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Abstract

Recent studies showed that an increasing number of procedures are available in industrial processes, in fields such
as maintenance and safety. In many cases, the complexity of a procedure requires a decision-making process to
evaluate the correct choice to be adopted in a specific situation. To this concern, the operator is subject to the
mental workload to identify the proper strategy to be applied for each case. In the scientific literature, a model that
allows evaluating the task complexity of a procedure, through the ‘Shannon Entropy’ applied to graphs, was
proposed by J. Park. Similarly, the mental workload of an operator in performing cognitive -oriented tasks was
studied by G. Salvendy. Consistently to these topics, the authors propose a new model to estimate the mental
workload of an operator during the execution of cognitive-oriented tasks of safety or maintenance procedures. The
model has been applied to a numerical simulation; results obtained showed how the complexity of cognitive-
oriented tasks of safety or maintenance procedures allows affecting the mental workload. The model can be
usefully adopted to design emergency (safety) or maintenance procedures by considering the expected mental
workload of operators in performing cognitive-oriented tasks.

Keywords: Task complexity; procedure-guided task; mental workload; Shannon entropy; cognitive-oriented task

evaluate the complexity in the application of a

1. Introduction procedure, in maintenance and safety fields, are based
] ] ] ) ] on an analytic approach. In most cases, these methods
Despite  increasing  automation in  modern  do not consider the mental workload of the operator. In
manufacturing industry, human labour still represents  the safety sector this factor, if not properly evaluated,
an irreplaceable element in many operations and  can bring to significantly reduction of the performance
procedure (Boenzi et al., 2016). The employee  measure (Ante et al., 2018) or to fatal accidents.
performance and productivity are affected by many  According to the Safety Report, most of the aeroplane
factors related on one hand to the line efficiency and, accidents (approximately 80%) depend on human
on the other hand, to the well-being of the workers  error and only 20% on machine failures

(Digiesi et al.,, 2018). The recent methods adopted to  (International-Air-Transport-Association, 2018). In
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the case of Nuclear Power Plants, from statistics
studies conducted by INPO (Institute of Nuclear Power
Operation), 48% of failure events (2010-2011) were
caused by human error (Seong et al., 2013). Many fatal
errors are due to wrong behaviours of the operators in
procedures adoption. In these cases, when the
procedure does not allow to avoid or to minimize the
consequences of an accident, the proper question is
“the procedure wrong” or “the person is wrong”?
(Knight & Aucar, 2010). Many factors can lead to wrong
behaviour of the operator (e.g. stress, incompetence,
inexperience, etc.) in the adoption of the procedure.
The Human Failure Event (HFE) is the result of human
actions performed incorrectly and characterized by
errors of omission or errors of commission. In the first
case, three different ways can occur: the operator
forgets to execute an action, the operator acts with a
delay (the operator forgets to execute it or is unable to
perform it at the right time) or the operator performs
an action in advance (omitting to execute it at the right
time) (Hollnagel, 1998). The errors of commissions
occur when the operator acts incorrectly. The
probability of an error, omission as well as of a bad
decision of the operator in performing a procedure,
increase with increasing the complexity (Wischgoll et
al., 2019).

The TAsk COMplexity (TACOM) measure allows
evaluating the complexity of a task in the application of
procedures with an analytical approach based on graph
entropy (Park et al.,, 2001). Based on the TACOM
measure and considering the parameters task
uncertainty and task arrival rate introduced by
Salvendy. The purpose of the paper consists to develop,
starting from the methodology introduced by Salvendy
(Bi & Salvendy, 1994), a model based on the
information’s theory concepts allows identifying the
variability and changes of the complexity of procedure-
guided tasks and the corresponding perceived mental
workload.

The remainder of the paper is organized as follows:
A review of scientific contributions on the TACOM
measure and mental workload techniques is reported in
Section 2; in Section 3, the materials and method of the
introduced model are detailed; the discussion of the
numerical simulation results are in Section 4; finally,
conclusions are in Section 5.

2. State of the Art
2.1. TACOM measure

The TACOM measure allows to estimate the task
complexity of Emergency Operating Procedures in
Nuclear Power Plants (Park & Jung, 2007). The TACOM
measure is composed of five sub-measures each of
which considers different aspects of the task
complexity (Table 1). The contribution of each sub-

measure is related to the ‘Shannon Entropy’ (Shannon,
1948). It is a general concept of the information theory
applied to multiple fields (Mowshowitz, 1968). Each
sub-measure is identified by a specific graph (Park &
Jung, 2007) and the value of each sub-measure is
calculated through the ‘Shannon Entropy’ applied to a
graph (Mowshowitz, 1968), still evaluated in bit unit
(Rashevsky, 1955). Two out of five sub-measures
express the sequence (SLC) and the number (SSC) of
actions (nodes in a graph) that a subject has to cope
with to accomplish a given task. The SLC and SSC sub-
measures are represented by the same graph (ASG,
Action Structure Graph) (Table 1). Figure 1 depicts an
example of ASG.

Figure 1. Example of ASG

The evaluation of the entropy of a graph is depicted
in eq. 1 (Park & Jung, 2007).

h
Entropy = H == )" p(4) * log, p(4) [bit] &)

i=1

Where 4; is the it distinctive class in a graph, h is the
total number of distinctive classes and p(4;) is given by
the rate between the number of identical nodes in 4;
and the total number of nodes in a graph. The definition
of class depending on the concepts of first and second-
order ‘Shannon Entropy’ (Davis & Leblanc, 1988; Park
et al.,, 2001). The class of the nodes, in the first-order
entropy, depends on their in- and out-degree
branches. The nodes which have the same in- and out-
degree branches belong to the same class (in Figure 1
nodes 4, 6, 9, 10). For the second-order entropy, nodes
which have the same number and type of neighbor
nodes within one branch distance, belong to the same
class (in Figure 1 nodes 4 and 9). The same graph (ASG,
Action Structure Graph) represents the SSC and the SLC
sub-measures. A different contribution to the entropy
by SLC (expressed through the first-order entropy) and
the SSC (expressed through the second-order entropy)
sub-measure, is given. Depending on the specific sub-
measure, the first or second-order entropy is
evaluated.



Table 1. The TACOM sub-measures
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Sub-measures Definition Entropy Graph .
representation
SIC (Step Information Complexity due to the amount of information to be processed First ISG (Information
Complexity) by human operators order Structure Graph)
SLC (Step Logic Logical complexity originated from the sequences of actions First ASG (Action
Complexity) to be followed by human operators order Structure Graph)
SSC (Step Size Complexity caused by the number of actions to be conducted Second ASG (Action
Complexity) by human operators order Structure Graph)
AHC (Abstraction Complexity resulted from the amount of domain knowledge Second  AHG (Abstraction
Hierarchy Complexity) to be considered and/or required by human operators order Hierarchy Graph)
EDC (Engineering Complexity varied with respect to the amount of cognitive Second  EDC (Engineering
Decision Complexity) resources to be used and/or required by human operators, order Decision Graph)

which is needed to establish an appropriate decision criterion

The evaluation of the TACOM measure is described
ineq.2

TACOM =

0,621 % (0,716 * SIC + 0,284 x SSC)? + ()
= 10,239 (0,891 * SLC + 0,109 x AHC)? +  [bit]
0,14 x EDC"2

The TACOM measure to quantify the complexity of
procedure-guided tasks (Park, 2014) has applied.
However, the method does not consider some factors
that affect the complexity of procedure-guided tasks,
such as the task arrival rate and the quality of the
information provided that allows identifying the
variability in the complexity of procedure-guided
tasks. Currently, the operator who performs a task,
included in a procedure, receives data and information
from multiple sources, in many cases affected by
uncertainty and imprecision. The execution of a task
causes a significant mental effort on the operator.
Therefore, the evaluation of the procedure complexity,
considering the variability and uncertainty of the task
(i.e. task arrival rate and quality of the information
provided), represents the basic-information to
evaluate the operator’s mental workload involved in
procedure-guided.

The TACOM measure depends on the evaluation of
data collected in 112 simulations of Nuclear Power
Plants accidents (e.g. LOCA, SGTR, etc.) through the use
of a full-scope simulator adopted in a Main Control
Room (MCR) (Park et al., 2005). Each accident referred
to a specific procedure to be followed, each of which
composed of multiple tasks. The effort required by the
operators in performing the emergency task was
mainly a mental effort since the tasks were
characterized by cognitive more than motor workload.
Consistently to the approach adopted, the TACOM
measure represents a good indicator for cognitive-
oriented tasks.

2.2. Mental workload techniques

In scientific literature, the mental workload is defined
as the mental demand required to perform a generic

task, it is mainly related to the complexity of the task.
With increasing of the procedure-guided complexity,
increase the mental effort to be required to the
operator. In most cases, the increase of the mental
effort led to the increase of the Human Error
Probability (Digiesi et al,. 2019). According to Miller
(1956), the information-processing demand shall not
exceed the information-processing capacity of the
operator to perform the same task (Miller, 1956).
Consistently to this perspective, Rasmussen (1974)
claimed that each person has a limited processing
resources (Rasmussen, 1974.).

Are available many techniques aim to evaluate the
mental workload, a different methodology for each of
them is adopted (Xie & Salvendy, 2000). The empirical
methods depend on subjective opinions and
physiological-assessment measures like heart rate,
oxygen consumption and EEG (Neville Moray, 1988).
The analytical methods consist of two different sub-
categories, the first sub-category includes the
assessment through the “experts’ opinion” (Vidulich
et al, 1991). The second sub-category includes
simulation and mathematical models as well as task-
analysis methods. The simulation models depend on
the statistical nature of the task (Card et al., 1986;
Harris et al., 1986) are based on the control theory, on
the queuing and the information theory. In the case of
work environments that required continuous
controlling tasks and specific system parameters, the
control theory is generally adopted (Levison, 1979).
The queuing theory considers the operator as a single-
channel processor who performs multiple tasks, the
execution of the tasks simultaneously is neglected by
this approach (Moray et al., 1991). The information
theory considers the limited capacity of the operator,
according to Senders et al. the limit of this method is
related to the framework, generally too structured for
adopting in real tasks (Senders, 1964). In the phase of
the design process, the task-analysis methods to
evaluate the workload, are used. According to experts
they are generally adopted for specific and complex
scenarios (Linton et al., 1989; Wickens, 1991). Figure 2
summarizes the techniques described.
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Mental workload techniques

Empirical methods Analytical methods

—

Projective techniques  Task-analytic techniques

Simulationmodels ~ Mathematical models Task-analysis methods

4/1\.

Conirol theory Jnformation theory Queuing theory

Figure 2: Theoretical framework of modelling and estimating the
mental workload

Each of the described techniques for mental
workload assessment has pros and cons, so it is
necessary a joint adoption of more techniques for the
same case, to obtain an exhaustive evaluation. The
proposed methodology of Salvendy is based on the joint
adoption of mathematical models and task analysis
methods (Bi & Salvendy, 1994). The human mental
workload predicted, in this case, depends on different
task parameters. It can be applied to multiple scenarios
and does not require detailed information. The model
proposed by Salvendy, appropriately modified, allows
evaluating the mental workload of the operator
involved in procedure-guided tasks applying the graph
entropy concepts.

3. Material and Methods

The operator who executes procedure-guided tasks is
subject to a mental effort in performing the activities.
With increasing of the task complexity increase the
mental demand required by the system. The techniques
described previously for the mental workload are
domain and subject dependent: these lacks underlined
the necessity to evaluate the mental workload
objectively, starting from the measurement of the
complexity of cognitive-oriented tasks.

Mathematical models for estimating the mental
workload consider the operator as a ‘server’ with
limited memory capacity and limited information-
processing resources (Miller, 1956). Consistently to
this approach, the operator manages his limited
resources to face the multiple activities related to
decision-making (i.e. planning, monitoring and
information processing). A significantly cognitive load
is required by this kind of decision-making process,
according to Rasmussen (1974) the working memory
and long-term memory attitudes are needed to manage
these phases (Rasmussen, 1974). The working memory
can process only a limited number of elements, so to
satisfy the cognitive requirements, the long-term
memory of the operator is needed (Paas et al., 2003). In
other words, the information received is elaborated by

the operator in the working memory and together with
the information stored in the long-term memory, the
decision-making process is led. The operator has a
limited cognitive capacity, so it is necessary to
minimize his mental demand which depends on the
complexity in performing the cognitive-oriented tasks
of a procedure. Therefore, the evaluation of the
complexity of procedure-guided tasks allows
identifying the mental demand of the operator.

The parameters that describe the changes in the
system configurations represent the main sources of
the task load. They are related to the factors that reflect
the perceived mental workload of the operator (i.e.
mental demand, task temporal demand, performance,
effort level, frustration level) (Bi & Salvendy, 1994). In
the present model, the TACOM measure, the task
arrival rate and the task uncertainty are the system
parameters that change the system configurations (i.e.
complexity of procedure-guided tasks) and reflect the
variation of the perceived mental workload (Figure 3).

Complexity of
procedure-guided tasks

TACOM Taskuncertainty  Taskarrival rate

\L//

NASA-TLX
-physicaldemand
-mental demand
-temporal demand
-performance
-effort level
-frustration level

!

Human mental workload

Figure 3. Relation between the complexity of procedure-guided tasks
and the human mental workload

The task arrival rate represents the number of tasks
that an operator performs at the same time. In an
industrial context, an operator can face more than one
task at the same time. Therefore, the multiple tasks will
contribute to increasing the perceiving mental
workload (Moray et al., 1991). Increasing the task
arrival rate, increase the complexity required by
activities as well as grow the mental workload
perceived (Hwang et al., 1984; Sheridan, 1988).

The task uncertainty identifies the quality of the
information provided to the operator who bases his
decision criterion on them. Therefore, reducing the
quality of the information provided, increase the
complexity of the execution of the task. As a
consequence, increases the time required to perform
the task. In this case, indeed, the operator will pursue
his decision based on incomplete information. This
means that reducing the quality of the information
provided causes an increase in the complexity of the
activities and contribute to the increase of the
perceived mental workload (Tulga & Sheridan, 1980).
Five sub-measure, summarized in Table 1, are
considered for the TACOM measure evaluation. In



particular, the SLC and SSC refer to the task structure
as they express the sequence and number of actions to
be performed through the Action Structure Graph
(ASG). On the base of the graph entropy concepts, the
structure of the task (ASG), allows to affect the task
complexity (Park et al., 2001).

According to the structure of the graph, the mental
workload can be lower if compared to another graph
with the same number of nodes linked in a more
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complex and structured way.

The evaluation of the TACOM measure (SLC and SSC
sub-measures), by varying of the task arrival rate, task
uncertainty on the complexity of the procedure-guided
tasks as well as on the mental workload of operators are
summarized in the numerical simulation, introduced in
next section. In Figure 4, an example of three different
cognitive-oriented tasks required to the same operator
is showed.

Procedure-guided tasks

Task 1

Task arrival rate

" Task 3

Task arrival rate

mo/iﬁ

.

P P

Task uncertainty for Task 1

Task uncertainty for Task 2

Task uncertainty for Task 3

Figure 4. Example of a framework of procedure-guided tasks

TACOM measure
(SSC and SLC)

Task uncertainty for Task 1

Task uncertainty for Task 2

Figure 5. ASGs for 'Task1' (A1, B1, C1) and ‘Task 2’ (only A2 for simplicity)
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The three cognitive-oriented tasks required to the
operator can show up one at a time (e.g. task 1), two at
atime (e.g. tasks 1 & 2 or tasks 1 & 3 or tasks 2 & 3) or all
at the same time (tasks 1, 2 & 3). Consistently to the
different cases highlighted will change the value of the
task arrival rate (Figure 4). The task uncertainty
parameters and the TACOM measure (SLC and SSC sub-
measures) showed in fig. 5, affect the operator’s effort
in carrying out the cognitive-oriented tasks. For ‘Task
1’, the node ‘N1’ represents the task accomplished, the
operator can choose between multiple alternatives
each of them is strong dependently on the
characteristics of the information provided. In case the
information provided to the operator is complete and it
is of high quality (A1), a minimum number of actions is
required to complete the task. On the contrary, if the
information provided is incomplete and it is of a lower
quality (B1, C1), the difficulty to complete the task
increase. In figure 5, the ASGs of ‘Task 1’ (A1, B1, C1
ASGs) and’ Task 2’ (A2 ASG) are shown.

4. Results and Discussion
The quality of the information provided to the operator
for performing the cognitive-oriented task affects on

its complexity (fig. 5). Consistently with increasing of
the number of possible actions to be performed,

Table 2. Evaluation of SLC and SSC

increase the complexity of the task (TACOM measure).
By Comparing the ‘Task 1’ with the ‘Task 2’,
considering the same level of task uncertainty (i.e. level
A), it is possible to observe that the corresponding
graphs have different task structure (SSC and SLC sub-
measures). In this case, the values of SLC and SSC (for
A1, B1, C1, A2) identified adopting the equation 1.,
showed that for ‘Task 1’ increases the SLC and SSC from
A1 to C1 (Table 2). Two parameters (SLC and SSC) and
three sub-measures allow evaluating the TACOM
measure to identify the complexity of the procedure-
guided tasks.

The procedure-guided was simulated to identify the
corresponding TACOM measure. It has been observed
that increasing of the number of actions required to the
operator (SSC sub-measure), increase the amount of
the information to be processed (SIC), the amount of
the knowledge (AHC) as well as the cognitive resources
required (EDC). The analytical relationship between the
three sub-measures and SSC can be evaluated through
aregression analysis based on the data of 91 distinctive
simulations referred to emergency tasks (Park, 2009).
The results showed that increasing the number of
actions to be executed (SSC), increase the values of SIC,
AHC and EDC sub-measures (Figure 6).

TACOM

SLC [bit] SSC [bit]
1 1\ 4 4 1 1
A1 —{2 . (g* log, g) +2+log, g} = 1252 - {6 . (g* logzg)} = 2,585
5,2 2 3 3 1 1
1 — % — 4+ — —t = - — — )t =
B { ( *10g2 13) #1082 73+ 75+ 1082 33 + 5+ logz 13} 2287 {13 * (13 *log 13)} 37
C1 L +log, — 108y = + =+ logy o+ — x log, —) = 2,951 21+ (= x logy — )} = 4,392
{ (21 °g221) logz oyt aprlogegy tog gy tor® ngﬁ}_ ' _{ *(E* ngﬁ)}_ '
1 2., 5 1 1
A2 { (10 log; 10) * 1082 75+ 79 * 1082 10} =191 _{10 * (E* logzﬁﬂ =3322
from values of SLC and SSC (Table 2) as well as the
7 results of the regression analysis (Figure 6) previously
c P e identified was calculated. In Table 3 are summarized
- . 29 . the results.
x5 .
= n '.--u""-' .
4 AT ] Table 3. Simulation results of TACOM measure
7 é . H*Y | s @ AHC
1 .
i s v= Lol +G.88 EDC SIC SLC SSC AHC EDC
g, RS 06982 o [bit] [bit] ([bit] [bit] [bit]  [bit]
: y=1,0249%+1,0111
1 R?=0,7854 Al 3,66 1,25 2,59 3,47 3,31 3,01
0 Bl 4,80 2,29 3,70 4,69 4,52 4,11
0 1 2 3 4 5 6
ssc [bit] Cl 551 2,95 4,39 545 526 4,81

Figure 6. Linear regression analysis

The TACOM measure for each task (Eq. 2), starting

A2 442 1,96 3,32 4,28 411 3,74

The simulations carried out allowed to evaluate the



TACOM measure of various emergency tasks with
different complexity. For each simulation, the required
time needed to the operator to perform the task (TPT,
Task Performance Time) and the corresponding
Subjective Workload Score (SWS) was evaluated (Tab.
4). A correlation between TPS, SWS and TACOM has
been estimated through a regression analysis showed
below (Egs. 3, 4).

TPT = 1'34_ * eO,987*TACOM [S] (3)

SWS = 9,387 « TACOM + 2,7 [NASA — TLX score] (4)

Table 4. Simulation results of TPT and SWS

TPT SWS TACOM
(s) (NASA-TLX) [bit]
A1 26,13 30,95 3,01
B1 77,72 41,32 411
C1 154,12 47,83 4,81
A2 53,80 37,82 3,74

The estimated values of TPT and SWS are consistent
with TACOM measure, indeed increasing the
complexity, increase the evaluation in terms of TPT,
SWS and TACOM.

Similarly, the complexity of the procedure-guided
tasks (CP) can be evaluated considering the number of
tasks, k, performed at the same time by the operator. In
other words, TACOM; identify the TACOM measure of
the it task, can be calculated as follows:

k
cP = Z TACOM; [bit] (5)

i=1

If an operator performs at the same time ‘Task 1’
with ‘B1’ complexity and ‘Task 2’ with ‘A2’ complexity,
eq. 6 allows evaluating the corresponding CP value.

CPgi44z = TACOMg, + TACOM,, = 7,85 [bit] (6)

The results of the numerical simulation proved how
the system parameters, strictly dependently on task
arrival rate, task uncertainty and TACOM measure, are
related to perceived human mental workload (i.e.
mental demand, task temporal demand, performance,
effort level, frustration level). In the simulations
conducted, the model allows evaluating the perceived
mental workload by varying the system parameter of
the different procedure-guided with cognitive-
oriented tasks.

It has been shown that the perceived mental effort of
the operator is consistent with the change of the
number of possible actions to be executed in a
cognitive-oriented task. In other words, it was
identified the analytical relationship between the
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complexity of the procedure-guided task (figures 4 and
5, Task 1), evaluated by TACOM measure, task
uncertainty and task arrival rate, and the
corresponding perceived mental workload.

5. Conclusions

The present model highlights how the task arrival rate,
the task uncertainty and the TACOM measure affect the
complexity of procedure-guided tasks (CP) and the
perceived mental workload of the operator. The
approach adopted in the conducted work is considered
domain-independent since it is based on the general
concept of the information theory by ‘Shannon
Entropy’ graphs. The model proposed can be improved
considering other factors that affect the mental
workload of the operator, such as environmental and
organizational.

In the industrial area, the model may be useful to
evaluate the effectiveness of the procedure-guided
considering both the structure of the cognitive-
oriented task that the mental effort of the operator.
Consistently to this approach, reducing the quality of
the information provided, increase the workload that
will affect the worker behaviour (i.e. increase the
probability of errors or omissions, of the error of
commissions as well as task failure). Further studies
can be applied to support the design phase of
procedure-guided tasks with the purpose to predict the
subjective mental workload of the operator. The
adoption of the model allows identifying the critical
points of the procedure guided.

A promising improvement of the model proposed
relies on the assessment of the task complexity
adopting Industry 4.0 (14.0) technologies. The strong
connection between the 'smart' operator and I4.0
technologies (Facchini et al., 2020) allows simulating
the procedure adopted to enhance the capacity of the
operator to establish the proper choice during the
execution of cognitive-oriented tasks. The
improvements of the present model under I14.0
perspective, as well as the model validation in a real
industrial work environment, will be investigated in
future research.

Acknowledgements

This research work is part of the activities carried out in
the context of the SO4SIMS project (Smart Operators
4.0 based on Simulation for Industry and
Manufacturing Systems) funded by the Italian Ministry
of Education, Universities and Research MIUR (Project
PRIN — 2017FW8BB4).

References

Ante, G., Facchini, F., Mossa, G., & Digiesi, S. (2018).
Developing a key performance indicators tree for



International-Air-Transport-Association.

110 | 32nd European Modeling & Simulation Symposium, EMSS 2020

lean and smart production IFAC-

PapersOnLine, 51(11), 13-18.

systems.

Bi, S., & Salvendy, G. (1994). A proposed methodology

for the prediction of mental workload, based on
engineering system parameters. Work and Stress,
8(4), 355—371.

Boenzi, F., Digiesi, S., Facchini, F., & Mummolo, G.

(2016). Ergonomic improvement through job
rotations in repetitive manual tasks in case of
limited specialization and differentiated ergonomic
requirements. IFAC-PapersOnLine, 49(12), 1667-
1672.

Card, S. K., Moran, T. P., & Newell, A. (1986). The model

human processor: an engineering model for human
performance. In K. R. Boff, L. Kaufman, & R. J.
Thomas (Eds.), Handbook of perception and human
performance: Vol. 2. Cognitive Processes and
Performance. Wiley.

Davis, J. S., & Leblanc, R. J. (1988). A Study of the

Applicability of Complexity Measures. IEEE
Transactions on Software Engineering, 14(9), 1366—
1372.

Digiesi, S., Facchini, F., Mossa, G., & Mummolo, G.

(2019), A mathematical model of human error
probability  for cognitive-oriented tasks.
Proceedings of the Summer School Francesco Turco, 1,
423-429.

Digiesi, S., Facchini, F., Mossa, G., & Mummolo, G.

(2018). Minimizing and balancing ergonomic risk of
workers of an assembly line by job rotation: A
MINLP Model. International Journal of Industrial
Engineering and Management, 9(3), 129-138.

Facchini, F., Oléskow-Sztapka, J., Ranieri, L., &

Urbinati, A. (2020). A maturity model for logistics
4.0: An empirical analysis and a roadmap for future
research. Sustainability, 12 (1), 1-18

Harris, R. M., Glenn, F., Iavecchia, H. P., & Zaklad, A.

(1986). Human operator simulator. In W. Karwoski
(Ed.), Trends in Ergonomic/Human Factors III (Part A).

Hollnagel, E. (1998). Cognitive Reliability and Error

Analysis Method (CREAM). In Cognitive Reliability
and Error Analysis Method (CREAM).

Hwang, S. L., Barfield, W., Chang, T. C., & Salvendy, G.

(1984). Integration of humans and computers in the
operation and control of flexible manufacturing
systems. International Journal of Production Research,
22(5), 841—856.

(2018).
Safety report 2017. 54th edition.

Knight, N., & Aucar, J. (2010). Use of an anatomic

marking form as an alternative to the Universal
Protocol for Preventing Wrong Site, Wrong
Procedure and Wrong Person Surgery. American
Journal of Surgery, 200(6), 803—809.

Levison, W. H. (1979). A model for mental workload in
tasks requiring continuous information processing.
In N. Moray (Ed.), Mental Workload: Its Theory and
Measurement (pp. 189—218). Plenum.

Linton, P. M., Plamondon, B. D., Dick, A. O., Bittner, A.
C., & Christ, R. E. (1989). Operator Workload for
Military System Acquisition. In Applications of
Human Performance Models to System Design (pp. 21—
45).

Miller, G. A. (1956). The magical number seven, plus or
minus two: some limits on our capacity for
processing information. Psychological Review, 63(2),
81-97.

Moray, N., Dessouky, M. I, Kijowski, B. A, &
Adapathya, R. (1991). Strategic behavior, workload,
and performance in task scheduling. Human Factors,
33(6), 607-629.

Moray, Neville. (1988). Mental workload since 1979.
International Review of Ergonomics, 2, 123—-150.

Mowshowitz, A. (1968). Entropy and the complexity of
graphs: L. An index of the relative complexity of a
graph. The Bulletin of Mathematical Biophysics, 30,
175—204.

Paas, F., Renkl, A., & Sweller, J. (2003). Cognitive load
theory and instructional design: Recent
developments. Educational Psychologist, 38(1), 1—4.

Park, J. (2009). The complexity of proceduralized tasks.
In Springer Series in Reliability Engineering.

Park, J. (2014). Investigating the TACOM measure as a
general tool for quantifying the complexity of
procedure guided tasks. Reliability Engineering and
System Safety, 129, 66—75.

Park, J., Jeong, K., & Jung, W. (2005). Identifying
cognitive complexity factors affecting the
complexity of procedural steps in emergency
operating procedures of a nuclear power plant.
Reliability Engineering and System Safety, 89(2), 121—
136.

Park, J., & Jung, W. (2007). A study on the development
of a task complexity measure for emergency
operating procedures of nuclear power plants.
Reliability Engineering and System Safety, 92(8),
1102-1116.

Park, J., Jung, W., & Ha, J. (2001). Development of the
step complexity measure for emergency operating
procedures using entropy concepts. Reliability
Engineering and System Safety, 71(2), 115—130.

Rashevsky, N. (1955). Life, information theory, and
topology. The Bulletin of Mathematical Biophysics, 17,
229-235.

Rasmussen, J. (1974). The human data processor as a
system component. Bits and pieces of a model. Risg
National Laboratory-Roskilde, 1722.

Senders, J. W. (1964). The Human Operator as a Monitor



and Controller of Multidegree of Freedom Systems.
IEEE Transactions on Human Factors in Electronics,

5(1)) 2_5-

Seong, P. H., Kang, H. G., Na, M. G, Kim, J. H., Heo, G.,
& Jung, Y. (2013). Advanced MMIS toward
substantial reduction in human errors in NPPs.
Nuclear Engineering and Technology, 45(2), 125—140.

Shannon, C. E. (1948). A Mathematical Theory of
Communication. Bell System Technical Journal, 27(3),
379-423.

Sheridan, T. B. (1988). Task Allocation and Supervisory
Control. In Handbook of Human-Computer
Interaction (pp. 159—-173).

Tulga, M. K., & Sheridan, T. B. (1980). Dynamic
Decisions and Work Load in Multitask Supervisory
Control. IEEE Transactions on Systems, Man and
Cybernetics, 10(5), 217—232.

Vidulich, M. A., Ward, G. F., & Schueren, J. (1991). Using
the Subjective Workload Dominance (SWORD)
technique for projective workload assessment.
Human Factors, 33(6), 677—691.

Wickens, C. D. (1991). Processing Resources in
Attention. In D. L. Damos (Ed.), Multiple-task
performance (pp. 3—34). Taylor & Francis.

Wischgoll, A., Pauli, C., & Reusser, K. (2019). High levels
of cognitive and motivational contingency with
increasing task complexity results in higher
performance. Instructional Science, 47, 319—352.

Xie, B., & Salvendy, G. (2000). Review and reappraisal
of modelling and predicting mental workload in
single- and multi-task environments. Work and
Stress, 14(1), 74-99.

Lucchese et al. | 111



