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FINDINGS FROM ANALYSING AND QUANTIFYING
HUMAN ERROR USING CURRENT METHODS

V.N. Dang, B. Reer

In human reliability analysis (HRA), the scarcity of data means that, at best, judgement must be applied to
transfer to the domain of the analysis what data are available for similar tasks. In particular for the quantifi-
cation of tasks involving decisions, the analyst has to choose among quantification approaches that all de-
pend to a significant degree on expert judgement. The use of expert judgement can be made more reliable
by eliciting relative judgements rather than absolute judgements. These approaches, which are based on
multiple criterion decision theory, focus on ranking the tasks to be analysed by difficulty. While these
approaches remedy at least partially the poor performance of experts in the estimation of probabilities, they
nevertheless require the calibration of the relative scale on which the actions are ranked in order to obtain
the probabilities of interest. This paper presents some results from a comparison of some current HRA
methods performed in the frame of a study of SLIM calibration options. The HRA quantification methods
THERP, HEART, and INTENT were applied to derive calibration human error probabilities for two groups
of operator actions.

1 INTRODUCTION

When considering sources for data and selecting
quantification techniques, HRA analysts distinguish
between the decision and execution components of
tasks. Failures involving decisions relate to the forma-
tion of the intention to act, that is, they relate to diag-
nosis, response selection, or more generally, to
"problem-solving". Execution failures are associated
with reading and manipulating the elements of the hu-
man-machine interface (such as gauges, switches,
and buttons), communicating, as well as following pro-
cedures, checklists, and instructions.

The data on execution failures are more or less ade-
quate, especially when compared with decision-related
failures. The probability of execution errors depends to
a large degree on ergonomic and environmental fac-
tors; it is thus possible to collect data, controlling and
documenting the quality of these factors. Data have
been collected for repetitive tasks such as manual ac-
tions in a variety of settings. In addition, experiments
can be set up to measure the reliability of carrying out
a series of actions.

On the other hand, decision-related performance
tends to be strongly situation-specific; that is, it is gen-
erally difficult to transfer empirical and experimental
data from one situation to another. In addition to the
ergonomic and environmental factors that drive execu-
tion failure probabilities, factors such as the types of
decisions and the background of individuals strongly
influence the likelihood of failure. A number of qualita-
tive tendencies of performance in decisional tasks can
be identified that apply across different situations and
domains. However, quantitative performance data for
decisions in real-world domains are scarce.

For the human reliability analyst, the scarcity of data
means that, at best, judgement must be applied to
adjust for the domain of analysis the data available for
analogous tasks in other contexts. For the quantifica-
tion of a majority of decision-related tasks, the analyst
has to choose among quantification approaches that

all depend to a significant degree on expert judge-
ment.

1.1 Expert Judgement

The simplest approach to using expert judgement in
Human Reliability Analysis (HRA) is to ask an expert
or group of experts to estimate the human error prob-
ability for the tasks of interest. The problems with this
approach, however, are well known; both judgement
under uncertainty and estimates of probabilities are
subject to a number of biases. For example, the avail-
ability bias causes the probability of events that can be
more easily remembered or imagined to be overesti-
mated. The anchoring bias causes a probability esti-
mate to be biased towards the starting value, the an-
chor, of the probability judgement, whether it is sug-
gested by the formulation of the problem or calculated
in a partial computation [1]. Other studies have shown
that these biases affect not only typical subjects but
also people trained in statistics and probability.

To some degree, the use of expert judgement can be
made more reliable by eliciting relative judgements
rather than absolute judgements. These approaches,
which are related to or based on multiple criterion de-
cision theory e.g. [2], focus on a ranking of the prob-
abilities, that is, on the relative likelihood of failures in
the performance of the tasks. While the approaches
address at least partially the poor performance of ex-
perts in the estimation of probabilities, they neverthe-
less require the calibration of the relative scale on
which the actions are ranked in order to obtain the
probabilities of interest in the analysis.

In the SLIM methodology, experts are asked to provide
judgements concerning the factors that impact the dif-
ficulty (failure likelihood) of the tasks to be quantified.
The set of judgements on the quality of the factors are
summarised for each action on a relative scale as an
index value. A calibration of the relative scale then
needs to be performed to establish the relationship
between the index and probability scales. This rela-
tionship is needed to obtain the desired failure prob-
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abilities for the actions (the human error probabilities
or HEPs).

In the work reported here, the use of HRA quantifica-
tion techniques is examined as a source of calibration
HEPs. The methods THERP, HEART, and INTENT
are applied to derive calibration values for two groups
of actions.

1.2 Background

Our overview of the HRAs in the four Swiss risk stud-
ies found that the SLIM-based analyses (three of the
HRAs) would be enhanced by further analysis of the
calibration data and possibly by the development of
new calibration data. For example, the assessment of
anchor points by HRA analysts using plant-specific
information is preferable to the current approach of
using values found in other studies. HRA methods are
options for this assessment [3]. The preliminary results
of this work have been presented in [4,5].

The starting material for this study of SLIM calibration
options is an existing HRA in which a SLIM variant [6]
was applied in the quantification of about 40 operator
actions. These are divided into seven separately cali-
brated groups, consisting of actions with a similar set
of dominant performance shaping factors (PSFs). The
calibration data for these groups consisted of one or
two HEPs for similar tasks in other PSAs and HEP
values for the bounding failure likelihood index (FLI)
values (for FLI=0 and FLI=10). Using HEPs from other
PSAs has the disadvantage that assessing the appli-
cability of the values is difficult. It requires not only
comparing the performance conditions for the actions
at the different plants but also evaluating the quantifi-
cation assumptions made in that PSA. A second
problem is that when the bounding HEP values are
treated as equivalent to calibration "data", they more
or less determine the resulting HEPs: the HEPs are
quite insensitive to the calibration data (if any).

2 SLIM CALIBRATION OPTIONS

2.1 Overview

Two action groups were chosen for the study of SLIM
calibration options. The first group consists of depres-
surisation actions in scenarios with relatively small
time windows for decision/diagnosis (under 30 min-
utes) whereas the second consists of depressurisation
actions in scenarios with large time windows
(exceeding 1 hour). These actions are defined to in-
clude both the operators' decision to perform the task
as well as the execution of the task.

The analysis steps in the study are:

1. Selection of calibration actions within each
group. The calibration actions for a group should
be selected so as to span the range of the FLIs for
the group (to avoid extrapolation). The actions with
the highest and lowest average FLIs across all the
expert teams (operator crews) were chosen as
calibration actions.

2. Task analysis. A task analysis was performed for
each calibration action. This task analysis yielded a
comprehensive description of the scenario, based
in part on the extensive event sequence diagrams
that had been used to generate the PSA event
trees. In addition, the procedures were examined to
determine the level of guidance they provide to the
operators in these specific cases. The plant staff
provided additional input with regard to the mod-
elled scenarios.

3. Quantification with the
(discussed in Section 2.2)

selected methods.

4. Quantitative and qualitative comparison. The
results obtained with the different methods were
compared quantitatively, at the level of the overall
HEPs as well as in terms of the relative contribu-
tions of the components of the task
(decision/diagnosis vs. execution).

2.2 Selected Quantification Methods

The methods considered for the study of calibration
options were the Technique for Human Error Rate
Prediction (THERP) [7], the Human Error Assessment
and Reduction Technique (HEART) [8], and INTENT
[9]. Simulator-based time reliability methods and
methods that use THERP values in their quantification,
such as the decision trees, were not considered.

Each quantification method is based on different
sources of data and has a distinct approach for
adapting this data in the analysis of a specific situation.

The THERP method is based on compilations of hu-
man performance data for different kinds of tasks. Ta-
ble 1 shows some data for the selection and use of
controls. To provide a measure of the uncertainty of
the HEP estimates, THERP data are provided in the
form of logarithmic distributions. The tables show the
median (the listed HEP) and the error factor (EF). The
probabilities obtained from these tables are further
adjusted by considering the situation-specific factors
identified in the qualitative (descriptive) part of the
HRA. THERP is a reference method and has the ad-
vantage of addressing all aspects of the actions con-
sidered in nuclear power plant PSAs. However, its

Table 1: Human error probabilities for the use of
some controls from THERP

Select wrong control on a panel from
an array of similar-appearing controls:

(2) identified by labels only

(3) arranged in well-delineated func-
tional groups

(4) which are part of a well-defined
mimic layout

Turn rotary control in wrong direction

(5) ...

HEP

0.003

0.001

0.0005

EF

3

3

10
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Table 2: Some error producing conditions (EPCs) from HEART

Error Producing Condition

6 Model mismatch designer/operators

9 Technique unlearning, application of
opposing philosophy.

10 Need to transfer specific knowledge
from task to task without loss.

13 Poor, ambiguous or ill-matched system
feedback

14 Delayed, incomplete feedback

maximum
effect

x8

x6

x5.5

x 4

x 4

Remarks

Under pressure, operators will revert to how they think the
system should function.

Techniques that rely on an opposing philosophy to achieve the
same outcome should be avoided.

Reliance should not be placed on operators' transferring their
previous knowledge. Suitable job aids must be made available
for reference.

Feedback must be available. The aim is "system transparency"

System response times should not exceed 4 sees. Information
should always be sufficient for operators to step confidently on
to the next part.

time reliability curves for diagnosis are considered its
weak point.

The HEART method is a quantification method based
on empirical data from various industries. It consists of
a small number of nominal tasks with HEPs that can
be upwardly adjusted to account for any of 32 error-
producing conditions (EPCs), such as time pressure,
lack of feedback, or conflicting objectives. Each EPC
has an associated maximum effect (a multiplier). To
quantify, the HRA analyst identifies the EPCs and as-
sesses a proportion of the potential maximum effect,
e.g. moderate vs. severe time pressure. Table 2 lists
some HEART EPCs.

The INTENT method for quantifying decision errors
was also applied for the diagnosis components of the
actions. It is based on consensus values from a group
of experts that are adjusted by considering a set of
decision-related performance shaping factors. In this
study, the HEPs for decision failures quantified with
INTENT were combined with the HEPs for the execu-
tion components calculated from THERP.

2.3 The Calibration Actions Selected

All of the calibration actions quantified concern the
cooldown and depressurisation of a pressurised water
reactor; they are summarised in Table 3. The group B
actions, the first two in the table, are characterised by
relatively little time available for diagnosis (15-30 min-
utes). The group C time windows for decision are in
excess of 60 minutes. Except for the SGTR scenario,
all of these actions involve the fast cooldown of the
plant (100 K/hr). Some reluctance to take the action
may be anticipated in real events (as opposed to the
simulator) because the resulting thermal stresses re-
duce the life of the plant.

The operator actions in the two scenarios with over-
cooiing are the most difficult actions in their groups. In
such cases, the resulting main steam isolation is a
complicating plant evolution that may mask symptoms
of the event.

3 COMPARISON OF RESULTS

3.1 Overall HEPs

The overall results are shown in Fig. 1, with THERP
values (diamonds) shown in the left half of the graph
and HEART values (squares) on the right. The sym-
bols indicate the mean values (open for the group B
actions, filled for group C). The vertical lines indicate
the range between the 5th and 95th percentiles.

It can be seen that THERP and HEART rank the four
actions consistently. In both sets of results, ODPSL is
assessed the lowest HEP and ODPSG has a lower
HEP than ODPSO. In addition, both methods yield
quite close HEPs for ODPSO and ODPLO, the two
more difficult actions in their respective groups. This
closeness could not be predicted since the time avail-
able is markedly different for group B (15-30 minutes)
and group C (more than 60 minutes). This shows that
despite the significant differences in the way the two
methods account for the important PSFs, they gener-
ate a consistent result in this case: both quantify the
two groups as approximately equally difficult.

Table 3: The calibration actions quantified in the
study.

Action

ODPSL
(B)

ODPSO
(B)

ODPSG
(C)

ODPLO
(C)

Scenario

Small LOCA

Small LOCA with
overcooling.

SGTR. Unisolatable
due to hardware
problems.

Letdown LOCA with
overcooling.

Some characteristics.

Relatively short time.
Low complexity. Easiest
of group B.

Relatively short time.
Moderate complexity.
Hardest of group B.

Long time. Low-
moderate complexity.
Easiest of group C.

Long time. Moderate-
high complexity. Hard-
est of group C.
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Overall Results
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Fig. 1: THERP and HEART results (mean values and
upper/lower bound).

The HEART values are typically about an order of
magnitude higher than the THERP values. Consistent
with its intended use for screening or preliminary de-
sign analysis, the method focuses on the potential
EPCs, adjusting the nominal probabilities upwardly,
without allowing credit for other factors that may com-
pensate for these. The selection of the nominal task
considers only the frequency of practice, the required
skills, and training.

3.2 Component HEPs

For the PSA, the operator "actions" are defined in
terms of the performance of a system function, in
these cases, the cooldown and depressurisation of the
plant. For the HRA quantification, however, the overall
HEP results are actually based on a decomposition of
the tasks into major sub-tasks. In these analyses, the
functionally-defined task from the PSA is broken down
into (at least) diagnosis/decision, which covers the
situation assessment and selection of the response,
and an execution component. The execution compo-
nent may itself be decomposed. For instance, although
the plant cooldown rate is automatically controlled, the
operators may have to intervene to keep the process
on track. In such cases, the execution component was
further decomposed into initiation, the manipulation
(execution) sub-task, and control, the remaining ac-
tions to keep the process on track (if any).

In addition, when the task analysis indicated that the
cooldown and depressurisation comprises distinct
phases with their own cues, these were modelled
separately. As noted in the description of the actions,
this was the case for both of the more difficult actions,
in the scenarios with overcooling. The tasks are first
decomposed into parts, each of which is decomposed
into the major sub-tasks.

For example, in the ODPSO task, which is a small
LOCA compounded with an overcooling transient, the
operators first lower the steam pressure below 80 bar
in response to the overcooling and then initiate a fast
cooldown when the small LOCA is diagnosed.

The percentage contributions of the component HEPs
for the calibration actions are shown below in Table 4.
The decision/diagnosis (diagnosis, in short) compo-
nents are shown in grey. It can be seen that, in some
cases, THERP and HEART assess differently the rela-
tive contributions of the different components. This has
consequences for error reduction, since the contribu-
tions indicate what sub-tasks are problematic. In the
THERP results, the execution part typically does not
contribute significantly while the total diagnosis com-
ponent is about an order of magnitude higher. The ex-
ception are some of the "control" parts of the actions.

Compared to THERP, the HEART results show higher
contributions for the execution parts. This may be be-
cause mitigating PSFs that may reduce an HEP are
not considered (recall that the HEPs are adjusted up-
wardly only). In our view, the method is not intended to
and is not very suited for deriving "best estimates";
instead, HEART helps to bring a quantitative perspec-
tive to the potential error producing conditions that are
flagged in a qualitative analysis.

Table 4: Contributions of each action component.

ODPSL

Fast Cooldown
Decision/Diag.
Initiation
Control

ODPSG

Cooldown
Decision/Diag.
Initiation
Control

ODPSO

Steam Depr.

Fast Cooidown

Decision/Diag.
Initiation
Control

Initiation
Control

ODPLO

Fast Cooldown

HPI Reset

Decision/Diag,

Initiation
Control
Decision/Diag,
Initiation
Control

THERP

2.1 E-3

8 1 %
6%

13%

9.2 E-3

56%
8 %

36%

2.1 E-2

2 2 %
6%
9 %

57%
2 %
6%

2.1 E-2

2 8 %
0.2 %

1 %
39%

6%
26%

HEART

1.8 E-2

28%
49%
23%

4.3 E-2

20%
10%
70%

1.0 E-1

27%
18%
4 %

42%
9 %
4%

1.6 E-1

26%
3 %
1 %

38%
3%

35%

3.3 Diagnosis HEPs

Because of the importance of the decision/diagnosis
components, their HEPs were examined more closely
in a comparison that also includes the INTENT results.
Fig. 2 shows the diagnosis HEPs for the decision to
cool down and depressurise the plant. With the excep-
tion of ODPSG (the SGTR case, second from the left),
all of these are for the decision to initiate a fast plant
cooldown. In all of the cases, the HEART mean value
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is very close (within a factor of about 2) to the 95th
percentile of the THERP distribution. This applies as
well to the two decisions that are not shown in this fig-
ure, for the steam depressurisation in ODPSO and the
manual control of high pressure injection (HPI) in OD-
PLO.

Diagnosis Components

1.0E-2

1.0E-3

1.0E-4

i

: : : : • . : : : : : : :

•• 4

i

I

:EEEEEEE
t

- .

1 iEi

ODPSL-D ODPSG-D 0DPS0-D2 ODPLO-D1

Fig. 2: Diagnosis HEPs for the decision to cooldown.

The INTENT results are somewhat higher than the
HEART values but not significantly so. It should be
noted that INTENT reflects a selected (i.e. limited)
view of the diagnosis part per action. It puts much em-
phasis on particular error categories that may be rele-
vant in a subset of diagnosis situations but obviously
not in all of them.

4 CONCLUDING REMARKS

Using other HRA methods to calibrate a SLIM analysis
adds further plant-specific information and quantitative
analyses to a SLIM HRA. These analyses can be sig-
nificantly more detailed than would be practical for the
whole HRA because they are performed only for the
calibration tasks. The results from the different meth-
ods show a remarkable consistency with respect to the
ranking of the actions according to their overall HEPs.
Although its values are clearly not "best estimates", the
HEART method was found to be useful in highlighting
in a quantitative perspective the potentially problematic
aspects of the different operator actions.
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