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Abstract. Representative systematic evaluation studies of the workspace and the extent to which that space is suitable for per-
forming tasks have been developed by professionals engaged on finding evidence as to the importance of users and designers
being joint participants in drawing up projects. In this context, this paper sets out to evaluate the environment of a control room
in the hydroelectric sector, based on a multidisciplinary method which integrates ergonomics, architecture and environmental
psychology so as to assess the influence of space on the user, and thus to identify the user’s level of satisfaction with it. It was
observed that some adaptation strategies of the space for activities were not implemented satisfactorily, resulting in the need

for further studies on making workspaces suitable.
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1. Introduction

Identifying the suitability of an environment to the
user and the tasks undertaken involves many va-
riables, resulting in the task of measuring such suita-
bility, which is enormously complex, especially
when viewed from the standpoint of ergonomics. The
side of ergonomics that is dedicated to the study of
the physical environment is environmental ergonom-
ics or ergonomics of the built environment. The me-
thods of analysis of this segment are based on under-
standing the activities carried out in real work situa-
tions, considering the context and the diversity of the
individual participants.

However, Parsons [4], emphasizes his concern that
many ergonomic studies tend only to consider the
environment in a mechanistic way, by tackling only
levels of illumination and noise, for example. This
conduct has not contributed to good performance in
planning workplaces that are appropriate to their
function and to those who use them.

The use of norms is not sufficient to guarantee
good performance in designing environments. These

should be used in conjunction with knowledge of the"
activities and demands of the work, taking into ac-
count that many of the key issues that define layout
and ambiance are derived from the feelings and per-
ception of the user.

This article presents the results of an ergonomic
analysis of the built environment in a Control Room,
responsible for transmitting electric energy in North-
east Brazil. Control room environments are complex
and still largely unexplored environments, where the
physical arrangement of the environment influences
the operators’ behavior, thus determining the success
or otherwise of its architectonic design. The choice of
location was prompted because the Control Room
had undergone several phases of renovation so as to
be adapted for the information system, which re-
placed the synoptic tables. The activities undertaken
aim to keep the information system operating, by
conducting command activities, maneuvers and mon-
itoring using the monitors and screens that form a
video wall.
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To conduct the research, an interdisciplinary ap-
proach was used, integrating Ergonomics, Architec-
ture and Environmental Psychology, in the evaluation
of the influence of space on the user. Architecture
focuses on the physical environment and its relation-
ship to human life, by adapting the environment to
the users’ lifestyles. Environmental Psychology seeks
to discover what symbolic values of the physical
space are important and Ergonomics puts human be-
ings as the guiding element, by studying how the
space is used in order to tailor it to the tasks and ac-
tivities that will be performed in it.

2. Method

The method applied was based on the Ergonomic
Method of Evaluating the Built Environment
(MEBE), proposed by Villarouco [6]. According to
her, the method seeks to establish an analogy be-
tween the phases of the traditional analysis and those
needed to evaluate the space as the focus on the work
performed in it, by verifying possible interactions
that are harmful to productivity or that could lead to
improved working conditions. This method consists
of three steps: Overall Analysis of the Environment,
Identification of the Environmental Configuration,
Assessment of the Environment in Use in the per-
formance of activities. The first phase includes ana-
lyzing the physical environmental conditions. The-
reafter, a research phase begins on users’ perception
of the space they use based on applying Environmen-
tal Psychology tools. The assessment concludes with
the diagnosis of the situation studied.

The field research included taking measurements
of the physical environment and collecting data on
equipment and jobs, through direct observation, in-
terviews and questionnaires. We tried to get as much
information as possible on the environment of the
control room, because, among the environments of
all the control center environments, it is the one
which is the most complex.

The tools used in research are presented below, the
order of presentation of which is the same as that for
methodology: (1) Overall Analysis of the Environ-
ment (Walkthrough Analysis and Questionnaire on
the users’ opinion), (2) 1dentifying the Environmen-
tal Configuration (Surveys of physical aspects, fur-
nishings and equipment) (3) Assessing the Environ-
ment in Use when Activities are being performed
(systematic observations), (4) users’ perception of the
space (Questionnaire on users’ opinion about the

comfort of the environment and the constellation of
attributes) and (5) an Ergonomic Diagnostic of the
Environment.

3. Overall analysis of the environment

The Analysis of the Global Environment step is
the first contact with the environment in which what
should be sought are an understanding of the space,
the work performed in and charactering the main
problems. During this step, it is sought to raise as
much information as possible about the environment
of the control room by using Walkthrough Analysis
and a Questionnaire on the Users’ Opinions.

Before evaluating how the operators respond to the
environmental issues of the room, there is the need to
gather good knowledge of the location and social
context in which the operators are inserted from the
researcher’s particular point of view. The Walk-
through Analysis was undertaken by making use of
photographic records and notes in the field diary and
the floor plan of the building. The application of this
tool allowed us the positive and negative points as to
the physical aspects of the environment to be identi-
fied, as well as enabling the researcher to gain greater
familiarity of the space and its users, this being an
important source of data for planning other research
procedures adopted in the subsequent steps.

On entering the room, the first observation was
that it was clean and organized. The light colors and
textures of the furnishings create a pleasant environ-
ment. A negative impact is caused by the difference
in materials and unevenness of the floor. After fur-
ther analysis, some elements were identified as con-
tributing to visual pollution in the room, because
their placement had been improvised and was inap-
propriate. These were: a trolley for a television and
two vases with artificial plants.

The operators work under a shift system and there-
fore the job is shared between them all. Thus, per-
sonal items, such as photos, potted plants and decora-
tive items cannot be used to add personal touches that
would capture the character of each of them. It was
observed that in an attempt to give an identity to their
place of work, the operators use personalised wallpa-
per on the screen of one of the monitors to prepare
reports and documents. It was observed that opera-
tors value interpersonal relationships and the atmos-
phere between them is very relaxed.

The user opinion survey was designed for the pur-
pose of obtaining the operators’ personal and func-
tional data and information about their job. The ob-



1451

C.S. Falcdo and M.M. Soares/ Ergonomic Evaluation of the Environment

jective of the questions in the questionnaire was to
address various topics, which were divided into the
following three main groups: Personal Data, Func-
tional Data and Data on the workplace/ work envi-
ronment.

The results obtained from the first two sets of
questions show that operators belong to an adult age
group (over 30 years old) and have spent a reasona-
ble amount of time working in the company. Howev-
er, what is important is that most were in the compa-
ny from the time when refurbishment brought about
changes to the room to when the computerized sys-
tem was set up.

For the third group of questions, the main prob-
lems of the working environment highlighted by the
operators were:

— Operations Desk - was appointed the operators
pointed out that because the consoles are too far
apart from each, they make communication dif-
ficult and how they are positioned does not al-
low there to be a good view of the video wall.

— Equipment fittings - the supply of power by
electrical cables and structured cabling is loose,
apparent, underneath the operators’ consoles and
was signalled as a nuisance factor. Also cited
was the lack of power.

— False floor - between the video wall and the
consoles, there is an area of false floor covered
by metal plates that was previously used for the
passage of synoptic panel cabling. The operators
mentioned that because the plates are not se-
curely fastened, they generate noises when
stepped on, and moreover is a likely place in
which small animals and insects find shelter.

— Noise - the noise from equipment was men-
tioned, especially air conditioning, it is a nuis-
ance factor in the room, and also mentioned was
the lack of insulation for other rooms.

— Furnishings and equipment — these received a
smaller number (between 1 and 2) of mentions.
Chairs were said to be uncomfortable, monitors
poorly distributed, the phone positioned incor-
rectly and access to the advice folders difficult.

The main qualities of the control room pointed out
were: climatization (5), comfortable space (3), good
lighting (2), team harmony (2) and resources suffi-
cient to undertake the tasks (2).

4. Identification of the environmental
configuration

This stage dealt with assessing the environment. In
it, all the physical environmental conditioners were
identified ranging from the survey of the dimensions
of the space, lighting, ventilation, noise, temperature,
flows, layout, displacements, cladding materials and
accessibility conditions. This led to the first hypo-
theses on the question of the influences of the space
on the conduct of work activities.

The control room has three workstations for sys-
tem operators, a supervisor workstation, two mobile
filing cabinets with folders for consulting data and a
video wall panel, which was set up recently and is
still in the adaptation phase (See figure 1).

The benches of operators 1 and 2 are arranged in a
central position in the room, in front of the video wall
panel and house the equipment needed to perform the
control activity. That of the third operator is located
outside the area in which the video wall panel can be
seen. The supervisor's workstation, which is still im-
provised as a consequence of bringing in another
operator, is located opposite Operator 3.

On the bench of the workstations there is the fol-
lowing equipment: three 21” monitors that display
the system, a 21" monitor for communication opera-
tions with the local network and filling in report
forms, a 15 "monitor for the system, a support system
for alarms, a set of mouse and keyboard for each sys-
tem, a printer, a pigeon-hole in-tray for reports, a
PABX telephone, two spare telephones and another
just for internal communication. The desk has a use-
ful depth of 57cm, is U-shaped and consists of regu-
lar modules. The drawer for the keyboard is not used
and is on the desk, thus reducing the usable area of
the working surface, which makes the handling and
filling in of documents difficult. Beside the bench
there is a module with drawers for keeping personal
items and office supplies in.

4.1. Evaluation of the lighting

Measurements of the illuminance of the room were
carried out under the method of direct reading, using
a digital light meter, at two times of day, in the morn-
ing (9:40) and in the evening (19:00). Points in the
main points of activities in the room were marked, at
the peak of the work plans. By performing a general
analysis of all the points, it is observed that the illu-
minance levels are within the standards recommend-
ed by ISO 11064-3 [2], but are not distributed evenly.
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It was also noted that the lamps located near the vid-
eo wall are always turned off to prevent glare on the
screens.

4.2. Evaluation of the acoustics

The analysis was based on ascertaining the acous-
tic conditions of the environment, by noting the
sources of internal noise and whether they were
compatible with ISO 11064-6 [3], which recom-
mends that the value of 45 dB is not exceeded in con-
trol rooms. The measurements were taken using two
scenarios, one with air conditioning units turned on
and the other with them turned off.

In analyzing the data obtained, to begin with it was
assessed that the evaporator units of the air condi-
tioners of the Split System type were a major source
of noise, and the operators complained about this.

When taking measurements with the units turned off,
although we noted a certain drop in noise in the
room, the values were still higher than recommended.
Therefore, it was found that when the air conditioners
are turned off, the noise in the room is caused by the
equipment on the video wall.

4.3. Evaluation of the temperature

The control room has three air conditioners of the
Split System type that are kept on 24 hours a day. As
there is a remote control for them, the operators are
able to regulate the temperature and fan speed in ac-
cordance with their needs. They are satisfied with
having this ability, and reported that many of them
keep the temperature at the minimum, especially dur-
ing the graveyard shift.

VIDEO WALL =1
WINDOW & WINDOW
4 ¥ -+ £ 3
SUPERVISOR
OPERATOR 3 WORKSTATION
WORKSTATION }
> - > <
- OPERATOR1 =~ + OPERATOR 2 ~
WORKSTATION WORKSTATION
CORRIDORS

Figure 1. The Control Room Layout

5. Assessment of the environment in use in the
performance of activities

The objective of the step of evaluating the envi-
ronment in use is identify the function of the space as
a facilitating element or one that hinders the perfor-
mance of activities. Based on observing the operators
when they were carrying out their tasks, what were
noted were inadequacies in the furnishings and
equipment, interferences of flows, examples of dis-
comfort, and so on.

Operators communicate with each other constant-
ly, and move about between workstations. However,
very often, because they are on the phone or even

operating the system, it is not possible for them to
leave their desk to talk to a colleague. This situation
often forces them to speak loudly, which disturbs the
others who are focused on their activities. Operator 3,
because he is in charge of the records, is always in
contact with Operator 2 and with the supervisor, who
are at opposite ends of the room.

The location of the three system monitors is on the
bench on the left side of Operator 1, forcing him to
turn his body to view them and use the mouse.
Another issue observed as to the placement of the
monitors is that they block the view of some parts of
the video wall (See Figure 2).
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Figure 2. Operator 1 Workstation

Consulting the folders in the mobile file very often
occurs while the operator is on the phone. Therefore,
so as not to interrupt the connection, he leans across
the table to reach them or walks over to them with
the phone set resting on his shoulders and looks up
the file while standing.

As the room environment has been undergoing
constant modifications so as to adapt it to the com-
puter system, some items have been left unfinished,
which gives an image of improvisation and untidi-
ness, such as uncovered electrical cables and data, the
grills of the old central air conditioning system which
remain in partitions, false floor boards that are loose,
including many that are damaged, as well as the pres-
ence of bumps and differences in the finishing of the
floor.
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5.1. Analysis of the flows

During several visits to the control room, observa-
tions were made of the behavior of operators in their
work activities. These showed that both the operators
and the supervisor did not behave in a static manner,
they had meetings with each other in accordance with
the progress of events. Moreover, their activities
were not restricted to the boundaries the Operations
Desk via computerized equipment. Such activities
included consulting Document folders, located in the
mobile filing cabinets.

Data were acquired using Link Analysis which ac-
cording to Wood [7] is a technique used to determine
the communication between different team members.
The observations were made both in the periods con-
sidered quiet, but also in the busiest ones.

On carrying out a general analysis of the data
flows, intense communication between Operators |
and 2 was noted, as was that of Operator 3 with Op-
erator 2 and with the supervisor. Thus, the location of
Operator 3 is far away from the points where he goes
to most. The positioning of the supervisor makes it
difficult to communicate with other operators, espe-
cially with Operator 3, but also with the Pre-
operations team. Information obtained from the anal-
ysis of the flows is of fundamental importance for the
positioning of the workstations in the physical ar-
rangement of the room. In this case, the position of
the operators at separate islands, as well as the ar-
rangement of benches in the room, cause problems in
communication between them (See Figure 3).

VIDEO WALL

SUPERVISOR

FLOWS

UPPER
MIDDLE
LITTLE

Figure 3. Analysis of the flows
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6. Users’ perception of the space

The step of user’s perception can be considered es-
sential to evaluating the space, because it puts man as
the central character of all the actions. Two tools
were used in this step: a user opinion survey on the
comfort of environment and the Constellation of
Attributes.

According to Parsons [4], subjective evaluation is
recommended for the analysis of psychological fac-
tors, such as, for example, the situation of comfort.
Thus the opinion survey on the comfort of the envi-
ronment was applied with users, in order to grasp
their perception as to the thermal, lighting and acous-
tic conditions of their work environment.

As to the thermal conditions, the results showed
the operators were satisfied as to the room tempera-
ture, where the vast majority chose the option that
suggested the room temperature as it is.

Regarding the lighting comfort, the responses in-
dicated that a small majority noted problems regard-
ing the quality of lighting in the room, of whom six
respondents (46%) indicated that the lighting is com-
fortable. When the operators were asked for a more
specific answer to the type of nuisance from lighting,
this enabled the following considerations to be made:

— Video wall - The glare caused by the lamps shin-
ing on the monitors do not permit the data to be
seen from some points. At some angles, espe-
cially opposite the bench, the view of the data is
blurred. The excess lighting caused by sunlight
coming through the window also causes glare on
the panel.

— Lamps - Because of problems from defects, or
perhaps lack of ongoing maintenance, the lamps
flash from time to time. The lamps should be
appropriately distributed in line with the posi-
tion of the workstations.

With regard to acoustic comfort, unlike what was
observed in the physical measurements, the responses
indicated the evaporator units of the air conditioners
as the main sources of noises (11) and only two res-
ponses indicated the equipment on the video wall.

The Constellation of Attributes tool [1] was ap-
plied to the operators to record their images and ex-
pectations about an imaginary environment of a con-
trol room, as well as real space, i.e., the control room
where they work. The questions were as follows:

1. When you think of the environment of control
rooms, in general, what ideas or images come
to mind?

2. When you think of the environment of the real
control room what ideas or images come to
mind?

As per Figure 4, the psychological distance to the
center of each attribute is determined in accordance
with the number of responses, i.e., the more res-
ponses, the closer the attribute of the nucleus is.
When analysing the constellation as to the real envi-
ronment, it is noted that the factors most mentioned
are related to people’s access to the room, noise and
the disturbing presence of mosquitoes. In the constel-
lation as to the imaginary environment, silence and
privacy are the main images. When these images are
put into comparison with the real environment, it is
perceived that they are not being met. As for envi-
ronmental comfort, the temperature of the room was
identified as a positive aspect. However, noise and
inadequate lighting are disturbance factors as to the
real environment of the control room. The consoles
were identified as unfavorable as to their position.
When this attribute is observed in the constellation
referring to the imaginary environment, the need to
adapt the furnishings to the new conditions of the
activity of control is identified, especially after the
setting up of the video wall.
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Figure 4. The Constellation of Attributes for an imaginary and the actual Control Room

7. Ergonomic diagnostics of the environment

In line with the data presented in the previous
steps, the main environmental factors that influence
the well-being and quality of the control room envi-
ronment surveyed were classified, mapped as pre-
sented below.

a. Physical arrangement

In the control room, the limitations of the envi-
ronment, such as structural columns, rectangular
form, low headroom and access doors are factors that
hinder a functional arrangement of the workstations
and equipment. Despite these limitations, the panel
video wall panel was set up and all the physical ar-
rangement of the room should be rethought starting
with its location [2].

The access of unwanted people was regarded as
one of the main negative aspects. Because there is no
environment to receive visitors, they end up coming
into the room without permission. In addition to ca-
sual visits, the access to the room of employees from
other sectors was pointed out in the interviews. The
need for privacy is a primary factor evaluated by the
operators in the Constellation of Attributes.

Despite being related to organizational aspects, the
restriction on people access can be resolved from the
configuration of the environment. In this case, a re-
ception and waiting area should be set aside and se-
parated by a glass partition from the operations area.

b.  Physical ambiances

In all the tools applied, there are conflicting com-
plaints as to the lighting. It was observed that there
are places with low illumination, while in others, the

lamps and natural lighting have been identified as
causing glare. In this case, the need is shown for a
technical study on lighting, and adding the possibility
of replacing the curtains of light, usually put up in
offices, with more customized systems, thus allowing
the operator the flexibility to adjust the luminance
according to his/her needs.

A noise-free environment is essential to control ac-
tivity. It was identified that the room has important
sources of noise that should be corrected. It is of pa-
ramount importance to provide a soundproof parti-
tion in the space of the video wall equipment.

c.  Furnishings

The Operations Desks are important factors to be
considered. The bench has been criticized because of
the lack of space to house the equipment and because
of its shape, thus obliging the operator to assume
inadequate postures. Another issued observed is
about Operator 3’s bench, the position of which does
not allow him to see the video wall panel. Another
factor observed refers to the arrangement of sepa-
rated benches which makes communication difficult.
It is recommended that there is a need to group the
three operators into a single cell. The supervisor’s
bench should be close to Operator 3’s. The monitors
on the bench should be distributed such that they are
positioned to the front of the operators, thus avoiding
their constant movement between the screens. A
space for the passage of equipment wiring should be
provided for on the Operations Desks. The mobile
filing cabinets should be adapted to the new furnish-
ings, and situated in the center of the cell in order to
facilitate access to consulting the folders.

d. Flooring
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As noted in the user opinion survey, the floor
plates of the room are loose and need to be repaired,
as does the inspection lid through which the cabling
comes. The floor should also be leveled and covered
with a single material suitable for moving the chairs.

Finally, in the analysis undertaken of the space in
the control room, it was found that it is not fully ap-
propriate for the activities undertaken, with the most
recurring problems in order of highest frequency be-
ing: the need for privacy; noise; inadequate lighting;
and furnishings at odds with the activity performed.
Based on the recommendations proposed in this
study, this gap can be filled with correct architectonic
planning.

It is important to consider that besides the normal
requirements of maintenance and conservation, con-
trol rooms belong to a sector that is ever evolving
technology. In this sense, the changes in the envi-
ronment are inherent in the evolutionary process, and
spaces designed for this purpose, should as far as
possible, anticipating this evolution.

The factors considered positive and contribute to
the well-being and quality of the environment are: a
comfortable temperature, good relationships between
team members and satisfaction with the cleanliness
and appearance of the physical environment.

8. Discussion

As a result of the experiment, from the practical
ergonomic point of view allied to the architect’s en-
vironmental vision, it was possible to become famili-
ar with and experience the environment, the results of
which showed the efficiency of the method applied.
The analysis of the physical aspects of the environ-
ment together with the analysis of the user’s percep-
tion contributed effectively to identifying the influ-
ence of the elements of comfort in performing activi-
ties. Based on a systemic approach, always focused
on the user, on the elements identified as unsatisfac-
tory and on correcting them later, this approach can
promote a more suitable and satisfactory room for
operators. Given the above, this paper aims to contri-
bute to research in the area of Environmental Ergo-
nomics, by adding another example of addressing the
issues concerning the adaptation of environments to
users, when performing their activities.
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