memory, two 5-1/4-inch floppy disks
(or one floppy disk and a hard disk), and a printer. It must either run under
the CP/M operating system (and accept standard CP/M files) or conform to
IBM/PC DOS standards.

MAUDS may be obtained by .ne Decision Analysis Unit by completing the
form in Appendix D, which requests specific information about the computer on
which MAUD will be run. The user is required to sign an end-user license for
MAUDS (details of this license are given in Appendix D). The license is valid
indefinitely and the purchase price reflects the number of copies of MAUDS the
end user may have in operation at any one time.

On receipt of assigned end user license, the Decision Analysis Unit will
supply the user with a 5-1/4 inch diskette containing the complete set of com-
piled programs and system files which comprise MAUD5. The end user should
treat this disk as a master disk. The first step on receipt of the disk
should thus be

e Format a blank disk on the microcomputer
e Copy the camputer's operating system to this disk
o Copy the whole of the masier dick to this disk

This results in the MAUDS working disk, ready for use.

3.2 Configuring MAUD5 to Implement SLIM

MAUDS is supplied as a general purpose system for aiding expert judges in
making assessments and decisions. To implement SLIM using MAUD5, the program
M5CONFIG supplied with MAUDS must be used to change the default text used
within MAUD to that required to impiement SLIM. MS5CONFIG need only be run
when first installing MAUDS for implementation. The SLIM-MAUD text will then
be presented to the user each time MAUDS is run (until and unless MS5CONFIG is
run to change the text again).

To run MS5CONFIG, proceed as follows:

e Insert the MAUDS working disk in drive A of your computer

e After you have loaded the computer's operating system the following
prompt will appear:

A>
Type MSCONFIG followed by pressing the RETURN or ENTER key.
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MSCONFIG will then proceed to guide you interactively through the configura-
tion procedure. The text below shows this procedure frame-by-frame when
implementing SLIM-MAUD. A1l user inputs are shown underlined to distinguish
them from the text generated by M5CONFIG.

0

Frame 1

Do you want to re-configure the screen control functions for MAUDS on
your console? NO

(Please type YES or NO, using the keyboard like a typewriter, and then
press the key marked return. If you prefer, you can type Y for "YES"
and N for “NO." Make sure that the "“caps lock" key is depressed on
the keyboard as MAUD will not accept lower case command characters.)

[Answering “Y" to this question is only necessary when moving MAUD to a

computer with a different type of VDU from that for which MAUDS was supplied
to the end user.]

Frame 2

Do you want to revise the text used within MAUD5? Y. You can:

(1) Revise the current text
(2) Restore the default text
(3) Revise the default text.

Which would you like to do?
Please type your option number ; 3

[1f at some future time revisions need to be made to the text implement-

ing SLIM=MAUD, then option 1 can be used instead of option 3.]

Frame 3

MAUDS starts with a 15-1ine introductory frame., At present, it
appears like this;

>
>
>
>
>
>
> This computer is set up to help you think about
> a decision you wish to make,
>
>
>
>
>
b
>

Do you wish to change this? Y
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» Frame 4

Please type in your new text (a maximum of 15 lines)

>This computer is set up to help 12% assess the likelihood of success of
>various courses of action in the situation you wish to consider.

>

>The assumgtion of the success likelihood index methodology (SLIM) used here
>is that the Tikelihood of task success is a function of certain key factors
>in the situation, known as Performance Shaping Factors (PSFs).

>

>Here, SLIM is implemented through MAUDS, a system which helps you identify
>the important PSFs on which the courses of action are to be assessed.

>

>MAUDS also provides techniques for identifying the relative importance of
>these factors and for assessing the SLI for each course of action. Each SLI
>can be transformed into a probability of success provided you can supply
>probabiTity of success assessments for two reference courses of action among
>the set of actions you have been considering.

Is this frame 0K? Y

gEach of the 12 lines of text to the right of > were typed in by the
user,

] Frame 5

Currently, MAUDS aims to help the user in
>making your decision

Do you wish to change this? Y
Please type in your new text
>determining likelihood of success

L] Frame 6

The user is expected to develop his or her
>preferences

Do you wish to change this? Y
Please type in your new text
>assessments of likelihood of success

. Frame 7

The alternatives are rated on dimensions, each of which is
currently called an
>aspect

Do you wish to change this? Y
Please type in your new text
>performance shaping factor
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Frame 8

Currently, the user is asked to define his or her own name
for the set of alternatives under consideration

Do you wish to change this? Y
Do you wish the user to define his or her own input? N
Please supply a new name for the set of alternatives

In singular form, each alternative is a >course of action
In plural form, all alternatives are >courses of action

Frame 9

The user is given an example of a performance shaping factor
where some alternatives are characterized as

>interesting

and other alternatives are characterized as

>boring

Do you wish to change this? Y

Please supply your new example:

Some alternatives should be characterized as >simple

and other alternatives should be characterized as >comglex
Frame 10

Numerical values assigned by MAUDS to alternatives are currently called
spreference values

Do you wish to change this? Y

Please type in your new text
>success likelihood indices

Frame 11

The verb describing the basis for choosing an alternative
is to >prefer

Do you wish to change this? Y

Please type in your new text
>assess as most likely to succeed
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[] Frame 12

MAUDS currently asks for the title for the session with the question
WHAT 1S > YOUR NAME

Do you wish to change this? Y
Please type in your new text
WHAT IS > THE TITLE FOR THIS SESSION?

. Frame 13
Are all the changes you have made to the text 0K? Y

[At this point, the configuration of MAUD5 to implement SLIM is complete.
M5CONFIG saves all the complete changed text on the MAUDS diskette and returns
the user to the operating system which will return the prompt:]

A>

[Sessions with MAUDS implementing SLIM may be run now, or at any subsequent
time.

The above configuration sets up MAUD to implement SLIM using text in
accord with the protocols defined in the Test Plan described in Section 4 of
this volume. These protocols may be changed as a result of practical ex-
periences with MAUD implementations of SLIM during the test plan and subse-
quently. Advice on the most appropriate configuration of MAUD to implement
SLIM in any particular context will continue to be available at all times from
Human Reliability Associates, Ltd.]

3.3 Ascertaining {asks to be Analyzed

The implementation of SLIM using MAUD has the advantage that MAUD pro-
vides interactive guidance for users unfamiliar with the system. The only
prerequisite for using MAUD in a SLIM-MAUD session is that the user has as-
certained a homogeneous set of tasks for which he or she wishes to assess SLI
values. A set of tasks is considered "homogeneous" if the successful perfor-
mance of each task in the set depends upon a common set of PSFs., Homogeneity
of tasks can be detemmined in practice in one of two ways: (1) by reference
to a pre-constructed task taxonomy or (2) by grouping of tasks according to
direct judyments of homogeneity by the user. Under option 1, the judge has
simply to ensure that the tasks selected for assessment in the SLIM-MAUD ses-
sion share common features which place them all in the same cell of a pre-
constructed task taxonomy, If the complete set of tasks to be assessed falls
into more than one cell in this taxonamy, then the required procedure is to
form subsets of tasks, each comprised of all the tasks that were classified
into a particular cell. The user then proceeds to use the MAUD implementation
in assessing each subset in turn, This sequence is summarized in Figure 3.1.
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[dentify Complete Set of
(1) Tasks for Which SLIs
Have to be Assessed

(2) Refer Tasks to Simple
Task Taxonomy

Select First
Subset of Tasks
(3) (A1l Those Which
Fall into a
Particular Cell)

J

Tasks Fall in
Same Cell in

[ (4) Commence Session
With MAUD
-Pretraining
-PSF/Elicitation All
-Assessment of Procedures
Tasks on PSFs Under
-Weighting of PSFs|Interactive
-Calculation of Supervision
SLIs for Al]l of MAUD
Tasks in Subsets

Any \
More Subsets
of Tasks to
Assess?

Select Next
(5) Subset of
Tasks

Figure 3.1 Outline of procedure for assessment of SLIs for a set of
tasks in a MAUD-based implementation of SLIM,



The Test Plan described in Chapter 4 provides methodology for the de-
velopment of simple task taxonomies for the level A and B tasks described in
Appendix C. This methodology may be used to develop a number of precon-
structed task taxonomies, but there are still likely to be many instances
where the judge is confronted with a set of tasks to assess for which no
preconstructed task taxonomy exists.

In this case the recommended procedure, replacing step 2 in Figure 3.1,
is as follows:

1. Copy a short description of each task situation onto a file card
(4"x6" or 5"x7").

2. Present the complete set of cards to the SLIM-MAUD user with the
following instructions:

In order to use MAUD to implement SLIM, the tasks to be assessed must
first be sorted into a number of groups, with each group comprising
not less than 4, and not more than 10 tasks. Sort the tasks so that
the likelihood of success of performance of any and all of the tasks
you sort into any one group depends on their ratings on a common set
of performance shaping factors. It is not necessary to identify the-
se factors at the present time. Please examine all the tasks on the-
se cards (give the user the set of cards) and sort them into groups
on the table in front of you, arranging and rearranging the groups
until you are satisfied that the tasks sorted into each group meet
this criterion.

3. Allow the user to develop the subsets of tasks to be assessed within
MAUD through following these instructions. When he or she is satis-
fied with the final grouping of tasks, take each subset in turn and
assiss them as a group through the use of MAUD (step 4 in Figure
3l).*

The example given in Section 3.4 (below) of the use of MAUD to impl ement
SLIM on a subset of tasks was based upon the prior division of the set of 15
level A tasks given in Appendix C into three subsets by the user, following
the instructions given above. The subsets identified were as follows:

o Task subset I, comprising tasks 1, 2, 3, 10,
o Task subset II, camprising tasks 4, 5, 6, 7, 8, 15
e Task subset [II, comprising tasks 9, 11, 12, 13, 14,

*[f the user isolated a qroup of less than four tasks, then reference tasks or
variants of the tasks specified in this "isolated" group, which meet the
homogeneity criterion, may be added to increase the number of tasks to be
assessed through the use of MAUD to four or more.
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Section 3,4 describes the procedure used within step 4 of Figure 3.1 for

set | of the above three subsets., Descriptions of the tasks on this subset
are given in Table 3.1. A complete assessment of all 15 level tasks described
in Appendix C would require that step 4 be executed three times (1.e., once
for each of the subsets,)

Table 3.1 Subset | of Level A Tasks Selected by the “SLIM=MAUD" User.

Task I: EDS MAN ACT

During a loss-of-off-site power transient, several failures have rendered
the high pressure coolant injection (HPCIS and the reactor core isolation
cooling (RCIC) systems inoperable, Core cooling can be established with
either low pressure coolant injection or low pressure core spray, but pres-
sure must be reduced first, Procedural guidelines specify manuaf actuation
of the automatic depressurization system (ADS) to reduce pressure, What is
the likelihood that the operator will fail to actuate the ADS manually
within 10 minutes?

Task 2: RCIC MAN

During a loss-of-off-site power transient, the generator has tripped, the
reactor has scrammed, and the normal feedwater system is inoperable,
According to the procedures, the reactor water level should be recovered
and maintained by manually operating the reactor core isolation cooling
(RCIC) system, What is the likelihood that the operator will fail to oper=
ate the RCIC system correctly?

Task 3: NIS INSERT

During a loss-of-off-site power transient, the generator has tripped, the
reactor has scrammed, and the normal feedwater system is inoperable, Ac-
cording to the emergency procedures, the operator must operate the nuclear
instrumentation system by inserting the source and intermediate range moni-
tors to verify that reactor power is decreased following the scram, What is
the likelihood that the operator will fail to actuate the nuclear instru=
mentation system correctly?

Task 10: BLK OUT MALOP

A station blackout including total failure of the diesel generator system
has just occurred, After the first immediate steps have been taken, the
emergency procedures are referenced., What is the likelihood that the
operator will attempt to restore off-site power before he attempts to
restore power using the diesel generators?
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3.4 Using MAUD to Implement SLIM

3.4,1 Overview of an Assessment Session: MAUD-directed Interaction

MAUD takes control of all the interaction with the user required to exe-
cute the activities shown in Step 4 of the sequence shown in Figure 3.1, MAUD
is user friendly: it provides keyboard training to teach the user how to enter
data, and 1t provides menus at each option with clear descriptions of opera-
tions in common language to guide the user efficiently through the procedure
and any options he or she wishes to select, Most importantly, MAUD has com-
prehensive facilities for error detection, and informative corrective pro=
cedures, If a user makes an obvious mistake (e.g., selects a nonexistent
option, enters a data value out of range, etc.) then MAUD explains the mistake
to the user and asks for a correction., If a conceptual mistake is made (e.g.,
a PSF is identified which the user later wishes to delete, a data value is as-
sessed which the user later wishes to change, or a set of PSF weights is
assessed, but the user is not satisfied with the results, etc.) MAUD's re-
entrant editing procedures can be used to restructure any or all aspects of
the work completed to correct this conceptual mistake, MAUD will actively
assist in editing and correcting a conceptual mistake at the moment the user
becomes aware of it,

In addition, MAUD continuously monitors the coherence of the user's
performance in the session., So long as all goes well, this monitoring is
invisible to the user, but as soon as a coherence problem is detected, MAUD
intervenes, inviting the user to think about the problem it has identified in
his or her performance, and specifying the alternative options which can be
selected to put things right and continue the session, In this way MAUD will
usually spot the conceptual mistakes which the user has not detected.

Hence MAUD provides good guidance and training facilities for the naive
user, Validation studies of MAUD (e.g., John, Von Winterfield and Edwards,
1983) indicated that these facilities were approximately on a par with those
that could be provided by the continual presence throughout the session of a
facilitator skilled in wuse of the technique,

3.4,2 Training Required of Users

The procedure followed in the MAUD implementation of SLIM requires
minimal pretraining, MAUD itself undertakes the training by interactively
guiding a naive user through the program's procedures,

However, like any other assessment methodology, SLIM follows the rule
“garbage in = garbage out.," Therefore, it is presumed that the SLIM<MAUD user
will be expert with respect to knowledge of the relevance and relative impors-
tance of PSFs and the assessment of tasks on these PSFs, The aim of the
SLIM<MAUD procedure is to capture this expertise in an efficient and coherent
way as a basis for determining the SLIs of the set of tasks being assessed,
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3.4,3 Requirements for Running a Session to Implement SLIM Through MAUDS

The judge must be supplied with a computer configuration which meets the
specification given in Section 3.1. The MAUDS working disk must have pre-
viously been configured to implement SLIM, following the instructions given in
Section 3.2, A formatted disk which will hold the results of the session
(SLIs, rating on PSFs, etc.) must also be available, This disk will be
referred to in the following discussion as the “SLIM-MAUD data disk." The end
user may adopt whatever policy he or she wishes concerning the brand of
diskette and procedures for cataloging them., They can be formatted as
required using the standard procedures for disk fonnattin? or the end user's
microcomputer sessions, Each data disk can hold the results of between 15 and
60 SLIM=MAUD scenarios (depending upon the microcomputer's disk drive
capacity). Each session is given a name (which should be unique if a new
record is required on the SLIM<MAUD disk), and the session record can be
recalled at any time for subsequent use in interaction with MAUD, Copies of
these disks may be deposited in the SLIM data bank described in Section
1.1‘02.

3.4,4 Instructions for Starting a Session Implementing SLIM Through MAUDS

Users must have passed through the procedures in Figure 3.1 and reached
Step 4, They are then ready to commence the session with MAUDS, The follow-
ing instructions describe how to start the session,

-« Insert the MAUDS working disk in drive A of your computer,

-« Insert a SLIM<MAUD data disk in drive B of your computer,

- Make sure that the printer and VOU are properly connected to the
microcamputer and are on line,

- After you have loaded the computer's operating system, the following
prompt will appear:

A>»

- Respond by typing MAUDS on the keyboard. MAUDS will then guide you
through the SLIM assessment,

3.4,5 Example of a SLIM<MAUD Session

MAUD is a stand-alone set of procedures, with the details of the steps in
the procedures selfecontained within the MAUD program, Thus, rather than
present a further description of these procedures here, it 15 more useful to
provide a detailed example of MAUD's framesby-frame interaction with a user.
Accordingly, the remainder of this chapter reproduces a sequence of frames
(VDU images) which constituted a sessfon with MAUD, with minimal commentary,

The first frame shown 1s that which appears on the VDU screen directly
after the user, following the instructions I1n Section 3,4,4, has responded:

A>MAUDS
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and pressed RETURN, In this frame, and in all subsequent frames in the ses-
sion, any text input by the user has been underlined for purposes of clarity
(it was not underlined on the original VDU image). All other text was sup=-
plied by MAUD, As the system is dynamically interactive, often developing a
frame in interaction with the user before moving to the next, a static se-
quence of frames does not give a very good impression of the way MAUD oper-
ates and, as a linear sequence, does not illustrate the range of branching and
re-entrant options available. However, it does give some idea of the type of
dialogue employed when implementing SLIM,

. Frame 1

Q.'QQtt..t.t.'tl'.Q'.l.ii'ﬁ.'t"'*.("‘”05)'Qi".t.’t..'."'i'..ﬁﬁ.O.".i"‘l'.

>This computer is set up to hel gg% assess the likelihood of success of
>various courses of action in IEQ situation you wish to consider,

>

>The assuggtion of the success likelihood index methodology SLIHE used here
»1s that the 1ikelihood of task success is a function of certain key factors
»>Tn the situation, known as Performance Shaping factors (PSFs).

>

>Here, SLIM is implemented through MAUDS, a system which helps you identif
»the important FSF; on which the courses of action are to be assessed.

>

>MAUDS also provides techniques for identifying the relative importance of
>these Tactors and for assessing the SLI for each course of ac%gon. Each SLI
>can be transformed into a probability of success provided you can suppl
>probabiTity of success assessments for two reference courses of action among
>the set of actions you have been considering.

>

>Have you used the MAUD system before? NO

(Please type YES or NO, using the keyboard like a typewriter, and then press
the key marked RETURN, If you prefer, you can type Y for "YES" and N for
"NO.")
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Frame 2

MAUDS will work with you, using the words you give it.
It will ask you questions which are relevant

in determining likelihood of success.

It will allow you to make changes in your description of the
alternatives under consideration and your assessment of likelihood of

success as you wish,
When MAUD asks you a question, for example:
WHAT IS THE TITLE FOR THIS SESSION?

You should type in your answer from the keyboard.
Enter your answer now, and then press the key marked RETURN

LEVEL A TASKS SUBSET I

Frame 3

The title for this session will be LEVEL A TASKS SUBSET I

If you make a typing mistake, there are two ways of making corrections:
- If you notice the mistake before you press the RETURN button, you can
correct it by pressing the backspace button, which rubs out the

characters one at a time., You can then type the correct characters,
followed by pressing RETURN.

- If you notice th» mistake after you have pressed the RETURN button,
you will have to wait until the next opportunity MAUDS offers you to
make changes, However, these opportunities occur quite frequently.

Press RETURN to continue,

Frame 4

Are you starting this MAUDS session frogm scratch
(rather than starting with data on file from a previous session)? Y
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o Frame 5

Please think about the courses of action which are important in
determining likelihood of success

You must consider not less than 4 and not more than 10 courses

of action within the set of courses of action under consideration.
The name you give to each course of action can be whatever you like,
so long as you are clear to what it refers.

You may wish to consider not only courses of action which are
immediately available, but others which may become
availabie, or those which are useful for preference purposes,

Please keep the description of each course of action short;
type just one or two words.

] Frame 6

Please type in the name of a course of action
you want to consider

Its name is TASK 1: EDS MAN ACT

Now the next course of action you want to consider

Its name is TASK 2: RCIC MAN

Now the next course of action you want to consider

Its name 1s TASK 3: NIS INSERT

Now the next course of action you want to consider

Its name is TASK 10: BLK OUT MALOP

. Frame 7

Is there another course of action you want to consider? N
. Frame 8

The courses of action currently under consideration are:
1) TASK 1: EDS MAN ACT
2) TASK 2: RCIC MAN
3) TASK 3: NIS INSERT
4) TASK 4: BLK OUT MALOP

Do you want to change anything? N
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Frame 9

You are now going to be asked about differences

between courses of action. Try to think about differences

which are important to you in determining likelihood of success.
For instance, some people feel that certain courses of action
are simple while other courses of action are complex

and some courses of action are in-between.

This is just one example and it may not be relevant to you.
There are no right or wrong answers; it is important to try
to include those differences which you

think are important in detemmining likelihood of success
within the particular situation you are considering.

Press RETURN to continue.
Frame 10

Can you think of a performance shaping factor in which one of these
courses of action

(1) TASK 2: RCIC MAN
(2) TASK 3: NIS INSERT
(3) TASK 10: BLK OUT MALOP

is different from the other two in a way that matters to you in
determining likelihood of success? (Please answer YES or NO) Y

What is the number next to the course of action that is different? 3

Frame 11
You have said that TASK 10: BLK OUT MALOP is different from
TASK 2: RCIC MAN AND TASK 3: NIS INSERT

In not more than three words each time, please describe
how they differ,

First describe TASK 4: BLK OUT MALOP
TASK 10: BLK OUT MALOP IS: HIGHLY ABNORMAL

On the other hand,
TASK 2: RCIC MAN and
TASK 3: NIS INSERT are : FAIRLY NORMAL

Are you reasonably happy with this description? Y
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« Frame 12

It should be possible tuc give each course of action
a rating from 1 to 9 according to its position
on the scale

HIGHLY ABNORMAL
Your rating of TASK 1: EDS MAN ACT is
Your rating of TASK 2: RCIC MAN is
Your rating of TASK 3: NIS INSERT is
Your rating of TASK 4: BLK OUT MALOP is
to
Are these ratings OK ? Y

XN WN -

FATIRLY NORMAL

[If at this point the user is dissatisfied with the ratings, MAUD
provides the opportunity to edit the ratings or cancel the scale. Since in
the above example the user was satisfied with the ratings, MAUD continued by
eliciting the ideal point on the relevant PSF,)

- Frame 13

Thinking only about the performance shaping factor below, what position
on the scale would be IDEAL for a course of action
in the present context?

HIGHLY ABNORMAL
i
Your best possible value is : 9

2
3
4
5 to Is this rating OK? Y

6

7

8

9

FAIRLY NORMAL

[MAUD has not obtained sufficient information to rescale the ratings

about the ideal point in this PSF, so it returns to the method of triad
comparisons to obtain the second PSF,]
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Frame 14

Can you think of a performance shaping factor in which one of these
courses of action

(1) TASK 1: EDS MAN ACT
(2) TASK 2: RCIC MAN
(3) TASK 3: NIS INSERT

fs different from the other two in a way that matters to you in
determining likelihood of success? (Please answer YES or NO) Y

What is the number next to the course of action that is different? 1

Frame 15

You have said that TASK 1: EDS MAN ACT is different from
TASK 2: RCIC MAN and TASK 3: NIS INSERT

In not more than three words each time, please describe
how they differ,

First describe TASK 1: EDS MAN ACT
TASK 1: EDS MAN ACT is: HIGHLY STRESSFUL

On the other hand,
TASK 2: RCIC MAN and
TASK 3: NIS INSERT are: LESS STRESSFUL

Are you reasonably happy with th s description? Y

Frame 16

It should be possible to give each course of action
a rating of 1 to 9 according to its position
on the scale

HIGHLY STRESSFUL

1 Your rating of TASK 1: EDS MAN ACT is 3
Your rating of TASK 2: RCIC MAN is §

3 Your rating of TASK 3: NIS INSERT is 7
4 Your rating of TASK 4: BLK OUT MALOP  1s T
5 to

6 Are these ratings OK? Y

l

8

9
LESS STRESSFUL
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. Frame 17
Thinking only about the performance shaping factor below, what position

on the scale would be IDEAL for a course of action
in the present context?

HIGHLY STRESSFUL

1

2 Your best possible value fs : 9
3

4

5 to Is this rating OK? Y

6

7

8

9
LESS STRESSFUL

. Frame 18

Your assessments of likelihood of success for the courses of action under
consideration in terms of their ratings on the scale ranging from MIGMLY
ABNORMAL TO FAIRLY NORMAL seem very much the same as your assessments of
l1kelihood of success for the courses of action in terms of their ratings
on the scale ranging from HIGHLY STRESSFUL to LESS STRESSFUL.

Does this mean that these two scales have very
similar meanings for you? N

0K
Press RETURN to continue

[MAUD automatically checks for preference independence (in terms of pro=
moting likelihood of success) between the ratings on each PSF, as 1t 1s
entered, and all other PSFs already entered., In this case, MAUD discovers
that the preference (l-scaled) ratings on the PSF %u;t entered were very
nearly the same as those on the first PSF entered (scaled from MIGHLY ABNORMAL
to FAIRLY NORMAL ), MAUD, having detected a possible violation of preference
Independence, asked the question shown in Frame 18 to see whether these two
PSFs should be restructured to maintain preference independence,

The judge, however, answered MAUD's question in the negative, because the

source of nonindependence lay in the environment (abnormal situations tend
also to be stressful), rather than in the nature of PSFs elicited,
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Mence, MAUD allows the two PSFs to stand, gives the Judr the opportunity to
review and edit the information already put in, and will allow direct input of
information (without the method of triad difference) if the user indicates a
preference for this type of elicitation (Frames 18 to 20).]

e Fr 9

Would you like to be reminded of the information
you have put in so far? N

[1f the user had answered "yes" to this question, MAUD would have
produced an annotated summary on the line printer.]

. Frame 20

Do you want to alter any of the information you
have put in so far? N

[1f the user had answered "yes" to this question, MAUD would have of fered
the user comprehensive editing facilities for courses of actions (renaming,
deletions, and insertions) and for PSFs (renaming, rescaling, deletions),
until the user indicated that all the alterations required at that time had
been completed, MAUD then continues as follows: )

o Frame 2l

Can you think of any other relevant performance shaping factor in which
the courses of action differ from each other in a way that matters in
determ'ning likelthood of success? Y

In not more than three words each time, please describe how some of
them differ from the others,

Some courses of action are OPERATOR COMPETENCY

Whereas other courses of action are OPERATOR INCOMPETENCY

Are you reasonably happy with this description? Y
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Erame 22

It should be possible to give each course of action a rating of 1 to 9
according to its position on the scale

OPERATOR COMPETENCY

Your rating of TASK 1: EDS MAN ACT is
Your rating of TASK 2: RCIC MAN is
Your rating of TASK 3: NIS INSERT is
Your rating of TASK 10: BLK OUT MALOP is

Are these ratings OK? N

to

CENOO W -

OPERATOR INCOMPETENCY
[Whenever the user indicates he or she is not satisfied with some

assessment, MAUD moves into an editing mode, presenting the appropriate menu
of options for the types of editing that would be appropriate at that moment,
At this point, the menu presented was as follows:]

Frame 23
You can now

il Cancel this performance shaping factor (and all ratings on it)
2) Change your ratings on this performance shaping factor

Which would you like to do?
Please type the number: |
Are you sure? Y
O

Press RETURN to continue

Frame 24

Would you like to be reminded of the information you have put
in so far? N

Frame 25

Do you want to alter any of the information you have put
in so far? N
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Frame 26

Can think of any other relevant performance shaping factor in
which the courses of action differ from each other in a way that matters
in determining likelihood of success? Y

In not more than three words each time, please describe how some of
them differ from the others

Some courses of action are STANDARD TRAINING
Whereas other courses of action are SPECIAL TRAINING
Are you reasonably happy with this description? Y

Frame 27

It should be possible to give each course of action a rating from 1 to 9
according to its position on the scale

STANDARD TRAINING

1 Your rating of TASK 1: EDS MAN ACT is 9
2 Your rating of TASK 2: RCIC MAN is§
3 Your rating of TASK 3: NIS INSERT is T
4 Your rating of TASK 10: BLK OUT MALOR is§
5 to

6 Are these ratings OK? Y

7

H

9

SPECIAL TRAINING

Frame 28

Thinking only about the performance shaping factor below, what
position on the scale would be [DEAL for a course of action in the
present context?

STANDARD TRATINING
I
Your best possible value 1s : 1

4
3
4
5 to Is this rating OK? Y
6

!

H

9

SPECIAL TRAINING

1



Frame 29

Would you like to be reminded of the information
you have put in so far? N

Frame 30

Do you want to alter any of the information you
have put in so far? N

Frame 31

Can you think of any other relevant performance shaping factor in
which the courses of action differ from each other in a way that
matters in determining likelihood of success? Y

In not more than three words each time, please describe
how some of them differ from the others

Some courses of action are HIGHLY SKILLED OPERATION

Whereas other courses of action are LESS SKILLED OPERATION

Are you reasonably happy with this description? Y

Frame 32

HIGHLY SKILLED OPERATION

1

3
4
5
6
7
8
9
E

to

Your rating of
Your rating of
Your rating of
Your rating of

LESS SKILLED OPERATION

TASK 1: EDS MAN ACT
TASK 2: RCIC MAN

TASK 3: NIS INSERT
TASK 10: BLK OUT MALOP

Are these ratings 0K? Y

12
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. Frame 33
Thinking oniy about the performance shaping factor below, what
position on the scale would be IDEAL for a course of action
in the present context?

HIGHLY SKILLED OPERATION

1

2 Your best possible value is: 9
3

4

5 to Is this rating OK? Y

6

7

8

9
LESS SKILLED OPERATION

[ Frame 34

Your assessments of likelihood of success for the courses of action
under consideration in terms of their ratings on the scale ranging

from STANDARD TRAINING to SPECIAL TRAINING

seem very much the same as your assessments of likelihood of success

for the courses of action in terms of their ratings on the scale ranging
From HIGHLY SKILLED OPERATION to LESS SKILLED OPERATION.

Does this mean that these two scales have very
similar meanings for you? Y

[As in Frame 18, MAUD has checked for preference independence between the
ratings on the PSF scaled from HIGHLY SKILLED OPERATION to LESS SKILLED
OPERATION and all other PSFs currently assessed, finding a possible violation
of preference independence with the PSF scaled from STANDARD TRAINING to
SPECIAL TRAINING. (Although the input ratings were dissimilar--in fact they
were in opposite direction on the scale--the fact that ideal points were in
different positions on each scale led to scale transformations which resulted
in a very high positive correlation between the two sets of PSF ratings.)

However, unlike Frame 18, the judge answered positively to MAUD's ques-
tion., In this case, MAUD proceeds as follows:)
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'] Frame 35

You are now going to be asked to name a new performance shaping factor
which will substitute for those twe similar scales.

Please type in a word (or phase of not more than three words) which
has the same meaning as both SPECIAL TRAINING and HIGHLY SKILLED
OPERATION

Your new word(s): NEED HIGHOP TRAINING

Now please type in a werd (or phrase of not more than three words)
which has the same meaning as both STANDARD TRAINING and

LESS SKILLED OPERATION

Your new word(s): NEED LOWOP TRAININC

[At this point, MAUD restructures the set of PSFs by deleting the PSFs
scaled between STANDARD TRAINING to SPECIAL TRAINING and between HIGHLY
SKILLED OPERATION to LESS SKILLED OPERATION. These are :.placed by the new
PSF running from NEED HIGHOP TRAINING to NEED LOWOP TRAINING, which is now
scaled in the usual way:)

W Frame 36

It should be possible to give each course of action a rating from
1 to 9 according to its position on the scale

NEED HIGHOP TRAINING

1 Your rating of TASK 1: EDS MAN ACT is 1
Your rating of TASK 2: RCIC MAN is B

3 Your rating of  TASK 3: NIS INSERT is 7
4 Your rating of  TASK 10: BLK OUT MALOP  is 3
5 to

6 Are these ratings OK? Y

7

8

9
NEED LOWOP TRAINING
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Frame 37

Thinking only about the performance shaping factor below, what
position on the scale would be IDEAL for a course of action in
the present context?

NEED HIGHOP TRAINING

1

2 Your best possible value is: 9
3

4

5 to Is the rating OK? Y

6

7

8

9

NEED LOWOP TRAINING

Frame 38

Would you like to be raminded of the information
you have put in so far? N

Frame 39

Do you want to alter any of the information you
have put in so far? N

Frame 40

Can you think of any other relevant performance shaping factor
in which the courses of action differ from each other in a way
that matters in determining likelihood of success? Y

In not more than three words each time, please describe how some

of them differ from the others

Some courses of action are GOOD PROCEDURES

whereas other courses of action are POOR PROCEDURES

Are you reasonably happy with this description? Y
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Frame 41

It should be possible to give each course of action
a rating from 1 to 9 according to its position
on the scale

GOOD PROCEDURES

Your rating of TAT" 1: EDS MAN ACT
Your rating of TASK 2: RCIC MAN

Your rating of TASK 3: NIS INSERT
Your rating of TASK 4: BLK OUT MALOP

to
Are these ratings 0K? Y

O ON B W -

POOR PROCEDURES

Frame 42

Thinking only about the performance shaping factor below, what
position on the scale would be IDEAL for a course of action in
the present context?

GOOD PROCEDURES

1
Your best possible value is: 1

3

4

5 to Is this rating 0K? Y

6

7

8

9
POOR PROCEDURES

Frame 43

Would you like to be reminded of the information
you have put in so far? N

Frame 44

Do you want to alter any of the information you
have put in so far? N
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Frame 45

Can you think of any other relevant performance shaping factor
in which the courses of action differ from each other in a way
that matters in determining likelihood of success? Y

In not more than three words each time, please describe
how some of them differ from the others

Some courses of action are LITTLE TIME AVAILABLE

Whereas other courses of action are MUCH TIME AVAILABLE

Are you reasonably happy with this description? Y
Frame 46

It should be possible to give each course of action
a rating from 1 to 9 according to its position

on the scale

LITTLE TIME AVAILABLE

1 Your rating of TASK 1: EDS MAN ACT is 2
2 Your rating of TASK 2: RCIC MAN is 3
3 Your rating of TASK 3: NIS INSERT is7
4 Your rating of TASK 4: BLK OUT MALOP is T
5 to

6 Are these ratings OK? Y

7

8

Q

MUCH TIME AVAILABLE

Frame 47

Thinking only about the performance shaping factor below, what position
on the scale would be IDEAL for a course of action

in the present context?

LITTLE TIME AVAILABLE

1
Your best possible value is : 9

2
3
4
5 to Is this rating OK? Y
6
7
8
9
U

MUCH TIME AVAILABLE
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Frame 48

Your assessments of likelihood of success for the courses of action under
consideration in terms of their ratings on the scale ranging

from HIGHLY ABNORMAL to FAIRLY NORMAL

seem very much the same as your assessments of likelihood of success for
the courses of action in temms of their ratings on the scale ranging

from LITTLE TIME AVAILABLE to MUCH TIME AVAILABLE

Does this mean that these two scales have very
similar meanings for you? N

0K
Press RETURN to continue.
Frame 49
Your assessments of likelihood of success for the courses of action under
consideration in terms of their ratings on the scale ranging
from HIGHLY STRESSFUL to LESS STRESSFUL
seem very much the same as your assessments of likelihood of success for
the courses of action in terms of their ratings on the scale ranging
from LITTLE TIME AVAILABLE to MUCH TIME AVAILABLE

Does this mean that these two scales have very
similar meanings for you? N

0K
Press RETURN to continue.

[As in Frames 18 and 34, MAUD has checked for preference independence be-

tween the ratings of the PSF scaled from LITTLE TIME AVAILABLE to MUCH TIME
AVAILABLE, and all other PSFs currently assessed, and this time has found
possible violations of preference independence with two previously entered
PSFs; those scaled from HIGHLY ABNORMAL to FAIRLY NORMAL and from HIGHLY
STRESSFUL to LESS STRESSFUL.

However, the judge, as in Frame 18, answered MAUD's question in the nega-

tive for both cases, indicating that here also the source of nonindependence
lay in the environment. Thus, MAUD allows all these PSFs to stand as they are
and continues as follows:]

Frame 50

Would you like to be reminded of the information
you have put in so far? N
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Frame 51

Do you want to alter any of the information you
have put in so far? N

Frame 52

Can you think of any other relevant performance shaping factor
in which courses of action

differ from each other in a way that matters in

determining likelihood of success? N

[At this point, the user indicates that MAUD should regain control of the

session, and so MAUD responds by offering a series of options:]

Frame 53

You can

(1) Obtain your overall assessments of likelihood of success
on the basis of your current ratings

(2) Get MAUD to help you again in thinking of other
performance shaping factors on which the courses of action
differ from each other

(3) Have a summary printed of what has happened
in the MAUDS session so far

(4) Save your data for future use

(5) Stop

wWhich would you like to do?
Please type 1, 2, 3, 4, or5 : 1

[Obtaining success likelihood indices requires that weights be assigned

to PSFs. MAUD proceeds to assess these weights, in interaction with the user
as follows:]

Frame 54

In order to find out which are the most important factors for you
in determining likelihood of success, you will now have to choose
between hypothetical courses of action which MAUDS
will describe to you, using some of your own words.

Would you like some instructions on how to make your choice? Y
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Frame 55

You are going to be asked to choose between 2 hypothetical
courses of action which differ on just two of your scales.

Let's look at the first course of action
course of action A sccres as follows:

HIGHLY STRESSFUL LESS STRESSFUL

x'...‘l.....l...‘.l....' .0...'.‘...'.....'.....'

HIGHLY ABNORMAL FAIRLY NORMAL

-co.ox

.QOOOI.Q.QI ..'..l'.."l'.'..I..".I"'..

- On the first scale, the "X" indicates that course of action A
scores the same as the worst course of action you rated on this scale.

- On the second scale, the "X" indicates that course of action A
scores the same as your "ideal" course of action on this scale.

Press RETURN to continue.
Frame 56
Now the second course of action

course of action B scores as follows:

HIGHLY STRESSFUL LESS STRESSFUL
L .....I....Il...'. .....I..... .l...l.....x
HIGHLY ABNORMAL FAIRLY NORMAL

x.'..' ....'l'.... ...'l'..... L B L A L

- On the first scale, the "X" indicates that course of action B
scores the same as your "ideal" course of action on this scale.

- Un the second scale, the "X" indicates that course of action B
scores the same as the worst course of action you rated on this scale.

Press RETURN to continue.
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Frame 57

These two hypothetical courses of action will be presented to you
together, and you will be asked which one you assess as
most likely to succeed.

If you choose course of action A, its rating on the second scale
will be moved down half a unit to make a new, slightly less
attractive hypothetical course of action A,

[f, on the other hand, you choose course of action B, then its
rating on the first scale will be meved down a half a unit

to make a new, slightly less attractive hypothetical

course of action B,

You will then be asked again to choose between the two courses of action
until MAUD finds the point at which your preference between
courses of action A and B changes over.

Press RETURN to continue.

Frame 58

This process will be repeated 2 times, using hypothetical courses

of action described on various pairs of performance shapinyg factors,
after which MAUDS will know enough about which factors are important
to you in choosing between courses of action to work out your
assessments of likelihood of success for the real courses of action
which you have been considering up till now.

Press RETURN to continue.
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Frame 59

Imagine you had to choose between course of action A
which scores as follows:

HIGHLY STRESSFUL LESS STRESSFUL

x.....'....."..‘......‘l.'...'.....I..l'.l.....l

HIGHLY ABNORMAL FAIRLY NORMAL

Josseslesces]escnalocasefosscs]osesslosnccloneeek

and course of action B which scores as follows:

HIGHLY STRESSFUL LESS STRESSFUL

HIGHLY ABNORMAL FAIRLY NORMAL

x...o. Ser e UIOOOICOOO. L A I I A R

Which would you choose, A or B? A

[MAUD is seeking the poin‘ re the user is indifferent between A and R,
Because the user chose A, A i e slightly less attractive by moving the
position of the "X" for A on .. scale HIGHLY ABNORMAL to FAIRLY NORMAL half a
scale interval away from the ideal point. The user is now again asked whether
he or she prefers A or B. This procedure is repeated until a point is found
where the user changes from A to B, which in this case was as follows:]



[] Frame 60

Imagine you had to choose between course of action A
which scores as follows:

HIGHLY STRESSFUL LESS STRESSFUL
Kievns fasgsa]inesslnrrasfrmeefssnsadsonsslsosvel
HIGHLY ABNORMAL FAIRLY NORMAL
esanalsrsca]ensasfoensnfsvnnsRorsns]snrnelensel
and course of action B which scores as follows:

HIGHLY STRESSFUL LESS STRESSFUL

.....'..l'.l.....'.....'.'O..x

HIGHLY ABNORMAL FAIRLY NORMAL

Bessnilisssadessosantistaeduntsivrdmmairdinion]

OK. Now which would you choose, A or B? B
Are you reasonably sure? Y

[If the user is not sure about the changeover point, MAUD gives the
option of moving the "X" again until an indifference point is found, repeats
the sequence of weight assessments from the beginning, or abandons the attempt
to estimate PSF weights, going instead to edit courses of action, PSFs, etc.,
before attempting to assess weights again. In this case, however, the user
was reasonably certain of the changeover point between A and B, so MAUD
continued with the weights assessment sequence.]
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+ Frame 61

Now imagine you had to choose between course of action A
which scores as follows:

LITTLE TIME AVAILABLE MUCH TIME AVAILABLE

x.....'l.l..l...l.l-l...l.....'..'..'.l.l.'.....'

HIGHLY ABNORMAL FAIRLY NORMAL

fesvbaduinni fanserlssnonlsnnral assfiresifosnset

and course of action B which scores as follows:

LITTLE TIME AVAILABLE MUCH TIME AVAILABLE

L L ..l..'.C...IO..I.I.l..l'....ll.....x

HIGHLY ABNORMAL FAIRLY NORMAL

x.oo.o u.oo.l..lo.luo'.. .o.oo'nno.o'oo.tnlo.oto'

which would you choose, A or B? A

[Several movements of the "X" on the scale occurred until the changeover
between A and B was found to be at the point shown in Frame 62.]
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. Frame 62

Now imagine you had to choose between course of action A
which scores as follows:

LITTLE TIME AVAILABLE MUCH TIME AVAILABLE
x.....l0...."..'.'.'...'..Q..l...'.lo..l'l.....l
HIGHLY ABNORMAL FAIRLY NORMAL
...Ol.|O....|.....I.....I..'.l'l.x..|....ll.l'..'
and course of action B which scores as follows:
LITTLE TIME AVAILABLE MUCH TIME AVAILABLE
|.ll.ll‘....!.....ll..lll.O...'.....l..l..l......x
HIGHLY ABNORMAL FAIRLY NORMAL

x'.lll'.l...’.....I.....I.....'.....l....".....'

OK. Now which would you choose, A or B? B
Are you reasonably sure? Y

[If the user was not sure about the changeover point, MAUD gives the op-
tion of moving the “X" again until an indifference point is found, repeats the
sequence of weight assessments from the beginning, or abandons the attempt to
estimate PSF weights, going instead to edit courses of action, PSFs, etc.,
before attempting to assess weights again. In this case, however, the user
was reasonably certain of the changeover point between A and B, soc MAUD con-
tinued with the weights assessment sequence.]
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“ Frame 63

Now imagine you had to choose between course of action A
which scores as follows:

HIGHLY ABNORMAL FAIRLY NORMAL
x.....I.O.l.ll....l.....'0....'..0..'.....'.'...I
NEED HIGHOP TRAINING NEED LOWOP TRAINING
|0....|l‘...l...'.l.....l.....I‘....I...O.Il....x
and course of action B which scores as follows:
HIGHLY ABNORMAL FAIRLY NORMAL

'I..ol'llol.Ilo...l..ll.'..l.l'.C..tl.....'.....x

NEED HIGHOP TRAINING NEED LOWOP TRAINING

x....l,.....l.....l‘....l..'..'.....l...‘. l.l..'

Which would you choose, A or B? B

[This time the user initially preferred course of action B (rather then A
as in Frames 59 and 61), and so MAUD makes course of action B progressively
less attractive by moving the position of “X" down the scale towards HIGHLY
ABNORMAL until the user changes over from preference for B to preference for
A. This was found to be at the point shown in Frame 64 which, as can be seen,
required only a slight movement towards ABNORMAL before the user switched
preferences. This indicates that the relative importances of the two PSFs
assessed here are fairly evenly matched.]
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Frame 64

Now imagine you had to choose between course of action A
which scores as follows:

HIGHLY ABNORMAL FAIRLY NORMAL
Kevsos]osnsalossss]ssssslssonsfrcona)ossnasssssl
NEED HIGHOP TRAINING NEED LOWOP TRAINING
Jesonslionnalessne]essas]onssstasnsnfonson]ssseek
and course of action B which scores as follows:

HIGHLY ABNORMAL FAIRLY NORMAL

I....'.....'..‘..,...‘.'.....Il....l.....l..x..‘

NEED HIGHOP TRAINING NEED LOWOP TRAINING

x.....|.l...l....."0...'...I.'.....'.e.’.l.Q..I

OK. Now which would you choose, A or B? A

Are you reasonably sure? Y
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- Frame 65

Now imagine you had to choose between course of action A
which scores as follows:

NEED HIGHOP TRAINING NEED LOWOP TRAINING

x.'...'...'.'..l..'....‘ll....l.....l'....l..l..l

POOR PROCEDURES GOOD PROCEDURES

'OOOOQ‘COQCOI.0...".'..l...‘.l‘....l.‘...'....‘x

and course of action B which scores as follows:

NEED HIGHOP TRAINING NEED LOWOP TRAINING

l.'...'0....'..ll.l.....'.‘...'..Dl.'l'...l.....x

POOR PROCEDURES GOOD PROCEDURES

xo..'.'l'.l."....l..".|.l...'.....'.....l...l.l

Which would you choose, A or B? B

[This time course of action B was initially choosen, and several
movements were made on the scale from NEED LOWOP TRAINING towards NEED HIGHOP

TRAINING before the judge's changeover point for preference for A was found at
the point shown in Frame 66, ]
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Frame 66

Now imagine you had to choose between course of action A
which scores as follows:

NEED HIGHOP TRAINING NEED LOWOP TRAINING

x.....l....Q'.....I.....l.I'..I.....'.....l.....l

POOR PROCEDURES GOOD PROCEDURES

'....Ol...l."0...'...0."....'.00..'.0...'.00..x
and course of action B which scores as follows:

NEED HIGHOP TAINING NEED LOWOP TRAINING

eosss|ovses]osses]onove)ennsek

POOR PROCEDURES GOOD PROCEDURES

Kisoos]sssseloesssfunsocfonsselsnnnslesosne|ennes

UK. Now which would you choose, A or B? A
Are you reasonably sure: Y

[At this point, MAUD has sufficient information to compute PSF weights

and Success Likelihood Indices. MAUD does this and then provides an updated
summary of the results on the line printer,]

Frame 67

The summary of your session which is being prepared
now will show your overall assessments of likelihood of success
for the courses of action under consideration.

[In this case, the summary was that given in Figure 3.2. The success

likelihood indices for all the courses of action are given, followed by an
annotated record of the material that was elicited in the MAUD session as a
basis for computing those SLIs.

When the summary has been presented, MAUD asks the user:]

29



o Frame 68

Do you want to alter any of the information you
have put in so far? N

[If the user had answered "Y," MAUD would have offered the opportunity to
edit courses of action and performance shaping factors. Any editing destroys
the validity of any PSF weights computed earlier, and so after editing, SLIs
are not available for the course of action under consideration until MAUD has
gone through the PSF weighting procedure in interaction with the user again,
wWhen the user wishes to alter nothing, MAUD offers a chance to add new
material which may have come to mind during the weights assessment procedure
before returning to the main menu (Frames 69 and 70).]
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SUMMARY OF SESSION LEVEL A TASKS SUBSET I SO FAR:

Current order of assessments of likelihood of success of courses of action
from best to worst

(success likelihood indices are given in brackets)

TASK 3: NIS INSERT (0.84) BEST

TASK 2: RCIC MAN (0.59)

TASK 1: EDS MAN ACT (0.33)

TASK10: BLK OUT MALOP (0.13) WORST

Ratings of courses of action on the scales you are currently using:

T T T T
B A A A
S S S S
K ’ . K
1
1 2 3 0
B
E R N L
D C I K
S I S
C U
M I U
A M N T
N o S
N E M
A v A
Rating C T L
scale T 0 performance shaping factor
number P

(1) 3 5 7

—

HIGHLY ABNORMAL(1) to FAIRLY NORMAL(9)
Ideal value = 9

(2) 3 5 7 1 HIGHLY STRESSFUL(1) to LESS STRESSFUL(9)
ideal value = 9

(6) 1 5 7 3 HIGHOP TRAINING(1) to LOWOP TRAINING(9)
Ideal value = 9
(7) 1 4 3 6 GOUD PROCEDURES(1) to POOR PROCEDURES(9)

Ideal value = 1
(8) 2 3 7 1 LITTLE TIME AVAILABLE(1) to MUCH TIME AVAILABLE(9)
Ideal value = 9

Figure 3.2 Summary of the SLIM-MAUD SLI assessment sessions produced
by the MAUD on the line printer,
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* The following information shows your assessments of likelihood of success
for the courses of action under consideration
1.00 represents the best course of action and 0.00 represents the

WO
b &
of

Ratin
scale
numbe

(1)
(2)
(6)
(7)
(8)

rst course of action on each performance shaping factor.

you wish to change anything, you may do so at the end
this summary.
T T T T
A A A A
S S S S
K K K K
1
1 2 3 0
B
E R N L
D C I K
S I S
c 0
M I U
A M N T
N A S
N E M
A R A
g C T L
T 0 performance shaping factor
r P

0.33 0,67 1.00 0.00 HIGHLY ABNORMAL to FAIRLY NORMAL
relative importance = 0,24
0.33 0,67 1.00 0,00 HIGHLY STRESSFUL to LESS STRESSFUL
relative importance = 0,17
0.00 0,67 1.00 0,33 HIGHOP TRAINING to LOWOP TRAINING
relative importance = 0,24
1.00 0.57 0.00 0.29 GOOD PROCEDURES to POOR PROCEDURES
relative importance = 0,16
0.17 0,33 1.00 0.00 LITTLE TIME AVAILABLE to MUCH TIME AVAILABLE
relative imprtance = 0,19

The following scales are no longer in use for the reasons given below

(3)

(4)

(5)

END OF SUMMARY,

OPERATOR COMPETENCY to OPERATOR INCOMPETENCY

You canceled this scale after trying to rate the courses of action on
it.

STANDARD TRAINING to SPECIAL TRAINING

This scale was canceled because of its

similarity with scale number 5

HIGHLY SKILLED OPERATION to LESS SKILLED OPERATION

This scale was canceled because of its

similarity with scale number 4

Figure 3.2 (Cont'd) Summary of the SLIM-MAUD SLI assessment sessions

produced by the MAUD on the line printer,
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. Frame 69

Can you think of any other relevant way that the courses of action
differ from each other in a way that matters in
determining likelihood of success? N

[] Frame 70
You can

(1) Obtain your overall assessments of likelihood of success
on the basis of your current ratings

(2) Get MAUD to help you again in thinking of other
performance shaping factors on which the courses of action
differ from each other.

(3) Have a summary printed of what has happened
in the MAUDS session so far

(4) Save your data for future use

(5) Stop

wWhich would you like to do?
Please type 1, 2, 3, 4, 0or 5 : 4

[When the user indicates that the data from the session are to be saved,
MAUD first asks for the name of the file in which the data are to be saved and
then saves the data in the file of that name on the SLIM-MAUD data disk cur-
rently in disk drive B of the computer. If the file name does not already
exist in the directory of the SLIM-MAUD data disk, then a new file is auto-
matically created, If however, the file name already exists (i.e., data has
been placed in the file previously), then the old data are automatically
replaced by the new data.]
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. Frame 71

Please type the name of the file in which you want

to keep the material from this session: LASUBI

[ a max. of 6 characters ]

Is this name 0.K.? Y

Session now stored in LASUBL

A>

[The prompt A> indicates that MAUD has completed its task and has
returned the user to the microcomputer operating system, where it is now
possible to turn off the computer without damaging any data recorded
during the ascsessment session. Alternatively, responding

A>MAUDS
will cause MAUD to be reentered for use in a new session, or for further

work on the data in file LASUBL, or in any other MAUD-produced file previously
stored on the disk inserted in the microcomputer's disk drive B.]

3.5 Conversion of SLI Values into Probabilities

As described in Section 1.10.8 of this volume, it is possible to convert
SLI values into asessed probabilities of failure given (1) probabilities of
success estimates for reference courses of action among the set assessed
within a SLIM-MAUD <ession, and (2) the assumption of a functional relation-
ship between SLI values and probability values which 15 presently defined as:

logP; = a(SLI;) + b

where:
a & b= empirical constants
SLIj = SLI value computed by MAUDS for the ith course of action
P; = assessed probability for the ith course of action

MAUDS itself does not include a routine for converting SLIs into prob-
abilities of failure, but the computer code given in Figure 3.3 is an example
of a simple program that can be appended to MAUDS to achieve this task, To
use this program, the user loads BASIC on computer, and then types in the
program and saves it under the name SLIPROB.
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req
240
250
260
270
280
290
300
310
320
330

‘" ti.*t**titt*itﬁttittt*iﬁtiiiSL lpnmﬁ dhkkhkhkhhhhhhhhhhhrhhhhhhhhhhbhhhhhhhk

"hukkekanen ke ak*SAMPLE PROGRAM TO CONVERT SLIs TO PROBABILITIES*###wddwini
FOR I=1 TO 24: PRINT: NEXT

PRINT "Please yive the name of the first reference course of action :
LINE INPUT">" ,R1$:PRINT

PRINT "What is the probability of failure";:INPUT Pl

PRINT "What is its SLI value";:INPUT SLI1:PRINT

PRINT "Please yive the name of the second reference course of action :
LINE INPUT ">" R2$: PRINT

PRINT “"What is the probability of failure";:INPUT P2

PRINT “What is its SLI value";:INPUT SLIZ2:PRINT

LINE INPUT "are these values 0.K.?", Q%

IF Q$="" THEN 110

Q$=LEFT$(Qs,1)

IF Q$="N" THEN 20

EF Q$="n" THEN 20

'COMPUTE PARAMETER VALUES
P1=LOG(P1): P2=LOG(P2)
A=(P1-P2)/(SLI1-SLi2)
?-PI-A*SLII

o

uire a SLI value :
LINE INPUT ">", R$:PRINT

PRINT :what is its SLI value";:INPUT SLI
P=A*SLI+B: P=FXP(P)

PRINT "Assessed probability is ";P

LINE INPUT "“MORE?";Q$%

IF Q$="" THEN 280

Q$=LEFTS$(Q%,1)

IF Q$="Y" THEN 230

IF Q$="y" THEN 230

END

Figure 3.3 Sample program to convert SLIs to assessed probabilities of
failure (the code is written in microsoft BASIC).




the following is an example of the use of this program in assessing
propabilities of failure for the course of action whose MAUD-computed
SLI values are shown in Figure 3.2. In this example, NIS insert

is the first reference course of action whose probability of failure is
given as .001 and BLK OUT MALOP is the second reference course of action
whose probabilit of failure is given as ,10:

Please give the name of the first reference course of action:
TASK 3: NIS INSERT

What is the probability of failure? ,001
What is its SLI value? .84

Please give the name of the second reference course of action:
TASK 10: BLK OUT MALOP

What is the probability of failure? .10
What is its SLI value? .13

Are these values 0K? Y

Please give the name of a course of action for which you require a SLI value:
TASK 1: EDS MAN ACT

What is its SLI value? .33
Assessed probability of failure is 2.732873E-02
MORE? Y

Please give the name of a course of action for which you require a SLI value:
TASK 2: RCIC MAN

What is its SLI value? .59
Assessed probability of failure is 5.060871E-03
MORE? Y

Please give the name of a course of action for which you require a SLI value:
TASK 3: NIS INSERT

What is its SLI value? .84
Assessed probability of failure is .001
MORE? ¥

Please give the name of a course of action for which you require a SLI value:
TASK 10: BLK OUT MALOP

What is its SLI value? .13

Assessed probability of failure is 9.999996E-02
MORE? N

0K
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4, PHASE IV RESEARCH: TEST PLAN

At the time of the preparation of this report, the first three phases of
the SLIM research program had been completed and Phase IV was in progress,
This chapter describes the Test Plan for Phase IV research.

4,1 Overall Aims of the Test Plan

The overall aim of the Test Plan is to evaluate the MAUD implementation
of SLIM==i.e., SLIM=MAUD--0on the basis of its practicality, acceptability, and
usefulness. The Test Plan will focus on one particular implementation o
SLIM, through the use of the interactive computer system MAUDS (Humphreys and
Wisudha, 1984), Nevertheless, the findings and conclusions will contribute to
a fuller understanding of general issues related to the various implementa-
tions of SLIM, In addition, a detailed user guide designed to maximize the
effecient application of SLIM=MAUD will be included in the Test Plan report,

The utility of the MAUD-based implementation .of SLIM will be assessed on
the basis of three key criteria: practicality, acceptability, and useful=-
ness. Practicality emphasizes the pragmatic concerns associated with any
methodology, such as the required time and resources, and the degree of flex-
ibility in applying the methodology in a wide variety of settings. Accept-
ability refers to the actual adoption of the methodology by users who are
responsible for producing HEP estimates. The usefulness of a methodology can
be determined on the basis of prevailing conventions of scientific standards.

The three criteria comprise a number of specific issues which can be
rigorously addressed within the Test Plan. These specific issues, methods for
implementing the Test Plan, expected data, and types of analyses to be per=
formed were previously summarized in Table 8.1 of Volume I. For convenience,
that table is reproduced here as Table 4.1,

4,2 Practicality

The practicality of the SLIM implementation will be evaluated in temms of
the eight criteria listed in Table 4,1 and discussed separately below.

4,2,1 Cost

Costs for MAUD-based implementations of SLIM were summarized in Secticn
1.14,1, The accuracy of these costs will be confirmed or modified on the
basis of the actual experience gained during the Test Plan. A careful record
will be kept of costs incurred. Tables itemizing cost estimates will be
provided for alternative implementations of SLIM, along with recommendations
for choosing among alternative in particular contexts according to cost-
benefit principles--e.g., using a format similar to that adopted by Kneppreth
et al. (1979).
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Taole 4,1 SLIM-MAUD Test Plan: Issues

and Procedures.

Issues Methods /Data Analysis
Procticglit!:
Cost Actual costs incurred for implemen- Costs summation plus discussions

Subject Matter
Experts

Support
Requirements

Transportability

Expandability

Time Requirements

Interface With
Reltability Data
Bank
Implementability of
Procedure

Acceptability:
Scientific Community

Expert Participants

Potential Users
Nuclear Regulatory
Commission (NRC)
Nuclear Utilities

Usefulness:
Reltability

Face Validity

Convergaent Validity

tating Test Plan,

If feasible, by examining three ex-
pert groups: PRA specialists, op-
erators or trainers, and engineers,
Enumeration of equipment and other
materials needed to implement Test
Plan,

Test will likely be implented in
more than one location,

Development of categorizatien
‘C”mt

Actual experience gained in im-
plementing Test Plan,

Ensured by tasks to be evaluated,

Use of more than one session
facilitator,

Professional journal submission,
Debriefing interview and survey,

Informa) survey.
None.

None,

Inter-judge consistency,

Survey of expert participants,
informal survey of potential users.

Comparison with HEP estimates pro-
vided by other subjective
techniques.

of potential cost additions or
reductions,

Myltidimensional Scaling (MOS)
of user responses.

Discussion of equipment used and
other equipment capable of using

Experience in setting up and
running SLIM-MAUD in seperate
locations.

Cluster analysis of user
responses,

Discussion of experienced time
considerations, and factors
affecting time,

None needed.

Comparison of the degree of aif-
ficulty experienced by different
facilitators.

Reviewer comments and/or accep-
tance of articles.

Evaluation of interviews and
analysis of survey data.

Evaluation of responses,

None .

None.

Use of MDS to assess consistency
between individual results,

Evaluation of open-ended comments
and analysis of survey data,

Examination of magnitude of
differences.

4,2.2 Subject Matter Experts

Experience gained in Phases | and Il of the SLIM research program under=-

o Hardware.

m?crocomputer support,

4,.2.3 Support Requirements

scored the need to systematically investigate the appropriate expertise of
judges to be used in SLIM assessments,
vestigation by comparing the inter- and intra=-group agreement on the classi-
fication of the tasks to be assessed in the Test Plan,

The Test Plan will undertake this in-

MAUD implementations of SLIM require the availability of
Minimum requirements of the microcomputer

include a Z80 CPU or IBM/PC compatiblity, 64K bytes of memory, two
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floppy disk drives, a CP/M or IBM/PC DOS operating system, VDU, and
printer. For MAUD "group sessions," the microcomputer system must
also have a video output to a TV monitor that can be viewed by all
judges simultaneously. A wide variety of low cost microcomputer
systems, such as the IBM/PC, Epson QX10, or North Star Advantage
adequately meet these requirements.

The analysis of SLIM-MAUD sessions would also be greatly facilitated
if a video recorder (without camera) were available to record speech
and VDU contents during the interactive sessions with MAUD,

o Software. Procedures for obtaining MAUDS, the software needed to run
a SLIM=MAUD session, are presented in Appendix D,

o Office Space. A room of sufficient size is needed to accammodate up
to about 12 people comfortably, preferably one with a blackboard.

4.2,4 Transportability

If a predefined set of PSFs is available, SLIM can be implemented using
“scoring sheets" completed by hand, ensuring its transportability to almost
any setting. However, it is wise to caution, for reasons discussed in Section
1.11 of this volume, that certain theoretical suboptimalities accompany this
form of implementation, Where microcomputer support is required, SLIM-MAUD
can be implemented on virtually any microcomputer system meeting the require-
ments discussed in Section 4,2.3 above. Thus, SLIM-MAUD can be used in a wide
variety of settings.

4,2.5 Expandability

The scope of the Test Plan will be limited to the selection of 27 tasks
from the 35 tasks in the list of risk analysis tasks developed by the U.S. NRC
and Sandia National Laboratories (SNL, 1983), The full list of tasks is re-
produced in Appendix C, These tasks are wide ranging in scope and cover two
levels of complexity, The empirical results generated from the analysis of
material from the MAUD logs from Stage 1 of the Test Plan (see Section 4.5)
will indicate the extent to which SLIM is appropriate across the whole range
of tasks at each level in the test set., Given acceptable results for tasks
located at any particular level, the MAUD implementation of SLIM may be con-
sidered expandable to the assessment of other tasks at that level, beyond
those in the test set,

4,2.6 Time Requireaments

Thus far, only a few pilot applications of SLIM through MAUD have been
conducted, The average time taken per pilot session was approximately 45
minutes, Time requirements will vary with the number of tasks estimated per
session, the number of sessions required to complete the assessment of all the
tasks under consideration, and the experience of the judges. Implementing the
Test Plan will provide additional data for a more accurate estimate of the
time needed to run a SLIM-MAUD session.
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4,2.7 Interface with Human Reliability Data Bank

The results of this Test Plan will provide a set of weighted PSFs (sub-
sequently referred to as a "frame") for each subset of all the 27 tasks
assessed, as the core for a future library of such frames. It is anticipated
that a simple procedure will be specified for developing other frames in this
libirary which will provide an important output across the interface with the
Human Reliability Data Bank described in Section 1.14,2,

4,2.8 Implementability

[t is assumed that facilitators of MAUD-based SLIM sessions should pos-
sess some knowledge of nuclear power plants and be familiar with the MAUD
procedures. They need not, however, have a full understanding of the theo-
retical or technical underpinnings of MAUD (the MAUD program itself is a
coherent product of these), nor do they need to have expertise in psycho-
logical scaling methods. These assumptions will be examined in the Test Plan
by using facilitators with different types of expertise.

4,3 Acceptability

The ultimate test of the viability of SLIM as a method for estimating
human error is its acceptability. The acceptability of the SLIM implementa-
tion will be evaluated in terms of the five criteria listed in Table 4.1 and
discussed separately below.

4.3,1 Scientific Community

Multi-Attribute Utility Theory, the theoretical basis for SLIM-MAUD, has
received considerable support in the scientific literature., The development
of SLIM has been well documented and compared with other methodologies
(Embrey, 1981, 1983a; Seaver and Stillwell, 1983), MAUD has been the subject
of a number of validation studies in six countries (the UK, USA, the Nether-
lands, Sweden, Greece, and the Federal Republic of Germany), and has been
widely distributed as an implementation tool for use in the scientific study
of decision making, and as a decision aiding system with a wide number of
applications. Nevertheless, SLIM is still in need of a full empirical vali-
dation study to ensure its acceptability. The aim of the Test Plan is to
provide this empirical validation. The results will form the basis for a NRC
report and will subsequently be submitted for publication in appropriate
Jjournals to ensure the proper dissemination of evidence supporting the valid-
ity of the methodology.

4,3,2 Expert Participants

The acceptability of SLIM to the judges (expert participants) taking part
in SLIM=MAUD assessments will be examined by analyzing the debriefing inter=
views with all judges, as well as all the logs from MAUD sessions completed
within the Test Plan. In addition, a formal survey questionnaire will be
administered to judges. The results from the survey will be analyzed with
respect to the method's acceptability,
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4,3.3 Potential Users

The fundamental objective of SLIM is to produce HEPs that can be used in
HRA segments of PRA. Thus, a crucial test of SLIM's viability is the extent
to which experts in the PRA community (e.g., HRA and human factors experts)
adopt it as part of PRA assessments. A preliminary and informal assessment of
Botential users of SLIM will be undertaken to estimate future acceptability.
uring the Test Plan, PRA specialists will be asked to give their opinions on
the SLIM=-MAUD Test Plan results.

4,3.4 U.S. Nuclear Regulatory Commission (NRC)

SLIM is a methodology in the public domain, documented in NUREG publica-
tions (Seaver and Stillwell, 1983; Enbrey, 1983) and in the present report.
Past and ongoing support by the NRC in developing SLIM is prima facie evidence
of that agency's support. Continued NRC support can be assessed by the degree

to which SLIM-MAUD is adopted by the NRC as a recommended methodolegy in
future work.

4,3.5 Nuclear Utilities

Whether SLIM will be acceptable to nuclear utilities remains an unan-
swered gquestion. Acceptability can only be determined by the extent to which
utilities actually adopt SLIM in PRA assessments.
4.4 Usefulness

The basis for assessing the usefulness of any subjective estimation tech-
nique is the reliability and validity of the results provided.

4,4,1 Reliability

The reliability of SLIM=MAUD will be assessed by examining the consis-
tency in the SLI estimates produced ecross judges and groups.

4.4.2 Face Validity

Face validity, also known as content validity, will be assessed by
analyzing the results of the survey where judges and PRA experts have been
asked to comment on the reasonableness of SLIM.
4.4.3 Convergent Validity

Convergent validity will be assessed by comparing the SLIM-MAUD HEP esti-

mates with those produced by other techniques being tested (i.e., paired-com=-
parisons and direct estimation [SNL, 1983]).
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4.5 Procedures to Be Followed in Implementing the Test Plan

The Test Plan is divided into the following stages:

Stage 0 - selection of tasks for assessment by SLIM (already accom-
plished, see Appendix C).

Stage 1 - classification of tasks into subsets for simultaneous assess-
ment within SLIM=MAUD in Stage 2.

Stage 2 - selection of the members of subject matter expert groups for

Stage 3 - implementation of SLiM-MAUD by each subject matter expert group
for each subset of tasks.

Stage 4 - analysis and interpretation of results from SLIM=MAUD sessions.
Stage 5 - preparation and review of report of SLIM=MAUD validation study.

4,.5.1 Stage 1: Classification of Tasks into Subsets for Simultaneous
Assessments Within SLIM=MAUD in Stage 3

The 15 Level A and 12 Level B tasks identified in Stage 0 must meet the
homogeneity requirements of SLIM=-MAUD described in Section 1.13 of this
volume. The first requirement, therefore, is to classify these tasks into
subsets that meet these homogeneity requirements. The classification of tasks
into subsets will be performed separately for Level A and B tasks.

Two groups of judges will be presented with descriptions of both levels
of tasks that appear in Appendix C of this volume. They will be asked to make
wholistic ratings of the interrelatedness of tasks using a paired comparison
procedure. Ratings of interrelatedness will be based upon judgments of the
relative importance of PSFs in determining the likelihood of success for each
pair of tasks. Group consensus procedures will be used to obtain the
wholistic ratings (see Nemiroff and King, 1975; Gustafson et al., 1983),

Written consensus ratings will be collected from each group for formal
analysis, The analysis will be conducted in two steps as follows:

o Step 1 - Multidimensional scaling enalysis of interrelatedness
matrices. The data resulting from the above procedures will be “con-
sensus" interrelatedness matrices for both Level A and B tasks. The-
se four matrices (two groups x two levels) will be analyzed using
multidimensional scaling procedures (implemented within KYST, Kruskal
and Wish, 1978) to produce “interrelatedness maps" of clusters of
tasks. Techniques are available for testing whether matrices produced
by different groups, or at different levels, may be scaled within the
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same hypothetical space (e.g., the SPLIT BY ROWS with BLOCKDIAGONAL =
NO option of KYST). If this test fails across groups, then further
groups of assessors will be given this task within a design aimed at
locating the source of the instability. If the test fails across
levels, then this will indicate that the levels distinction will form
a major factor in the classification.

o Step 2 - Identification of clusters. This will be done by visually
partioning the interrelatedness space(s) identified in step 1 in a way
that yields clearly defined subsets of tasks. Details of this pro-
cedure may be found in Humphreys (1983). Each cluster and the
rationale for its identification will then describe a particular cell
in the task classification.

4,5.2 Stage 2: Selection of the Members of Subject Matter Expert Groups
for Stage 3

Five six-member groups of judges will be used to implement the SLIM=-MAUD
procedures. The composition of each group will be as follows:

Group A - Three human factors experts and three judges with plant
operating experience.

Group B - Two human factors experts, two judges with plant operating
experience, and two judges with plant design experience.

Group C - Two human factors experts, two judges with plant operating
experience, and two PRA experts.

Group D - A group of six judges comprising the four types of expertise
described above.

These four groups will perform SLIM-MAUD assessments on the subsets of tasks
identified in Stage 1.

Group E - Group composition the same as Group D above. However, these
judges will classify the tasks into subsets themselves, before
making their SLIM-MAUD assessments.

4,5.3 Stage 3: Implementation of SLIM-MAUD by each Subject Matter E.pert
Group for Each Subset of Tasks

Each group of subject matter experts will use SLIM=MAUD to assess SLIs
for each subset of Level A and B tasks. A facilitator will be present at each
session to monitor its progress and identify any critical incidents. A video
recorder whose audio recording channel is connected to a microphone recording
the facilitator's and the experts' comments should be used to keep a record of
each session. The video recording channel will be connected to the micro-
computer’s video output socket, thus recording the contents of the VDU screen
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in synchronization with the audio comments about these contents. After the
sessions are completed, the facilitator will conduct a debriefing interview
and formal survey to gain information from the judges on the issues of accep-
tability and usefulness discussed in Sections 4.3.4 and 4.4 of this volume,

Procedures to Be Followed in the SLIM=MAUD Sessions

e Assemble the members of each subset matter expert group (A, B, C, D,
and E).

e The facilitator explains SLIM to each group (A, B, C, D, and E).

® The subsets of tasks, classified in Stage 1, are presented to Groups
A, B, C, and D.

e Group E is given the list of Level A and B tasks used in Stage 1. The
facilitator explains the need to classify them into homogeneous Ssub-
sets consisting of 4 to 10 tasks. The group will be asked to make
wholistic ratings of interrelatedness of tasks using a paired com-
parison procedure. Ratings of interrelatedness will be based upon
Judgments of the relative importance cf PSFs in determmining the
likelihood of success for each pair of tasks. Group consensus
procedures identical to those outlined for Stage 1 of Section 4.5.1 of
this volume wiil be followed.

e All groups will implement SLIM=MAUD through consensus interaction
procedures similar to those described in Section 3.4.5 of this volume.
At the end of the implementation, the resultant SU values w~ill he
converted into HEPs using the computer program described in Section
3.5 of this volume,.

4,5.4 Stage 4: Analysis and Interpretation of Results from SLIM-MAUD
Sessions

@ MAUD logs will be analyzed to compare (1) differences in elicited PSFs
between groups of judges, (2) differences in SLIs produced by Groups
A, B, C, and D vs Group E, and (3) interactions between the above
comparisons.

® A number of additional analyses of MAUD logs which may be carried out
are described in Humphreys and McFadden (1980).

e Content analyses of the critical incident records and debriefing in-
terviews will be conducted to pinpoint Timitations and successes of
the system with regard to practicality, usefulness, and acceptability
(see Humphreys and Wooler, 1981). Statistical analyses will be con-
ducted on the data collected in the formal survey of judges.
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e Convergent validity will be assessed by examining the HEPs produced by
SLIM-MAUD with those produced by the paired-comparison and direct
estimation techniques employed in the Sandia National Laboratories
study (SNL, 1983).

4.5.5 Stage 5: Preparation and Review of Report of SLIM-MAUD Study

The Test Plan report will summarize the findings of Stage 4, It will also
discuss the advantages and limitations of alternative implementations of SiLiM.
Particular attention will be directed to issues of practicality, acceptabil-
ity, and usefulness. A detailed user guide designed to maximize efficient
application of SLIM will be included in the Test Plan report.

4.6 Test Plan Schedule

Figure 4.1 gives the schedule for the stages of the Test Plan identified
in Section 4.5,

Stage Active Period
0 - Selection of tasks |[—
1 - Classification of tasks "
2 - Selection of members |—————|
of subject matter expert
groups
3 - Assessment of SLIs

a. Sessions with MAUD
b. Analysis of data

4 - Analysis and interpre-
tation of Stage 3 !
results

o
'

Preparation and review —_—

of report
[t 1 1 1 1 1 |

0 1 2 3 4 5% & I & 3 10
Months from Start of Plan

Figure 4.1 Schedule for the six stages of the Test Plan.
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APPENDIX A
INFORMATION USED IN EXPERIMENTAL EVALUATION OF SLIM

j Introduction

In this chapter, the task descriptions and other information used by the
subjects in Phase I of the research program, the SLIM experiment, are presen-
ted. A number of illustrations which accompanied the task descriptions have
not been included. This is partly for reasons of space, and partly because
the illustrations are available in the source references cited in Section 4 of
Volume I. The illustrations which accompanied the tasks taken from consul-
tancy studies are confidential and are not available for general release.

As will be discussed in the next section, the amount of information
available from published accounts of experiments .is far from adequate from the
point of view of their use in human reliablility evaluation. However, to
satisfy other criteria which were applied when selecting tasks the choice of
tasks which could be included in the study was very small,

In addition to the task descriptions, subjects were also given explana-
tory information on the task cateqorization scheme (Section 5.1) and PSFs
(Section 5.3.2), the weighting and the ratina procedures (Sections 5.3.3 and
5.3.4). Section 5, therefore, represents the information given to the sub-
jects.

o5 Content Analysis of Task Descriptions

During the experiment, it became apparent that some of the task descrip-
tions were inadequate in the infarmation they contained, so that judges found
it difficult to perform the ratinag part of SLIM, After the experiment, a con-
tent analysis was performed to determine which task descriptions were likely
to have introduced a large random error component into expert assessments,
causing inaccurate predictions.

The content analysis was carried out hy considering the level of informa-
tion content in each task description for each PSF. The level of information
was assessed on a 4-point scale, 0-3, "0" representing no information on that
PSF and "3" representing high information content,

Table A.1 shows the results of this analysis, and a simple additive pro-
cedure (adding the ratings for 6 PSFs in each task) aives a measure of the
overall level of information for each task. At the right hand side of the
table, the tasks are ranked from 1 to 21 denoting the hest described task to
the worst, respectively.

From Table A.1, several tasks appear to have inadequate task descrip-
tions, particularly tasks 4, 5, 8, and 14, It is desirable to minimize the
elimination of tasks from the task set, as this in turn reduces the number of
deqrees of freedom usable in statistical analysis o' the data. Furthermore,
task 14 was of particular importance in representina the type of task that
might require quantification in a PRA, i,e,, it was concerned with an omission
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Table A.1 Content analysis of task description.

Rating of Information of PSFs in Task Descriptions

A B C D E F JR  Rank
01 3 0 3 3 0 0 09 15
62 0 1 3 2 2 3 1 10
B 2 3 ¥ 2 %2 oFERW
04 0 2 3 3 0 0 08 18
05 0 3 0 2 2 1 08 18
% o ¢ 3 2 * 3 W B
02 2 3 0 3 0 1 09 15
8 0 3 0 2 2 0 0 20
9 3 3 3 3 2 1 15 02
Task 10 1 2 0 3 3 2 11 10
Number 11 1 2 1 3 3 2 12 07
12 1 2 0 3 3 2 1 10
13 2 2 0 3 3 2 12 07
14 3 2 0 0 0 1 05 21
15 1 3 2 3 0 1 09 15
16 2 3 2 3 1 3 14 05
17 2 3 3 3 3 3 17 01
18 3 3 3 3 2 1 15 02
19 3 3 1 3 3 0 13 06
20 2 3 3 3 1 3 15 02
20 0 2 3 3 0 2 10 13
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error in a BWR simulator., Despite the poor description of this task, it could
be arqued that the experts in the aroup, especially the operators, would have
experience in this type of situation. Information on tasks 4 and 5 was
equally poor, and task 5 created particular problems durina the experiment,
Several of the operators were reluctant to accept that an inoperative switch
would not be removed, even in a simulator. Task 8 was confusing in that
judges were making single judaments on what effectively constituted two error
rates (calculating errors), those of experienced and less experienced sub-
jects. In other words, the judges were heing asked to aive judgments on an
"average" score. Also, the study from which this task had heen taken sugges-
ted that subjects were timed, but it was uncertain whether they had to comp-
lete the calculations within a time limit or whether they were timed for
another reason. Task 12 was adequately described in terms of its score on the
content analysis measure, but caused assessment problems during the experi-
ment, because the judges were unable to take into account certain important
charactertistics of the contrnl panel which were not given in the task
description,

In summary, htecause of inadequate or misleading task descriptions and in-
formation, tisks 5, 8 and 12 were eliminated. This seemed to be the best com-
promise thet could be achieved between eliminating tasks which had created
difiiculties for the judges and retaining those which were technically sia-
nificant, Another consideration was the desire to retain as many tasks as
possible in order to perform meaninqgful statistical analyses.

. Probabilities of Failure for the Tasks Assessed

Failure probabilities were calculated by dividing the numher of errors by
the total number of trials reported in the literature from which the tasks
were drawn,

1. 0,032 12, 0,0023
2, 0,195 13, 0,0042
3. 0,0095 14, 0,029
a, 0,064 15, 0,102
5. 0.001 16, 0,064
6. 0,0000% 17, ©.073
7. 0,0293 18, 0,34
R. 0,27 19, 0,30
9, 0,163 20, 0,65
10, 0,0065 2l. 0,20
11. 0.003
a, Sources of Task Descriptions

The task descriptions were obtained from the following sources:

Task Source

| I Hull, A, J. (1976), "Human Performance with Homogeneous Patterned and
Random Alphanumeric Displays," Ergonomics, 19 (6), pp. 741-750,
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Task

Source

2.

10-13
14,

15.

16,

17,

18,

19,

Jacobson, H. J. (1952', "A Study of Inspector Accuracy," Engineering
Inspection, 17 (2-10,,

Lonag, J. (1976), "Visual Feedback and Skilled Keeping: Differential
Effects on Making che Printed Copy and the Keyboard," Ergonomics, 19
(1), pp. 93-110,

Stammers, R., and Rird, J. (1980), "Controller Evaluation of Touch
Input Air Traffic Data System: An Indelicate Experiment," Human
factors, 22 (5), pp. 581-589, —_——
Kozinsky, E. J. (1981), "Human Factors Research on Power Plant
Simulators," Proceedings of the 25th Annual HMuman Factors Society
Conference.

Swain, A, D, (1982), Personal Communication.

Telecommunications Human Factors Proceedinas.

Agate, D, and Drury, C. G, (1980), "Flectronic Calculators: Which
Notation is Better?" Applied Ergonomics, 11.1, pp. 2-6.

Marshall, E, C., Duncan, K. D.,, and Baker, S. M, (1981), "The Role of
Withheld Information in the Training of Process Plant Fault
Diagnosis," Erqonomics 24 (9), pp. 711-724,

Consultancy (not available for distribution),

Kozinsky, E., J. (working draft), General Physics Corp. GP-R-23006
Contract W7405,

Rouse, W. (1979), "Problem Solving Performance of Maintenance
Trainees in a Fault Diagnosis Task," Human Factors 21 (2), pp.
195-203,

Brooke, J. B., and Duncan, K. D. (1981), "Experimental Studies of
Flow Chart Use at Different Stages of Prgram De-bugging," Ergenomics
23 (11), pp. 1057-1091, '

Brooke, J. B.,, and Duncan, K, D,, Effects of System Display Format on
Performance in a Fault Location Task," Eraonomics, 24 (3), pp.
175-189,

Marshal, E. C., Duncan, K, D,, and Baker, S. M, (1981) "The Role of
Withheld Information in the Training of Process Plant Fault Diagno-

sis," Ergonomics, 24 (9),

Shephard, A., Marshall, E. C., Turner, A,, and Duncan, K, D, (1977),
"Diagnosis of Plant Failures from a Control Panel: A Comparison of
Three Training Methods," Ergonomics, 20 (4),
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Source

Brooke, J. B., and Duncan, K. D. (1980), “An Experimental Study of
Flowcharts as an Aid to Identification of Procedural Faults,"
Ergonomics, 23 (4), pp. 287-399,

Lees, F. P., and Sayers, L. B, (1976), "The Behavior of Process
Operators under Emergency Conditions,"” in: Sheridan, T. B., and
Johanssen, G., Monitoring Behavior ard Supervisory Control, Nato Con-
ference Series, Plenum Press, London,

5. Materials Provided for Subijects Participating in The Phase | Experi-
ment.

The remainder of this appendix reproduces the material given to the sub-
jects participating in the Phase | experiment described in Section 2.1 of the
main text.

| Categorization of Tasks

The 21 tasks used in this experiment have been divided up into three cat-
egories; Skill-, Rule- and Knowledge-based behavior. Each category contains 7
tasks., A brief description of these cateqories is given below:

5.1.1 Skill-Based Behavior

Skill-based behavior is an automated or subconscious pattern of behavior
in @ routine situation. An operator simply recoqnizes that a particular situ-
ation requires a normal response and then executes a skilled act which is more
or less automatic., Errors may occur because of "manual variahility," e.q., in
Task 5 an operator may attempt to operate one control, miss it, and operate
another, Alternatively, he may fail to discriminate correctly and operate the
wrong control,

For the seven tasks in this cateqory, all involve simple routine hehav-
iors, and simple errors, Errors may be due to, e.q., low alertness, absent-
mindedness, etc,

5.1.2 Rule-Based Rehavior

This cateqory deals with hehavior in routine or familiar situations,
where learned rules or procedures can he used, llsing Rule hased hehavior re-
quires recoanition that the task requires a response, then associatinag the
task with a previously encountered sityation for which rules exist, The
stored rules may then be used to execute the task,

Errors that may occur are responding to a familiar "cue" which is an ine-
complete part of the available infarmation, leading to the use of inadequat:/
inappropriate rules; failing to recall the procedures correctly and/or totally
(e.q., memorv slip, forgqettina an isolated act, a mistake amona alternatives),
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An example of the first type of error, caused by using incomplete information,
is in Task 9. In this task, an operator using rules to diagnose a failure may
make an error by believina he has recognized the failure before he has
applied all the rules. Another error he could make is forgetting one of the
rules. In Task 14, an operator reacting to a malfunc tion in a control room
may omit an essential procedural step.

The rules themselves may be learned from trial and error, formed by
causal reasoning, or prescribed as formal procedures (verbal or written),

5.1.3 Knowledge-Based Behavior

This level of behavior occurs in situations ocutside the individual's nor-
mal experience, It calls for intelligent problem solvina, analysis of the
situation, and planning. The individual must analyze the situation and decide
on or deduce a task plan. Once the plan has been made, he or she can use Rule
based behavior to achieve the goal of the plan,

Errors may occur at the information-collecting stage, so that the person
can fail to collect enough information, he or she may make invalid assump-
tions, or even misinterpret information. For example, in Task 16, inadequate
information may lead to incorrect or "premature" diaanosis of the malfunction.

Therefore, Knowledqge based behavior is an evaluation of the situation and
the planning of a proper sequence of actions to pursue the required goal., It
depends upon fundamental knowledae of the processes, functions, and structure
of the system in question., Thus, for example, in Task 19, the behavior of the
subjects in this diaanostic task depends heavily on their knowledge of the
D‘ant .

5.2 Task Descriptions

Skill-Based BRehavior

N Task 1

In an experiment investigating human recall performance with alphanumeric
displays, a control aroup of 19 female subjects carried out the followina
task: A sequence of six diqits (1-9, no zeros; no digit was repeated in any
sequence) was displayed on a screen in front of the subjects from a slide pro-
jector, The diqits appeared as white fiqures on a black backaround, Each
dinit sequence was visible for 2,6 seconds. Each subject then responded imme-
diately by writing down the sequence durinqg the 9,6 second interval befaore the
next slide., Before each new slide, a verhal "Ready" signal was aiven,

Seventy-two slides were shown, taking roughly twelve minutes, The sub-
jects' responses were scored correct if they remembered the digits in the cor-
rect order, The subjects were volunteers from a subiject bank,

The error under consideration is an incorrectly ordered sequence of dig-
its,
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o Task ?

In a study of Quality Control inspector accuracy, a small wired unit was
built, very similar to the units which the industrial inspectors routinely ex-
amined every day. The unit had approximately 1500 wires soldered to termi-
nals. Thirty defects were placed throughout the unit in soldering, wiring and
appearance, etc, Sixteen of the defects were soldering defects which in this
particular context were highly important defects, i.e., with serious conse-
quences for nroduction if frequent, Seventeen inspectors were aiven a unit
each, and allowed 3 hours to find as many defects as they could,

In their normal everyday work, the inspectors were of varving qrades and
responsibility, but they ranked higher than the shop inspectors and were in
constant contact with supervisors in the shop and inspection department, In
this way, they would have feedback about their work, No hard and fast selec-
tion procedure was in operation for hiring the inspectors at the particular
factory under investigation.

The error under consideration is failing to find all of the defects.
e Task 3

In an experiment on typing performance, twelve female subjects (touch
typists) each sat in a quiet cubicle with a typewriter, They were instructed,
by means of an intercom, to type out a copy of a visually presented piece of
text, 1000 characters in length, Each was instructed to type as fast as pos-
sible without exceeding an error rate of 1% (i.e. the maximum number of mis-
takes allowed was one mistake per hundred characters), Subjects were paid for
their participation., The required error rate was that which was actually
achieved by the typists,

o Task 4

In an evaluation of a new system for data transfer and display for air-
port traffic controllers (niC's), fifteen controllers took part in exercises
over three days, totalling just over five hours per subject., The controllers
worked in qroups of three, The study used a simulation of normal operations
at Heathrow Airport,

The system displayed the controllers' data on a single cathode ray tube
(CRT) screen, A radio enabled the subject to keep in contact with his col-
leaques and simulated atrcraft, Data transfer and modification were enahled
by a touch sensitive surface over the display screen itself, Thus, a control-
ler could send, obtain, and update information hy touching particular parts of
the screen which were marked, For example, he might wish to update his infor-
mation on the weather, approaching air traffic, etc,

The CRT Screen itself was 40 cm in diameter, The touching areas were 2
to 3 cm in diameter on one quadrant of the CRT screen,




Three types of errors could occur: miss touches, error touches (touching
the wrona label), and illeqal touches (touching a label out of sequence). The
average touch rate was six touches per minute.

Exercises were of 1 1/4 hours duration, with a break between ranqging from
1/4 hour to 1 1/2 hours. The main part or the experiment took place over two
days.

The controllers were not experienced with the touch method described
here, but the average ATC experience was ten years.

The error under consideration is a "miss" touch, where the controller
misses the area to be touched.

o Task 5

In an extensive series of simulator exercises, performance of operators
in reactor start-up and malfunctions was monitored. The simulator was of a
Pressurized Water Reactor (PWR). The diagram below shows two controls, dif-
ferina only by label and function. The two controls are 20 cm apart, but the
partial rod control (right hand knob) was in fact inoperative, and this fact
was known by operators.

The operators were experienced and worked in teams, A senior operator
would be with the team but could obviously not monitor all the operators'
actions at the same time,

The rod control (left hand knob) would be operated 50-100 times an hour
in the start-up condition, and approximately 10 times durinqg a malfunction
situation, If the wrong knob was onerated this had no deletericus effects of
its own (as it was inoperative), althouah it meant that the correct switch had
not been operated, The error probahility required is tne operation of the
wrong control,

o Task 6

In a large organization (8-10,000 employees), one particular task in-
volved soldering with a tensile type soldering iron, with the work piece
firmly positioned in a holder. Soldering was performed manually and the task
involved 10-100 solder joints depending upon the assemhly in question, The
task was carried out under 10x maqnification,

The workers were female, seated operators, working in clean, well-lit
conditions, The units were sub-assemblies for nuclear weapons, Quality was
emphasized stronqly, and there was no time limit for the task, i.e,, they
could take as lona as they liked to achieve the best possihle result,

The workers were in a stahle environment with low stress except that the

company would lose husiness 1f a bad product left the plant, and verbal pun-
fshment would then be qiven to the operator in question in front of others,
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The staff turnover was very much lower than the normal commerical environ-
ment, Staff were told that the recording of errors was very important, but
anonymous, in terms of records kept by personnel at the plants.

The error under consideration is a solder joint omission,
o Task 7

In an experiment looking at keyina performance on a twelve-button key
phone (see diagrams 1 and 2), seventy subjects who were due to have keyphones
installed were tested over a two-year period. At testing sessions, each sub-
ject was required to "dial" 40 seven-diqit numbers on a keyphone. A total of
eleven tests were performed over a two-year period, with intervals between
tests varying hetween one and twenty-two weeks, The tests were carried out at
a center near the subject's offices.

Subjects were hetween 20 and 60 years of age. In the actual test each
subject would search a list of telephone numbers which included 40 "taqged"
for them to use (this was to simulate natural use: i,e.,, looking up a number
in a directory and then phoning).

During the last six tests, learning effects were deemed to have become
insignificant, Errors that could occur were: incorrect digit, transposed dig-
it, missing diqit, extra diait, double button depression, and premature hand-
set replacement,

All subjects worked in offices making an average of approximately twelve
phone calls per day. The error under consideration is making a keyina error
in the last six tests, i.e,, when the user is fully experienced with the key
phone,

5.2.2 Rule Based Behavior

e Task 8

In an experiment looking at performance with an electronic calculator
(see diaqram below), ten subjects were chosen from a large American company.
Each was trained with feedback to use the calculator,

The ten subjects consisted of two subaroups, both of which had daily ex-
perience with calculators; one qroup coming from the accounting department and
the other aroup from the enagineering staff, The former were used to simple
calculations, and the latter to more complex ones,

Each subject was given a test which was timed., The test consisting of
ten questions rangina from very simple ones such as:

(3.3 + 4,5) (5.2 +# 6,1) (7.3 + R, 4) = ?
to the more complex ones such as:
3,14 x 435 x 3,5 (1,24)4 . (0,R)4/2 = 4



Each question was selected from the manual accompanying the calcul ator,
The error under consideration is the failure to obtain a correct answer.
o Task 9

In a simul ated chemical process plant, a trainee in a diagnostic task
faced with a panel with 33 instruments and 15 alams (see diagram) which was
actually a projection of a slide. The process plant simulated in this experi-
ment included reaction, distillction, and the controls and features associated
with chemical process plants.

Discriminating between simulated process failures entailed considering a
number of indications, depending on the fault in question,

Trainees were instructed in the functioning of the instrumentation, the
functions of control loops, etc. At the end of this description, trainees
had to demonstrate that they had a good grasp of this knowledge, The trainees
then learned the following rules to aid them in diagnosis:

1. Scan the panel to locate the general area of failure, i.,e., feed, re-
actor/heat-exchange complex, colunmn A or B,

2. Check all control loops in the area affected. Are there any anomalous
valve positions?

3.  High level in a vessel and low flow in associfated take-off line indicates
either a pump failure or valve failed "closed.," If the valves 0K then
punp failure is probable diagnosis,

4, High temperature and pressure in column head assnciated with low level in
reflux drum indicates overhead condenser failure - provided all pumps and
valves are working correctly (rules (2) and (3)).

5. [f the failure is in the reactor heat-exchange complex, determine whether
it is in the reactor or the heat exchange system, A failure in the heat-
exchange will produce symptams in column A but not in B, A failure in
the reactor will produce symptoms in both columas,

6. If the failure i1s in the feed system, check whether it is in stream X or
stream Y, Because of the nature of the control system, a failure in the
Y steam will produce associated symptoms in both the X and Y streams, A
failure in the X stream will show symptoms in the X stream only,

After having learned the rules, eight trainees underwent a pretest in
which they were given a list of eight failures and a plant circuit diagram,
They were subsequently tested on these faults in a randan order (1.,e,, the
eight slides with faults on them were projected onto the screen), They had no
feed back, and a 1imit of five minutes per problem,
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Trainees then practiced with the eight failures but now with feedback on
their performance, and an instructor who encouraged the use of the rules,

The next day, the trainees underwent the test in which ten failures were
presented, these failures being the ones they had practiced on, two of the
failures being repeated. No feedback or supervision was given here, and once
again they had five munutes per problem,

The error under consideration is incorrect diagnosis (including failing
to diagnose) in this final test,

o Task 10

In a batch chemical process plant the normal sequence of plant opera-
tions, e.g., filling vessels, opening and closing valves, etc,, are control
led by computer, When malfunctions occur (e.g., a valve sticks), the operator
is required to inte~vene using the operator's control panel (OCP) and the call
routine and display panel (CDP), Intervention requires the following steps:

1. Select call routine corresponding to the operation required by pressing
the appropriate button on the CDP,

2. Press button A (top left, 0CP),

Enter the address corresponding to the plant item to be manipul ated, (ad-
dresses are of the form 342D, etc,, and are entered via the keyboard on
the OCP),

Enter one of the COM or M buttons if it is desired to change the status of
the plant iten fram computer control to manual or vice-versa, (A plant
item can only be manipul ated from the panel if it is on manual control,
After an operation or series of operations it is normal to return the item
or items to computer control),

Press the 0 button on the OCP 1f it is desired to open (e.g9., a valve) or
stop (e.g., a pump), Or, press the CL button on the ICP if the valve is
to be closed, or the pump started,

Press ENTER,

A mimic provides the operator of the state of the plant, and gives feed-
back when a manual control action 1§ made such as opening or closing a valve,
The mimic diagram is very large and has a high density of information, The
address keyed in by the operator is also displayed on the CDP,

The nature of the operator's task 1s that of supervisory control, ...,
monitoring the state of the various batches and intervening where the computer
cannot proceed, In general, the operators are highly autonomous and are not
closely supervised, They have considerable responsiblity and reasonable pay,
All the operators in this study were highly experienced,




Two types of errors are possible when entering an address. The operator
may enter an invalid address, i.e., one for which no plant item exists, Alter-
natively the address entered may refer to a plant item, but not the one inten-
ded, In the former case he will always receive direct feedback in the form of
an error message from the computer, In the latter, he will only receive feed-
back if he is monitoring the display on the COP, and/or the mimic diagram
which represents the plant item which has been erroneously operated,

The error of interest is the keyboard operation which could give rise to
either of these failures,

o Task 11

This task is identical to Task 10, except that the operator is using the
computer to change the value of a controller setpoint, In this case, after
the enter button is pressed (step 6 in Task 10) the old and the new setpoints
alternate in the display at the top of the CDP, If the operator agrees that
the new value is correct, he presses the enter button a second time,

The error of interest is entering a setpoint which is outside the allow-
able range of the controller, |In this case the computer will not accept the
data and the operator will therefore obtain imnmediate feedback that he has
made an error,

o Task 12

In the same situation as in Task 10 and Task 11 the operator may select a
call routine button for which no routine is currently available in the compu-
ter (step 1 in the procedure described in Task 10), |In this case the computer
will display a "no routine" error message and hence the operator will always
receive feedback after an error of this type,

The error of interest is that of initially selecting an invalid call rou-
tine button,

o Task 13

In the same situation as Task 10 and 12, a "control error" may occur when
an 1llegal operation is attempted by certain call routines, e.g., an operator
may try to open or close a valve that 1s still on computer control (and not on
manual, as 1t must be for such an operation to work), It is expected that an
operator should know the state of an iteam he is trying to manipulate fram the
mimic .,

The error in this task is any 11legal operation of the type described
above,
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o Task 14

In a study of operator's performance in a BWR simulator (see diagram 1),
operators worked in teams, Ten malfunctions could occur. One of these ten
was “loss of shutdown cooling." The malfunction, and the correct operator re-
sponses, are listed below:

Loss of Shutdown Cooling:
Cause: loss of operating residual heat removal (RHR) pump(s).

Required Shift to alternate RHR loop for reactor decay heat removal ca-
Response: pability,

Operator Responses:

1. Secure failed pump(s)
2. Attempt to restore operating loop to service,
3, Shift to standby loop.

Twenty-five teams from three separate utilities performed each of the ten
malfunctions, including the one above, The mean control room experience was
5.21 years, and the mean age 35-38 years$,

In the mal function above, all three procedural steps had to be carried
out in order to rectify the malfunction, The error under consideration is
omitting a single procedural step., One out of sixteen operators thought that
the procedures were inadequate,

5.2.3 Knowledge Based Behavior
o Task 15

Twenty maintenance trainees took part in an experimental study of
“trouble shooting" of geographically displayed networks of logic "AND" units
(see diagram 1),

All units (numbered 1-49 in the diagram) are connected to other units in
the network, by 1,2,3, or 4 lines, If all these lines or inputs to a unit are
| (the value of an input can only be either 1 or 0), then the respective
unit's output will be one, unless the unit is faulty in which case 1ts output
will be O, If a unit is faulty and ?1ves out a " value, then the unit that
recefves the faulty unit's output will also give outputs of O, In this way, a
zero value fram a faulty unit will propagate to other units in the network,
the extent of which depends on the connections in the network, and the posi-
tion of the faulty unit, In the diagram, the propagation will be in the di-
rection from left to right towards the final outputs (43-49),

A-13



The task of the trainee was to solve problems given the network as shown,
with the final outputs also shown, The trainee would therefore have to "back-
track" from the final outputs and see where the single fault could have origi-
nated from (1.e. which unit was faulty)., The trainee on a VDU, could input

the numbers of two units and check the line between tt see if it carried
a "1" or a "0", In this way, he cou.d locate the faul n this experiment ,
only one unit failed per problem, The experiment usec e sizes of network;

9 units; 25 units; 49 units,

Twenty subjects performed four trials of ten problems each, all tasks in
one session., Trials 2 and 3, however, utilized computer aiding as outlined
bhelow:

A computer aiding algorithm acted as a sophisticated bookkeeper using
the topology of the network, and known outputs to el iminate units that could
not possibly be faulty., Also, it iteratively used the tests run by the
trainee to further eliminate units from consideration by drawing an "X"
through them, The time the algorithm took to do this could be up to 20s per
problem, and this was"charged" to the subject in that the clock timer was left
running, During this time, the trainee could study the problem, Of the four
trials, trials 2 and 3 utilized computer aiding.

The error under consideration is failing to achieve the correct solution
on a problem with 49 nodes while in the afding condition (trials 2 and 3),

o Task 16

'n an experiment investigating program "debugging", three programs repre-
sented instructions to a cumputerized warehouse, and consisted of sequences
of instruction to a computer-controlled truck to “turn left" or "turn right”
or “"go forward", The figure below is a map of the warehouse which is organ-
fzed on a grid system, The four boxes at the corners represent loading bays,
and the programs described alternative paths from one loading bay to another,
and two such paths are marked on the figure,

Subjects (first year psychology undergraduates) were shown the diagram of
the warehouse and its functioning explained, A program listing (see Diagram ?
« {f-then-else structure) was then shown to than and it was explained how the
program described two paths: one short, with many turns; one long with few
turns, One path or other could be taken but not both, depending on the out-
come of the conditional statement,

Subjects were then told that one of the alleyways had become blocked and
consequently the truck had not reached its destination, They were required to
find the blockage by finding the instruction which had failed to be executed,
They did not know which path had been taken, but they could cause the program
to be rerun under the same conditions (thus taking the same path) as many
times as they liked, On each occasion that they reran the progran they were
to ask the computer whether particular program statements had been executed or
not, Mowever, they could only request information about one progran statement
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per run, Each subject used a visual display unit, and having entered the
label of the statement they wanted to test, (e.g. B, C, E, etc), would be
informed by the computer whether the statement had been executed properly or
had failed, or had not been reached, After each test, the computer asked the
subject if he knew which unit had failed, If he typed "N, the subject would
continue testing, If diagnosis was incorrect, the subject was informed and
allo:nd to continue., If diagnosis was correct, the subject could state a new
problem,

Each subject solved five practice problems using the program shown, An-
other program was then demonstrated and the subject solved fourteen problems,
this routine being repeated with a third program. Thus, each of five subjects
had five practice trials, followed by twenty eight test problems,

Each subject was paid for participating and received extra rewards for
caompleting problems within a certain time limit, Incorrect identification of
the fault carried a time penalty.

There were four possible diagnostic errors:

1. Performing a test on a path that had already been eliminated,
2. A wrong guess at the location of the fault,

3. Performing a test above or below the established bracket

4, A correct identification of the location when the bracket enclosed
more than one statement (i.e., incorrect inference).

Each of the two test programs contained two conditional statements, no
feedback loops and fov~teen statements, Each statement was labelled by a let-
ter,

In considering the twenty eight problems, the error under consideration
is that of a wrong guess at the location of the fault (1.e, diagnostic error
2).,

o Task 17

In a fault finding experiment with ten subjects fram an applied psychol-
0gy department, the task consisted of finding a faulty comprnent in a network
of logic "AND" units (see Diagram 1), A total of six networks were used,
three with twenty-four units, For these two levels of complexity of network
(1.0, number of units), there were three types of representation, but each had
the same information content, These units were displayed on a VDU,

In each problem one of the units was randomly designated (by a computer)
as faulty, but the output units were always assumed to function correctly




(units 14, 24, 34, 44, in the 16 unit network, and 16, 26, 36, 46 in the 24
unit network). A colored bar by each output indicated its status: a green
bar (light in diagram) indicated it was working, and a black bar that it was
not. A logic unit only works if all inputs are 1; otherwise an output of zero
is generated. If a unit is faulty, then even if all inputs to it were 1, it
would still generate a zero output (see Diagram). Thus, if a unit was faulty,
it would propagate a zero output to one or more of the final outputs., The
subjects' task was to locate the faulty unit, by interrogating the computer .
A VT100 visual display unit was used to enter the connection to be tested and
to display the signal carried by the connection, When no further tests were
desired, the subject pressed the “enter" key in response to the "TEST?" prompt
fran the computer and diagnosed the faulty unit. Appropriate feedback was
given after each diagnosis, with the correct solution being displayed after a
wrong diagnosis, and a new problem initiated, The VT100 VDU could contair up
to 10 tests.

Subjects were tested individually. They were introduced to the task and
the functioning of the networks was explained, The subject solved the first
problem with the experimentar there to clarify any procedural points. No help
was given to the subject in solving the problem, The subject then solved a
further five problems, one on each network, with the experimenter present,

The experimenter then told the subject that he would do another 30 problems
(five on each network) and then left, Subjects were told to concentrate on
solving the problems correctly but not to spend an excessive amount of time on
any one problem,

There were four types of diagnostic error, as below:

1., Redundant tests,

2. Failure to utilize positive information,

3. Inadequate information at diajnosis (i.e. premature diagnosis) .

4, Tests on unit not connected to known zero line,.

Error number three is the one most likely to lead to incorrect diagno-
sis, and in these tems is likely to be the most costly,

Subjects were paid for taking part in this experiment, and took between
40 and 120 seconds on each of the 30 problems,

Error number 3 1s the one under consideration,
o Task 18
In the same situation as Task 9 (simul ated process plant - refer to Task

9), the same trainees took part in a second test after they had finished the
one outlined in Task 9. In this second test, they were presented with sixteen
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of the earlier faults, and eight new faults they had never seen before. The
same testing conditions applied (i.e. 5 minutes maximum diagnosis time). The
error under consideration is once again incorrect diagnosis (including failure
to diagnose), for the new problems only,

o Task 19

In an experiment looking at three methods of training for process plant
fault diagnosis, one group was given training in the fom of a technical
“story", as typically given by conscientious training officers in the chemical
industry. This training consisted of tracing the flow of product through the
plant, describing the functions of the various items of equipment (see Dia-
grams 1 & 2) and discussing the effects of the different control groups. The
simulated plant was typical of that used in chemical plants. It incorporated
33 instruments and 15 alarms (similar to that used in Tasks 9 and 18)., Basic
ally, the process was as follows: two feeds are reacted and the gas from the
reactor is compressed, and then distilled in column B. The liquid from the
reactor is distilled i1 column A where the component is re-cycled back to one
of the feed tanks.

“Symptom arrays" were recorded on slides which were then back projected
onto a screen using a randam access projector, Diagram 3 shows the plant
failures used in this experiment, To discriminate between panel arrays en-
tailed consideration of a number of features, the number depending on the
fault in guestion,

Subjects in the “theory" group described above (those given the technical
story introduction), were required to demonstrate their knowledge by tracing
the flow of materials through the plant, and by specifying the effects
throughout the plant of two faults (which did not appear in the test under
consideration), They were given a short test on eight faults.

The ten subjects were next trained to recognize eight faults on an adap-
tive cumulative training method, i.e., each subject was trained to recognize
two faults until he knew them well., Then, he was trained to recognize another
fault, and subsequently tested on all three faults., This procedure continued
until each subject could reliably recognize all eight faults,

After the introduction to the plant, the subjects had a short test on
eight faults and subsequently learned those faults, They were then again
tested on the eight failures resulting from the faults, each failure being
presented four times in a randomized block of 32 trials.

Finally, each subject was given a test on sixteen failures, eight of
which had been learned and eight which had never been seen before, The fail-
ures were presented randomly, The subjects were given a list of the 16 fail-
ures from which to select their respoises,

The error under consideration is incorrect diagnosis in the final test,
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The factors are not presented in any particu!ar order of importance,
3 Yy §

A, Juality of Procedures. The existence of clear procedures and gquide-
lines r.n;dr(]jng‘[h;' actions that need to be taken to achieve specified objec-
tives given certain conditions., In addition, the procedures will also define
the areas of responsibility to be undertaken by each operator, particularly in
yperations involving several individuals.

B. Relevance and Comprehensiveness of Training. The extent to whi h the
yperator has received relevant training necessary to carry out the task, to-
gether with on-the-job experience which may assist in coping with unexpe( ted

ontingencies.,
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5.3.4 Scales for Assessing Performance Shaping Factors
Jsing the scales shown below, assign a rating of the "quality" of these
factors for the task under consideration, in the form of a nunber between Zero
and 100, In this context, "quality" means the degree to which the factor cen-
cerned either degrades the likelihood of success (less than 5 on the scale)
or enhances the 1ikelihood of success (more than 50 on the scale). A scale
value of 50 therefore represents the midpoint between the extremes where a
particular PSF is as good as it can be in terms of its effect in maximizing
success (100 on the scale) or as bad as it can be in reducing the 1ikelihood

)f success (Zero on the scale
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on demand because of the loss of instrument air. Opening these valves
requires local operation. Wnhat is the likelihood that the operator will
fail to open these valves within 1 hour?

be used by judges in assessing Level B tasks:
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