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1. Introduction

It is a well-known fact that a large portion of human
performance related problems was attributed to the
complexity of tasks. Therefore, managing the
complexity of tasks is a prerequisite for safety-critical
systems such as nuclear power plants (NPPs), because
the consequence of a degraded human performance
could be more severe than in other systems [1]. From
this concern, it is necessary to quantify the complexity
of emergency tasks that are stipulated in procedures,
because most tasks of NPPs have been specified in the
form of procedures [2].

For this reason, Park et al. developed a task
complexity measure called TACOM [3]. In this study,
in order to confirm the validity of the TACOM measure,
subjective workload scores that were measured by the
NASA-TLX technique were compared with the
associated TACOM scores. To do this, 23 emergency
tasks of the reference NPPs were selected, and then
subjective workload scores for these emergency tasks
were quantified by 18 operators who had a sufficient
knowledge about emergency operations.

2. Background

The TACOM measure consists of five sub-measures
that characterize five kinds of remarkable factors
making the performance of procedural steps
complicated. More detailed explanations about the
quantification of TACOM scores can be found in Ref.
[3].

The validity of the TACOM measure was
preliminarily examined by comparing the estimated
TACOM scores with task performance time data that
were extracted from OPERA database. OPERA
database has been developed by KAERI, and it contains
many kinds of plant- and domain-specific operator
performance data obtained under simulated emergencies
[4]. As a result, it was observed that TACOM scores
were strongly correlated with averaged task
performance time data that denote an elapsed time from
the commencement of a given task to the
accomplishment of it [3]. This result was insightful
because it provided crucial evidence for supporting the
fact that the TACOM measure can properly quantify the
complexity of emergency tasks.

3. Rating subjective workload scores
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As explained in the previous section, it is expected
that the TACOM measure is serviceable for quantifying
the complexity of emergency tasks. However, in order
to confirm this expectation, an additional validation is
indispensable because the response time (i.e., the task
performance time) is one of the representative measures,
which can reflect a facet of human performance [5]. In
this regard, it is desirable that a subjective workload
could be used as reference information, because the
subjective workload is susceptible to the level of
cognitive demands [6]. From this perspective,
subjective workload scores were collected through the
cooperation of the reference NPPs.

3.1. Subject

18 SROs who are working in the MCR of the
reference NPPs were selected to quantify the subjective
workload that they felt under simulated emergencies,
since they had sufficient experience on emergency tasks.

3.2 The NASA-TLX technique

Of many subjective evaluation techniques, the
NASA-TLX technique is selected to measure the level
of a workload perceived by SROs, since this is known
as one of the most suitable techniques for evaluating an
experienced workload [7]. The NASA-TLX technique
consists of six dimensions, such as a mental demand,
physical demand, temporal demand, performance, effort
and frustration [8], and the overall workload score can
be quantified by the average of subjective ratings on
them [7]. Therefore, based on their previous experience
from the periodic training sessions, SROs were asked to
rate six dimensions by using an arbitrary scale from 0 to
100.

3.3. Collecting subjective workload scores

In total 23 emergency tasks that were extracted from
six kinds of EOPs were selected as the tasks to be
subjectively evaluated. On the basis of the selected
emergency tasks, eight tasks were randomly assigned to
each SRO with written descriptions about the tasks.

4. Result
Subjective workload scores for 23 emergency tasks
were successfully secured from 18 SROs. However,
before comparing them with the associated TACOM
scores, it is indispensable to check the reliability of
subjective workload scores. To this end, the consistency
(or the agreement) of subjective workload scores was



investigated by using the intra-class correlation (ICC)
coefficient [9].

As a result, subjective workload scores for 16
emergency tasks were determined as reliable data.
Therefore, TACOM scores for 16 emergency tasks were
quantified. Table 1 summarizes averaged subjective
workload scores for 16 emergency tasks with the
associated TACOM scores. In addition, Fig. 1 shows the
result of a regression analysis as well as ANOVA table
by using the data shown in Table 1.

Table 1. Averaged workload scores with the associated
TACOM scores

Emergency | Averaged NASA- | TACOM
task ID TLX scores scores
2 41.3 1.90

3 44.7 1.90
4 45.6 2.07

5 46.3 2.25

6 38.8 1.90

7 53.9 2.56

8 52.2 2.25
10 54.6 243
12 43.1 2.07
13 48.6 2.38
14 53.9 2.49
16 39.5 2.07
17 47.1 2.59
18 48.8 2.49
22 61.3 2.38
23 51.0 2.10
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Treatment 1 250.56  250.56  12.01 <0.01
Residual 15 312.83  20.86
Total 16 563.39

Figure 1. The result of comparisons between averaged
subjective workload scores and the associated TACOM scores

Fig. 1 indicates that there is a significant correlation
between averaged subjective workload scores and
TACOM scores (R* = 0.48). In addition, the p-value
indicates that the changes of subjective workload scores
are attributable to the changes of TACOM scores.
Therefore, it is reasonable to expect that TACOM
measures are meaningful in explaining workload scores
perceived by SROs.
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5. Discussion and conclusion
In this study, the appropriateness of the TACOM
measure is scrutinized by comparing subjective
workload scores that were measured by the NASA-TLX
technique with the associated TACOM scores. As a
result, it was observed that TACOM scores are
significantly correlated with subjective workload scores
that are representative of cognitive demands placed on
human operators. This observation strongly supports the
notion that the TACOM measure could be useful for
quantifying the complexity of emergency tasks.
Therefore, although additional activities may be
indispensable for a more decisive conclusion, it is
expected that the TACOM measure could be used to

quantify the complexity of emergency tasks.
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