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Abstract. Electrical systems can be categorized as critical systems where failure can result in significant financial loss, injury 
or threats to human life. The operators of the electric power control centers perform an activity in a specialized environment 
and have to carry it out by mobilizing knowledge and reasoning to which they have adequate training under the terms of the 
existing rules.  To reach this there is a common mental request of personnel involved in these centers due the need to maintain 
attention, memory and reasoning request. In this sense, this study aims to evaluate the Mental Workload of technical workers 
of the Control Centers of Electrical Energy.  It was undertaken a research on operators control centers of the electricity sector 
in Northeast Brazil.  It was used for systematic observations, followed by interview and application of the instrument National 
Aeronautics and Space Administration Task Load Index known as NASA-TLX. As a result there will be subsidies for an as-
sessment of mental workload of operators, and a contribution to improving the processes of managing the operation of electric 
utilities and the quality of workers. 
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1. Introduction 

 
Currently, the electricity sector is made up of do-

zens of companies through the agency in many dif-
ferent states and regions, can meet much of the coun-
try. The activities performed and services provided 
by the electric sector are essential to the whole popu-
lation, which is an important ingredient to the devel-
opment of a country. One of the biggest challenges 
companies face is increasingly related to health and 
welfare of workers especially those directly linked to 
system operation, in the technical operations. 

The activities of the operators of Operation and 
Control Centers are executed through cognitive tasks 
that use a complex and specialized. Have as a stan-
dard item, the prevention of incidents that disrupt the 
electrical system, or when it is no longer possible, the 
process of trying to return to normal, which is called 
System Recovery. They have to do it by mobilizing 
knowledge and reasoning for which they received 
training, which from the point of view of the existing 
rules are adequate, however, there are some factors 

that need to be improved, there are still incidents and 
accidents, caused mainly caused by fatigue lack of 
concentration or due to inadequate operator / screen / 
machine / computer. 

The operators of these areas are subject to a high 
degree of uncertainty because the actions of supervi-
sory control and cause there to be a need for an oper-
ator to handle various types of data and information, 
often responding to several requests efficiently and in 
a timely manner [30]. 

 Thus, it is clear that the development of tasks, re-
quiring more complex development processes relate 
to the activities of control and diagnosis, and excels 
in such activities, the operators of Operation and con-
trol rooms, where the human error can cause serious 
risks and losses [30]. 

 The Operation and Control Centers have a basic 
activity such as monitoring the functioning of the 
substation, where it is essential to make decisions and 
process information continuously. For this there is a 
request of frequent mental technicians involved in 
these centers because of the need to maintain atten-
tion, memory and reasoning request [30]. 
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Operation and Control Centers have a basic activi-
ty such as monitoring the functioning of the substa-
tion, where it is essential to make decisions and 
process information continuously. For this there is a 
request of frequent mental technicians involved in 
these centers because of the need to maintain atten-
tion, memory and reasoning request [33]. 

Among the factors involved in the decision-
making capacity may be cited [29]: 

• Postural requirements: Depending on factors 
such as existing equipment, lighting, state of conti-
nuous attention the task requires, and may lead to 
worker fatigue and impact on health and productivity 
of the same company; 

• The difficulty in interpreting the data: What 
can happen either due to environmental conditions 
such as noise, inadequate lighting and temperature as 
well as the qualitative and quantitative aspects of the 
presentation of information? 

• Those related to the visual aids and verbal 
information. 

• The duration of activity 
The impacts that may arise due to problems in 

electric power substations can lead to severe disord-
ers resulting from failures in electricity supply and 
affect also the concessionaire it se. lf, which is sub-
ject to fines and penalties by ANEEL (National 
Agency of Electrical Energy). Thus, this fact drives 
the electricity companies have human resources ca-
pable of making decisions quickly and effectively in 
order to attend the events, both as emergency contin-
gency [29]. 

Currently the automated equipment performs the 
greater proportion of mechanical and repetitive activ-
ities, while humans perform activities in dynamic 
contexts, requiring flexibility and quick adaptation to 
occur effective performance. This adaptation to con-
stantly changing circumstances due to the variability 
of processes and supervisory function of employees 
requires complex skills and cognitive abilities. In this 
scenario, the incorporation of cognitive component 
analysis of the work became a necessity, so that we 
can satisfactorily answer the complex skills involved 
in the operation of modern systems and shift work [4, 
5]. Moreover, new technologies allow closer man and 
technology, while increasing productivity gains.  
   The aim of this study is to evaluate the mental 
workload control and operation centers of Electric 
Power in order to identify the factors that most con-
tribute to the perception of the workload by em-
ployees and identify possible situations of overload. 

 

 2. The ergonomics 

Ergonomics, in its most recent definition, appears 
as a discipline technique that aims to know the "real 
work activity" aiming at its transformation. Study 
both the preconditions and consequences of work and 
the interactions between man, machine and environ-
ment during this work [22]. The ergonomic data and 
knowledge can support and guide the planning and 
implementation of preventive measures against acci-
dents and occupational diseases, but also reduce the 
physical discomfort [38] and mental health worker. 

The activity is the crossroads of a shuttle between 
the contents of two coefficients (effectiveness and 
efficiency) in a social context in which the different 
partners, which has the same vocation to raise ques-
tions to each other, relating to his professional activi-
ties, but do not have the same experiences, nor the 
same opportunities or hierarchical powers to put 
them into practice [25]. 

Besides increasing productivity, contributes to a 
reduction of workload (a) in its psychological com-
ponent, which determines the experiences of pleasure 
of the person, (b) in its physical component, mini-
mizing the efforts biomechanical and (c) into its 
component cognitive, lowering their requirements, 
such as memory, problem solving, information 
processing, among others [24]. 

Mental activities depend on the supply of afferent 
information and the memory usage for decision mak-
ing. The ergonomic design appropriate of work a 
system prevents mental overloads, including the loss 
or misinterpretation of signals, and facilitates quick 
and correct actions [21]. 

How is an interdisciplinary science, also addresses 
the physiology and psychology of work, anthropome-
try and society at work? Thus, an ergonomic inter-
vention can result: a direct demand (relative to work-
ing conditions) of an indirect claim (linked to job 
security, manufacturing, the difficulty of recruiting 
for a given post), or in a planning systematic studies 
to establish a system to improve quality and increase 
productivity [33]. 

2.1. Cognitive ergonomics  

Cognitive Ergonomics (EC) appears with the prac-
tical goals of security, contentment and well-being of 
workers in their relationship with production systems. 
Its subject is the operative mobilization of the mental 
capacities of human beings in the work situation. It 
seeks this mobilization occurs in the best conditions 
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possible and produce the results most relevant to the 
person dealing with their work and in everyday life 
[36]. 

During the procedure of analysis and intervention 
should be considered the capabilities and limits, both 
those related to the cognitive and physiological na-
ture of the individual, and we can thus explain the 
origin of errors and incidents attributed to human 
error [3]. 

The character of the work can be directed to the 
person or company performs. With regard to the per-
sonal dimension of the work has been the strategies 
used by operators to perform your task. This is exact-
ly ergonomic analysis of the object of activity that 
seeks to know how employees who have individual 
characteristics are to achieve the goals that are de-
termined by the task entrusted [22]. 

According to Duarte (2000) recognizes the varia-
bility of ergonomics in industry and the need for op-
erators to develop strategies to address and manage 
this variability, since the plants never work all the 
time as expected. 

Lima e Silva (2000) state that the fact that it is im-
possible to design automated systems that are reliable 
without human intervention makes increase the im-
portance of operators to ensure the smooth operation 
of the facility, being indispensable participation of 
workers in solving production problems. However, 
the responsibility placed on operators sometimes 
leads to trouble the life of them, in studies of conti-
nuous processes is common to find reports of opera-
tors who say they wake up startled colleagues to call 
the next turn to his own, to remind them not a prob-
lem communicated during the shift change. 

The cognitive activity is not directed only to the 
individual but also the functional system that in-
cludes human agents, artifacts and objects in interac-
tion. It is a symmetrical relationship between human 
agents and artifacts, where the artifact provides a 
better cognition of human agents allowing them to do 
more with the artefact than without it. Therefore, 
artifacts, particularly cognitive artifacts, enable the 
distribution of access to information, its spread and 
its treatment [13]. 

Weill-Fassina (1990) understand the cognitive as-
pects as being made up of operational modes of ac-
tion sequences, gestures, probate search and informa-
tion processing, communications, verbal or graphic 
IDs incidents or disturbances that characterize the 
actual task performed by the person. Thus, it is ne-
cessary to make records that describe the steps, the 
temporal development of activities, strategies, verba-
lizations and the relationships between these va-

riables and identify variables that will influence the 
current situation. 

Cognitive Ergonomics has a sub-specialty that 
studies and analyzes the treatment and handling of 
information on the computer and the male - in per-
forming a computer task. This particular case is 
called Ergonomics Human-Computer Interface (HCI) 
and applies in the context of computerized tasks, 
where the cognitive processes of the activities are 
prevalent. IHC is understood as the study of inter-and 
multidisciplinary character is concerned with compu-
tational systems to adapt its user in order to greater 
satisfaction, safety and productivity. 

According to Kroemer and Grandjean (2005) a 
human-machine system means to be human and the 
machine keeps a reciprocal relationship in which the 
human being has a key position, because it is who 
makes the decisions. 

The information highways and their directions are: 
the display conveys information about the progress of 
production, the operator needs to realizes this infor-
mation and understand it and read it correctly. Based 
on their interpretation and prior knowledge acquired, 
the human being makes a decision. The next step is 
to communicate his decision via the machine controls, 
and parameters can be shown by instruments. The 
machine then processes what was programmed. The 
cycle is complete when several important parts of the 
process, such as temperature or quantity, are shown 
to the operator [21]. 

Ergonomics applied to computer systems as is 
seeks to study the interaction between different sys-
tem components in order to develop parameters to be 
inserted in the design of applications that guide users 
and contribute to the task [3]. There is an axis that 
focuses on usability, related to the quality analysis 
system to facilitate their learning and their handling 
by the user. 

Carvalho et al. (2005) in a study of supervisors' 
decisions during the incident concluded that the mi-
cro work is often done through a dynamic redistribu-
tion of tasks or functions that involve interactions 
between individuals that facilitate the decision-
making. 

 
2.2 Mental workload 
 
The concept of workload originally derived from 

studies of occupational psychology, but was later 
taken up and developed by ergonomics. Covers the 
physical effort, the cognitive and psycho affective 
(emotional) to meet the demands of the task and is 
divided into physical and psychic pressure. On the 
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other hand the physical load of work is mainly due to 
the technical requirements for processing the work 
object and can be present both in the workplace and 
outside it, where it is cited as an example, noise, 
temperature and lighting. On the other hand, the 
mental burden relate in a general way, the expe-
riences of stress or psychological decompensation on 
the organization [11]. 

The concepts of mental workload and mental load 
is related to cognitive ergonomics, since this branch 
deals with the cognitive aspects related to the task 
through the Cognitive Architecture that involves the 

description of the different elements that constitute 
the cognitive system and their relationships. While 
mental workload refers to the workload related to 
psychological and cognitive aspects of the task [26, 
27]. 

The association between mental workload and 
cognitive architecture was proposed by Richard 
(1990) and can be seen in Figure 1. 

 
 
 

 
Figure 1 

Cognitive architecture associated to mental workload concept 
 
 
In the model presented is the consideration that au-

tomated reasoning has a mental burden lower than 
those associated with resolving problems. This initial 
guess can be confirmed or not in a particular work 
situation. 

Rasmussen (1991) proposes a concept of mental 
workload associated with the cognitive architecture 

that does not have an ordinance increasing the mental 
load that can be brought from the architecture itself 

In this case, one cannot associate the mental load 
and a linear distribution associated with increasing 
cognitive architecture as in the case of Richard 
(1990), but the overhead is calculated at each step 
proposed by the architecture, as observed in Figure 2. 
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Figure 2 

Cognitive Architecture of  Rassmussem 
 

Moray (1998, apud CORRÊA, 2003) presents an 
interesting parallel between the construction of men-
tal models by operators in complex systems and men-
tal workload. In this work he shows that the operator 
usually divides their work in various models and sub 
models and states: the effect of levels of modeling is 
to reduce the mental burden of the operator [13]. 

What we try to emphasize is that the use of subjec-
tive methods for assessing mental load gives re-
searchers a basis for comparison between different 
moments in performing the same task or between 
different tasks. From this base, you can make a series 
of investigations, including bridging the barrier is 
psychological and organizational aspects. 

 
 

3. Brazilian electric sector 
 
Institutional changes currently underway in the 

Brazilian electric sector are aimed at establishing a 
free market in energy, increasing the efficiency of the 
industry by enabling competition and raise funds for 
expansion. In this market, like any other, participants 
and agents seek to improve its strategic position by 
achieving a competitive advantage over competitors, 
in order to allow its survival and growth in the sys-
tem of free competition [12]. 

The analysis of changes in the actions of agents of 
the sector, resulting from the recent institutional 
changes in the electricity sector, therefore, must refer 
to the factors that determine competitiveness in the 
segment, to evaluate the standard of competition and 
competitive strategy that is presumably being 
adopted by companies. 

 
3.1. Electric power control center 

 
The control and operation centers have basic activ-

ity functioning surveillance systems, where it is es-

sential to make decisions and process information 
continuously. For this there is a common mental re-
quest of personnel involved in these operation centers 
because of the need to maintain attention, memory 
and reasoning request [22].  

By observing the activities of an operator of the 
control and operation centers of Electric Energy finds 
that it performs an intense cognitive activity in a 
complex, specialized and dangerous. They have as a 
standard item, the prevention of incidents that disrupt 
the electrical system, or when it is no longer possible, 
the process of trying to return to normal. They have 
to do it by mobilizing knowledge and reasoning for 
which they received training, which under the terms 
of the current standards are adequate, however, there 
are some factors that need to be improved, there are 
still incidents and accidents, caused mainly caused by 
fatigue, lack of concentration or due to inadequate 
operator and computer screen [7].  

Electrical systems can be categorized as critical 
systems - systems where failure can result in signifi-
cant financial loss, physical harm or threats to human 
life. In these systems, there is an operator interface 
that presents a mixed result in misinterpretation and 
induces errors during the decision-making. It requires, 
therefore, these systems, among other characteristics 
of quality: safety, adaptability to different users and 
levels of experience, and ease of learning and use 
[24]. 

Salles (2010) presents and analyzes various as-
pects of the technicians of the electricity sector and 
covers aspects of cognitive ergonomics and its con-
tribution in the areas of reasoning, comprehension 
and memory among others. 

The task of the operators are performed by mobi-
lizing knowledge and reasoning for which they re-
ceived training, which from the point of view of the 
existing rules are adequate, however, there are some 
factors that need to be improved, there are still acci-
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dents, incidents caused mainly caused by fatigue or 
concentration. The complexity of the task can be de-
fined by different factors. Well-Fassina (1990) cha-
racterizes the complexity of the tasks of the cognitive 
point of view. 

The task tends to be more complex: 
• The greater the number of elements to be 

treated; 
• Require the subject to a capacity assessment 

and anticipation of the procedures and malfunctions; 
• If it requires an individual to a marked ca-

pacity for abstraction; 
• If your nature is dynamic and uncertain, 

raising the number of disturbances. 
As for the reasoning employed by operators to 

solve the problems of operation and control, has been 
studied primarily caused by verbalizations in a situa-
tion of simulation and so much more rare, making the 
operator narrate their activity. However, according to 
Vidal (2000) there is always an influence of frequen-
cy of incidents on the reasoning of the operators, and 

in this case, a situation that shows familiarity, quick-
ly produces a habitual response, which may not be 
the most appropriate option. There are sometimes 
"shortcuts" in arguments, which are explained by 
operator experience. 

According to Abrahão (2000) the activity of an 
operator continuous process basically consists in ob-
taining, processing and storing information from dif-
ferent points of different nature and different content. 
From this, it builds your problem to then act on the 
functioning of the process. For this action to be effec-
tive he must have access to an updated representation 
(real time) of the functional state of the system. Car-
valho et al. (2008) assert that using the approach of 
human factors in design of control systems in all in-
dustries presents many opportunities for improve-
ment with regard to the system's effectiveness, effi-
ciency, reliability and security. 
. 

 

 
 

 
 

Figure 3 
The typical Electric Power control Centers  

 
4. Methods and models 

 
This research was a descriptive study, and its 

results were analyzed quantitatively in substations of 
electric power in Brazil, comprising 27 operators. 

The instrument used was the National Aeronautics 
and Space Administration Task Load Index known as 
the NASA-TLX [28], which was developed by the 
NASA Ames Research Center in 1986, after 3 years 
of studies involving over 40 laboratories’ research 
and flight simulations. The NASA-TLX method 
works with physiological indicators associated with 
subjective methods in situations simulated in the la-
boratory or in real situations and operational work, 

taking great advantage of being applicable to various 
operators and activities without the need of changes 
in its structure. The NASA-TLX was developed from 
the concept of mental workload of DIN 33405:1987-
02s predecessor, in accordance with ISO 10075 [30]. 

It is a multidimensional assessment procedure 
that gives an overall score of the workload based on a 
weighted average of the scores obtained in the six 
factors of NASA-TLX scale. These six factors are as 
follows: levels of achievement, effort and frustration, 
which have strong influence from the characteristics 
of individual operators, and the requirements of men-
tal, physical, and time factors that are determined by 
the work situation [11]. 
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With regard to satisfaction with the performance 
of the staff, the level of effort with respect to how 
much one has to work physically and mentally to 
achieve a good performance, as well as the level of 
frustration, factors that inhibit the performance of 
work, such as insecurity, irritation, lack of stimula-
tion, and setbacks are important. On the other hand, 
the mental requirement involves mental activity 

needed to complete the work, and the physical re-
quirement corresponds to physical activity required 
for the performance of work requirement and time on 
the level of pressure needed to achieve the same  
(Table 1) [14]. 

 

 

 

Table 1 - Factors considered in the NASA-TLX Instrument 
 

Factors considered Low Limit High Limit 
Mental Demand 

 
Tasks considered easy, simple, goals achieved without 

difficulties 
Tasks difficult, complex, requiring much 

mental effort to achieve the goal 
Physical Requirement 
 

Light, slow, easily accomplished tasks Heavy, quick, strong, and lively tasks 

Temporal Requirement 
 

Slow and relaxed pace, with low pressure to the termi-
nation of activities 

Fast and furious pace, with lots of pres-
sure for completing the activities 

Level of Effort 
 

You feel very happy and are praised when it reaches the 
goals 

You become no satisfied and almost no 
one notices your work 

Level of Achievement 
 

For the task to be performed successfully, surface con-
centration, muscle strength light weight, and simple rea-
soning are required (lack of skills) 

Deep concentration, muscle strength, in-
tense, complex reasoning, and great skill are 
needed 

Level of Frustration 
 

You feel safe, happy, and relaxed when you  run the 
task 

You feel insecure, discouraged, angry, 
and bothered with the task 

 
 

5. Data analysis 
  

The overall weighted average ranged from 8.81 to 
17.77 (= 14.36, SD = 4.54). In order to obtain an  

 
 

overview of the overall scores given by the weighted 
sample, descriptive analysis was performed, as mean, 
standard deviation and quartiles according to Table 2. 
 

 
Table 2 

Score of the Results of the Weighted Overall Rate (WOR) of the sample 
 

 Distribution points that di-
vide the quadrants 

 
Standard Devia-
tion 
(SD) 

Weighted Overall Rate (WOR) 
Areas 

Applied Range 
(AR) 

N Mean Value 
(MV) 

25% 50% 75% 

Mental Demand 
Physical Requirement 
Temporal Requirement 
Level of Effort 
Level of Achievement 
Level of Frustration 

1–20 
1–20 
1–20 
1–20 
1–20 
1–20 

27 
27 
27 
27 
27 
27 

17,77 
10,25 
17,00 
15,88 
15,74 
8,81 

17,00 
7,00 
17,00 
14,00 
15,00 
5,00 

19,00 
11,00 
19,00 
16,00 
16,001
0,00 

20,00 
13,00 
20,00 
19,00 
19,001
4,00 

3,77 
5,36 
4,39 
4,04 
4,46 
5,21 

WOR 1–20 27 14,24 12,5 16,20 18,00 4,40 
 

The higher the average Mental Requirement 
(EM), the more the individual feels that demand in 
the workplace. The average was 17.77 EM. The dis-
tribution of scores by percentile shows that 75% of 
the sample have a score to 20.00. Taking into account 
that the scale of the domains varies from 10 to 20, 
whose mid-point (which represents a point of indiffe-
rence or neutrality) 19.00, scoring 19.00 indicates 
that 75% of the sample has high scores in EM. 

With regard to the physical demands (EF), found 
that 25% of the sample has to score 7.00. Thus, one 
quarter of the sample has low scores. Half of the 
sample (50%) had scores of up to 11.00, which 

equates to a low score on a scale ranging from 1 to 
20. The average EF is 10.25. It is observed that the 
demand for physical effort is indeed very small, since 
most of the time the operators are sitting, they stand 
only in certain situations to monitor the machines or 
when directed into the courtyard to perform inspec-
tions on equipment. 

With regard to the Temporal Requirement (ET), 
is that in general, the average of 17.00 which shows 
high levels of mental demands. This is confirmed by 
the distribution by quartile, while 25% of the sample 
has to score 17.00 in the scores of temporal require-
ment. Half of the distribution has to score 19.00. 
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Thus, the sample of operators has high time require-
ments. The level of effort brings together the physical 
and mental demands and the study has an average of 
15.88. It is observed that 25% of the sample has 
scores up to 17.00, thus, one quarter of the sample 
has moderate score, 50% of the sample have scores 
to 19.00. As mental demands presents high values, 
while the physical demands, low values, there is a 
level of effort to moderate score. 

The distribution of scores by quartile shows that, 
with respect to Level of Achievement (NR), 25% of 
the sample has a score of 15.00, while 75% have a 
high score of 19.00. The average of 15.74 shows a 
high score. It is possible to conclude that the opera-
tors are happy when they successfully perform the 
activities they are intended. 

Level of Frustration in the field (NF), 50% of the 
sample has a low score of 10.00 and scores of 75% of 
the sample is 14.00. As a result, operators have low 
values in relation to the level of frustration and in this 
way they feel safe when they realize their work. This 
security may be a consequence of routine training 
that the company does, thus giving subsidies to em-
ployees to perform their activities. 

In this light, it appears that among the analyzed 
categories that make up the overall rate the highest 
weighted average corresponds to Mental Require-
ment ( X = 17.77), followed by Temporal Require-
ment ( X = 17.00). The lowest averages relate to 
Physical Requirements ( X =10.25) and the frustration 
level ( X = 8.81).  

 
 

6. Conclusions  
 
- The measurement of the mental requirements 

average level was high EM=17.77 (range 1.00 to 
20.00). The distribution of scores by percentile shows 
that 75% of the sample has maximum score to 
EM=20.00. 

-With this method there will be subsidies for an 
assessment of mental workload and ergonomic as-
pects of the operators at the Electric Power Control 
Centers.  
- With these data will be a contribution to the opera-
tion management of the electric utility company.  
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