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Abstract 

 

Due to the varieties in knowledge advancements nowadays, the concepts of control room 

have been created in different directions. These concepts have been implemented in various 

fields of business to increase advantages over competitors. Meanwhile, an individual 

company has its own experiences and strategies, the results in the actual implementation are 

different to the conceptual plan. Most of them were not qualified to the actual specification 

and expectation. These exposures lead this research to find out and discuss about the proper 

criteria to improve the control centers‟ performance. The viewpoints used in this study are 

discussed based on the perspectives of control system designers, operators, and researchers to 

create validity for the analysis and conclusion. The final result of this research can be used to 

generate realization in the necessities of improving control centers to support the operators‟ 

performances to create competitive advantages for business sectors. In conclusion, this 

research aspires to be used as a guideline for the control centers design and improvement 

strategies to increase their performance and productivities. 
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1. Introduction 

The introduction of this thesis will give you basic understanding of control room and how it was 

developed. Meanwhile, it will discuss the functions and problems that exist in mostly current 

control centers in various fields of business all around the world.  

 

 

 

Since the rise of industry era, control rooms have played significant roles in various 

industries as the center of human and machine/technology interactions. The concept of 

control room application in those organizations is to make use of the available technologies to 

control and monitor the main business operations including manufacturing, logistics, service 

providing, and etc. The implementations of control rooms have mostly claimed to increase 

business profit, improve operational performance, and reduce production losses. These 

advantages have led the control room concepts to be growing rapidly and it has driven the 

success in many business sectors. 

Most of the control room concepts and designs have been developed to centralize the 

information logistics between operations within the system, so that the whole picture is 

illustrated and most activities are synchronized. Nowadays, those implementations have 

shifted the paradigm of the control room concept into control center, and the studies have 

been more concentrated in order to simplify industrial operations and create more effective 

results.  

Over the past few decades, due to the complexities in the business and industrial systems, the 

old-traditional control center functions have not been advanced enough for the business and 

industrial operations. This leads to the integration of more applications to value-add to the 

key control activities. False detection, performance visualizing, and resources evaluation are 

some examples. Therefore, more advanced technologies come in to enhance overall control 

performance for the current as well as future status of control centers. As a result, the 

technologies development and field of application have caused control rooms‟ concepts to 

change all the time. 

Criteria for control center design and improvement contain complex factors to be considered. 

These include human-machine/technology interaction, which is the core concept in 

technological aspect in control center application. Many researches are performed to improve 

the system performance by enhancing human‟s capabilities in operating technologies to make 

the control operation more effective and efficient. This result the operator works to become 

more dependent on machines. However, the technologies integration has also brought about 

drawbacks to the human who are the users of the system. The results of most researches show 

that the long working hours in control centers can cause many physical and psychological 

impacts to the operators in long term. Ergonomics and usability will be the key solution that 

clarifies the issue. 
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This research is conducted to collect supporting information from control center designers 

and users/operators‟ tacit knowledge along with researchers and scholars‟ explicit knowledge 

in the related field of control center development. This is to create the awareness of the 

importance of ergonomics and usability to be implemented in control center designs and 

improvements from different perspectives. These disclosures will help most business 

entrepreneurs and management to investigate and invest in control centers improvement to 

gain operation performance by improving the support systems for their operators. It can be 

considered as a guideline to perform the improvement operations in control centers. 

Lastly, a control center design and improvement model will be suggested to support the 

discussions and recommendations of the research. The model will be constructed from the 

support information from the system designer, operators and scholars to conclude the 

suggestions and comments from the related control center personnel. It is also the final 

achievement of this research. 
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2. Aim of Research 

Aim of this thesis is set to scope the border of research in this thesis. It guides to the purposes, 

inspirations, and problems which act as obstacles to the research. 

 

 

 

The aim of this research is to create the awareness of the importance of the control centers in 

various business sectors, as well as its social responsibilities in micro and macro perspectives. 

Besides, this research will discuss on the design criteria and process diagram for control 

centers design and improvement from ergonomics points. To be more specific, the purpose of 

the research is to solve the problems in current trends of control center and improve systems‟ 

usability in both controlled and controlling systems. From the assumption that the operators‟ 

quality of working life can be increased at the same time with control operations‟ 

performance improvement, this research is conducted to collect information from different 

perspectives to validate the idea. It includes the integration of pollution control concept into 

control centers to reduce environmental problems in the surrounding area of operation plants. 

Last but not least, this research will enhance the knowledge in man-machine interrelation for 

further studies and research. 

2.1 Problem statement 

Human-machine interaction is a very broad area that covers various fields of knowledge 

including usability, ergonomics, technologies and many other related topics. However, 

control centers concept, which makes use of the mentioned knowledge as a part is even 

broader.  

Although many studies were conducted on the improvement of control centers concept and 

design, it is still far from completeness. Most of the studies focus on layout planning, 

technologies integration and information synchronization but those topics are not the only 

criteria that drive control rooms‟ trend. There are still many related factors that are significant 

to be considered from external to internal, especially in the operators‟ aspect. The above 

mentioned factors might be chosen perfectly, they also need synchronization and mutual 

support in the control operations.  

2.2 Research Question 

The above exposures have led this thesis to conduct the research with the research question: 

In what way in control centers study can improve the knowledge in operation performance 

together with maintaining environmental and human concern? 
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2.3 Strategic Questions 

In order to achieve the purpose of the research and answer the research question, this thesis is 

paved with the direction according to the strategic questions below: 

 What are the factors/criteria that affect the performance of the control system? 

 How can the usability of control system in control centers be improved? 

 What are the characteristics of the system that support the relation between operators 

and control centers? 

 What are the characteristics of information technologies that should be used to 

support control functions? 

 How can the knowledge in control centers be applicable in the real operation? 

2.4 Project Delimitations 

While conducting this thesis research, we encountered various difficulties, such as finding 

suitable companies to provide information and financial fund. This might be due to the lack 

of understanding in the importance of this research in ergonomics and usability. Also, there 

are still people who are not fully aware of the necessity of the control systems and how they 

can benefit their organizations.  

Another difficulty related to the data collection is the insufficient supporting literatures and 

limited amount of questionnaire population. In addition, managers and executives are 

difficult to reach, so the collection of their viewpoints is difficult to perform. The finding 

result of this research could have been more completed if we have more accesses to speak to 

professionals and senior executives in the related industries and receive more supports from 

those companies.  
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3. Applied Solution Procedures 

This research’s method conduct the collection of information from various sources both in 

primary and secondary data. This Applied solution procedures section indicates the tools that are 

used in data collection. Moreover, the analysis plan and evaluation plan are suggested to 

illustrate the main concept in the research. 

 

 

 

In order to collect necessary information for answering the research question, this research 

performs a set of data collection methods to gain information from various views.  

3.1 Secondary Data Collection 

The collection of secondary data gathers control center design and improvement related 

theories so as to present the viewpoints from academic and researcher‟s perspective.  

3.1.1 Literature studies 

Literature studies in this research are conducted to create inspiration in setting up the thesis 

direction. Collection of the existing theories and previous research results give ideas to make 

the finding and analysis of this research validated. The major literatures used in this research 

comprises of knowledge related to the field of control center, which focus on industry 

psychology, human factors and ergonomics, usability, computer and technology, human-

computer interaction (HCI) and human performance evaluation. The knowledge is collected 

from text books, research papers, conference articles, and international standards. One of the 

main literatures that are used in this research is Handbook of Control Room Design and 

Ergonomics – A Perspective for the Future by Ivergård and Hunt, 2009 because of its 

coverage of theories and discussions that cover many parts of this research. In addition, it is 

the up-to-date literature with collections of valuable knowledge since the last two decades 

which tremendously add value for the validity of this thesis work. 

3.1.2 Websites 

Internet is used as supporting source of data and information collection in this research. In 

finding support information, the keywords; ergonomics, usability, control room, monitor, 

environment, health problems, human-computer interaction, and monitor are frequently used. 

Finding information from websites also takes parts in guiding the direction for this research 

in supporting discussions and criticizes the unclear arguments. 



Operators’ Usability Support for Improving Working Efficiency in Control Centers  | 6 

The environmental concern perspectives 

 

Master’s Thesis: Product and Process Development – Production and Logistics 

Department of Innovation Design and Engineering, Mälardalen University, Eskilstuna, Sweden 

3.2 Primary Data Collection 

As mentioned previously, the control centers improvement should focus not only on the 

perspective of scholars, but also on the viewpoint of users and designers. With the intention 

to achieve the purpose, primary data is collected from observations, in-depth interview, and 

questionnaire so as to understand the viewpoints in the control centers‟ personnel 

perspectives. 

3.2.1 In-Depth interview with control system engineer 

The in-depth interview collects open-end information from a control system design engineer, 

Mr. Sakol Pranamornkith who has worked for one of the biggest power generation 

contractors in the world, ABB AB, Västerås, Sweden. Through his years of experiences over 

a decade, he has gathered and developed his knowledge in system user interface design and 

improvement. Moreover, he has witnessed successes and failures of control room 

improvements over the time. His knowledge has become valuable material that collects both 

tacit and explicit knowledge from scholars, users, and executives both in industrial and 

business views.  

The interview gives the viewpoints from designer‟s perspective through controlling system 

usability support for operators. It was conducted on May 23, 2010.The interview details and 

questions can be seen in Appendix A. 

3.2.2 Observations of control center 

Observation in this research was conducted on June 3, 2010 at Teracom Kaknastornet, 

Sweden as a representative of control center for industrial and service provider. It was 

performed to gather the information about overall circumstances within the control room 

based on ergonomics perspectives. In the study, physical environment and operators‟ 

relevance with the equipment are included, which these aspects cover job function and 

anatomical posture in the control operation. In addition to the system evaluation, the 

supporting environmental factors are also focused. This includes lighting, acoustics, control 

room layout, and furniture. 

Qualitative approach is applied in the observation to evaluate the performance of the control 

centers.  In this term, the performance is evaluated from usability and ergonomics that 

supports the operators‟ working efficiency. Some instruments and method are used in the 

evaluation to validate and standardize the observation results.  

In the observation, short interview also conducted to one of Teracom‟s operator to collect 

qualitative information in user‟s perspective to the control room. This gives benefits in 

supporting the comments from observation and validating the research results. Besides, 

verbal protocol is used as a tool to create understanding of the work function as well as user‟s 

reflection to the certain system. It is the method that let the operator tell what he is currently 

doing to the control operation. 

3.2.3 Questionnaire 

Benefit of using questionnaire is that the data can be collected from various organizations in 

the interested group. This research uses semi-qualitative questionnaire to collect the overall 

perspectives from operators in different hierarchies in organizations, especially management 



Operators’ Usability Support for Improving Working Efficiency in Control Centers  | 7 

The environmental concern perspectives 

 

Master’s Thesis: Product and Process Development – Production and Logistics 

Department of Innovation Design and Engineering, Mälardalen University, Eskilstuna, Sweden 

and control centers‟ operators from a number of control centers in various fields in Thailand 

and Sweden. The questionnaire is structured into 3 sections.  

Section 1; general information, collects the control center personnel‟s information that 

might influence the working performance. The purpose of this part is to classify the 

identification of the operators, which are age, education background, characteristics of work, 

and etc. 

Section 2; your current working situation, focuses on the current statuses in the control 

centers that might influence the operators‟ performance in their control operations. This part 

is designed to gather the information about the operators‟ perception from their work 

environments. It includes the following topics. 

 Quality of working life: To evaluate the operators‟ perceptions through well beings in 

their works in both psychological and physiological aspects. 

 Job function: To evaluate the loads and tensions of their working duties and 

responsibilities. In addition, it is to verify some major problems that might affect their 

working performances. 

 Ergonomics in work: To evaluate the psychological and physiological supports from 

the control centers‟ devices to the operators‟ working capabilities. It also includes the 

affects to their health/mental problems and false/errors in the control operations. 

 Function efficiency of the current system: To evaluate the performance of the current 

control system in handling different situations including monitoring system, alarm 

system as well as false and error system. Together, their understanding and capability 

in controlling the system are taken into account. 

 Learning and self-development: To evaluate the operators‟ knowledge in their work 

and find out the operators‟ learning support level from the control centers and 

organizations. 

 Macro perspectives in work environment: To discover the operators‟ perspectives 

through environmental problems in their workplaces. 

Section 3; your current working situation, focuses on the operators‟ perception in the recent 

period of collecting information. This section collects the operators‟ status before and after 

work, as well as when there are changes to the control status. 

Up to 40 questionnaires were handed out to different companies in Sweden and Thailand. 

This is due to the limited access of the private companies in accepting the request for handing 

out. The questionnaire that is used in this research can be seen in appendix A. 

3.3 Analysis Plan 

This research analyzes the possible implementations from the study of literature and criticizes 

with the primary resources. In spite of focusing on only one case and basing on one theory, 

the analysis part conducts to discover the overall picture of the current control center trends 
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to discuss about the future trend for control center improvements based on operators‟ 

perspectives. Therefore, the finding result will be used as the critical resource in this research. 

This is to analyze the performances of the current control center trends, and discuss about the 

improvement plan for the future.  
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4. Theoretical Background & Solutions 

Methods 

This part of the thesis collects the related theories in control center study, which are required in 

the analysis of this research. The collections cover the theories, definitions, models, quotations 

and discussions from various sources of knowledge including literatures, articles, and websites. 

 

 

 

4.1 The Control Centers Design 

Nowadays, the control centers concept has to focus on more problems from various aspects 

especially operator concern in their working life. At the same time, it needs to maintain the 

work and operation efficiency. This perspective has led the control center design to be more 

complicate, and has brought many factors to be taken in account.  

In order to visualize the design criteria, it is better to look into its principle and develop the 

control system in parallel. The concept of control centers‟ function is to centralize the 

interaction between man and machine. The basic principle of man-machine interaction 

focuses on control and display, which the flow can be illustrated in figure 3. 

 

Man

Control

Machine / Process

Display
 

Figure 1: Simplified model of the human operator’s role in control system 

(Source: Ivergård and Hunt, 2009, p.15) 

In order to create better understanding of particular control system, it is necessary to know 

the difference between the definitions of these two words; controlled system, and controlling 

system.  

Controlled system is the set of processes which are the backbone activities of the certain 

control system that drive the major operation in a business. They are the major actions that 

transform the input of the system into the final results, which might be the final product or 

service. The controlled system can be operated on its own function. However, when the 

controlled operation is too complex, controlling system is designed to control, support, 

synchronize, smooth and boost the performance of the controlled system. This is to say that 

the control centers concept is the representative of the operations within the controlling 

system that take parts in setting up directions of the controlled system.  
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Within a control system, controlled and controlling systems are linked together with the flow 

of information, which plays significant roles in creating realization of the changes within the 

systems. Therefore, control centers are designed to manage the flow of information for the 

business and industrial operations. 

Recommendations for principles in the design of control centers. 

According to Ivergård and Hunt (2009, p.35), the principles for designing control centers can 

be relevant by many factors. More important, its major factor is depending on the field of 

application, which is the main criterion in settling the characteristic of the design. However, 

the procedure can be discussed from three different perspectives. 

 System design 

 Participative design and action research 

 Usage of handbook data 

4.2 Human Capabilities, Limitations, and Performances 

As suggested by Ivergård (1982), it is not possible to adjust human‟s physical characteristics 

to support the work, hence, it is the work characteristics that are needed to be developed to 

support human. The major reasons that make human use tools are to simplify their work, 

improve their working performance, and reduce their working time because human have 

limitations in work. 

4.2.1 Factors that limit the capability of human work 

Murrell (1965) stated that human has limitations that limit their working capabilities, which 

they can be separated into two dimensions, which are anatomical limitations and mental 

limitations. However, knowledge is claimed to be another type of human‟s limitation as 

discussed by Manz and Sims (1987) and Krogh, et. Al. (2005). These limitations can be 

described as follows. 

1. Anatomical limitations or Physical limitations: The examples of human anatomical 

limitations are body size, sight and vision, muscle and movement, hearing and 

metabolism rate. Noise level, air flow, temperature, air pressure, color, humidity are 

the related factors that restrict to those limitations. 

The major limitations for human that relate to control center activity are sight and 

vision, muscle and movement which are the criteria for using control system in 

monitoring and controlling. Therefore, the concerns of these limitations are critiques 

for redesign criteria. (Murrell, 1965; Meister, 1986) 

2. Mental and mind limitations or Psychological limitations: In the human sense, they 

have perceptions in all kind of activities in their lives. Those perceptions have 

influential effects to human‟s attitude, which directly have effects on their working 

conditions and performance. Human‟s mental and mind limitation is dissimilar in 

different time depending on their perceptual condition in the surrounding 

environment. Stress, sense of organs psychological perception, social interaction, and 

pressure are some examples of the mental and mind limitations. (Murrell, 1965; 

Meister, 1986) 
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3. Knowledge and education limitations: This constraint limits the human‟s capabilities 

with the question, „how to response with the situation?‟ Without certain knowledge, 

they work directionless, which might not lead them to achieve the main purpose of the 

task. This constraint is the most flexible limitation of human, since knowledge can be 

expanded, transformed, and transferred. However, it can be broken through by 

learning. Because human learns all the time in parallel to all activities they do in their 

daily lives, knowledge limitation can be changed all the time. However, for 

individual, this restriction is the obstacle for working efficiency, which influences the 

time usage in achieving tasks, quality of the finished work, and etc. (Manz and Sims 
1987; Krogh, et. Al., 2005) 

These limitations are individual restrictions of each person. However, many people share 

some common restrictions or there are minor differences among them, for example, 

movement of muscular system limitations, stress/pressure in work, and temperature/humidity 

in the work environment. The work system design should focus on reducing these difficulties 

that might affect human‟s working capabilities. When human has the least effect from their 

limitations, they are able to perform the best working performances. (Meister, 1986) 

4.2.2 Human performance evaluation 

Human performance evaluation‟s necessity is to verify the quality and performance of the 

human‟s manual tasks, which is an essential step for improvement processes of every 

business and industrial operations. It also includes evaluation of efficiency in interacting 

machines. When the employees‟ performance is evaluated, organizations will be able to 

calculate the total operations‟ performance. (Goetsch and Davis, 2003) This is in order to 

create the improvement plan for reducing their personnel‟s limitations and increase their 

working capabilities. 

Human performance evaluation can be performed in many ways with and without tool usage. 

As discussed by Wilson and Corlett (2005), there are several dimensions for the evaluation 

process that relate to the organizational work. In one dimension, the evaluation can be 

performed on an individual to verify the personal capabilities of certain person. Another 

dimension is to estimate the performance of the teamwork for a group of person in 

performing a task. The performance evaluation can be performed to validate human‟s 

physiological and psychological limitations and capabilities. This field of knowledge lead to 

ergonomics study, which the major purpose is to increase human‟s performances in work. 

4.3 Classical Concept of Ergonomics 

 

“Ergonomics has been defined as the scientific study of the relationship between man and his 

working environment.”  

(Murrell, 1965) 

The sentence above is one of the very first definitions of ergonomics which was raised from 

the sixty‟s. Murrell, K. F. H. was a marine psychologist who devoted his interests in the 

research area of psychology and physiology for human work. He became one of the very first 
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scientists who define the word “ergonomics”. According to his definition, the “working 

environment” covers everything that relates to the certain work of human, including the 

surrounding environments, tools and devices, the utilized materials, the methods of work, or 

even the organization of work. These factors are claimed to be related to the abilities, 

capabilities, and limitations of an individual‟s work.  

Murrell‟s ergonomics study made use of variety fields of scientific knowledge to study on the 

regarded “relationship”, which those fields of knowledge are originated from two main fields 

of his interest, human psychology and physiology. To be more clearly, psychology involves 

with mental function and social behavior of human while physiology relates to human body 

and their anatomical movements. (Murrell, 1965) 

The field of psychology involves with “perception, cognition, attention, emotion, motivation, 

brain functioning, personality, behavior, and interpersonal relationships”. These connections 

have become one of the most popular quotations for various sources of psychological 

definitions and articles over the Internet. They present excellent reference for basic mental 

and behavioral demand of human in their lives including the related activities in their work. 

Mostly, psychological knowledge is used clinically to evaluate and treat human‟s mental 

health problems. Somehow, there are many applications of its studies into various fields of 

human activities especially in business. 

The involvement of psychology in ergonomics focuses on mental functions and social 

behavior. These functions are studied basing on physiological and neurological processes. 

According to its definition, ergonomics is one field that many scientific disciplines and 

technologies have devoted as significant subject that impact human today. It is related to 

anatomy of the human body and physiology dealing with brain and nervous system. Human 

behavior is defined as parameter to explain experimental psychology as well as industrial 

medicine, which is one key that assists to indicate those working status in order to verify 

harmful to human structure. 

Although the definitions of ergonomics have just been defined and concentrated within these 

five decades, the studies and developments have been performed longer than that. It is not 

just the integration that should be added into human‟s operation, but it cannot be separated. 

Ergonomics has been involved in parallel to the improvement of mankind‟s quality of life 

since the beginning of human era. Murrell‟s ergonomic studies were one of the most 

significant inspirations for modern ergonomics studies nowadays. Since the World War 2, 

ergonomics studies have become more academic and more concrete. For the more recent 

definition, International Ergonomics Association, 2000, has raised the description of 

ergonomics as below. 

”Ergonomics (or human factors) is the scientific discipline concerned with the understanding 

of the interactions among humans and other elements of a system, and the profession that 

applies theoretical principles, data and methods to design in order to optimize human well 

being and overall system performance.” 

“Practitioners of ergonomics, ergonomists, contribute to the planning, design and evaluation 

of tasks, jobs, products, organizations, environments and systems in order to make them 

compatible with the needs, abilities and limitations of people.”  

(International Ergonomics Association, 2000) 

http://en.wikipedia.org/wiki/Perception
http://en.wikipedia.org/wiki/Cognition
http://en.wikipedia.org/wiki/Attention
http://en.wikipedia.org/wiki/Emotion
http://en.wikipedia.org/wiki/Motivation
http://en.wikipedia.org/wiki/Brain#Functions
http://en.wikipedia.org/wiki/Personality_psychology
http://en.wikipedia.org/wiki/Behavior
http://en.wikipedia.org/wiki/Interpersonal_relationships
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As you can see that even more than 30 years, the definition of ergonomics has not been 

changed a bit. Although there some difference between the current day and the old days, they 

might be due to the variety in fields of application, advancement of technology, addition 

knowledge in physiology and psychology, and some detailed factors. Nowadays, computers 

tend to become a part of many people‟s life. Numerous numbers of these technological 

devices are designed without ergonomic concern, and many people do not know how to use 

them in ergonomically. This has led the problems from computer usage to become more 

serious both in physiological and psychological aspects.  

4.4 Applications of Ergonomics into Control Centers 

Applications and functions of technologies in control centers contain tremendous relations to 

ergonomics knowledge. In order to support the operators‟ ease of use and usability, as well as 

reduce the loads in physical, psychological, and sociological problems for the operators, 

ergonomics is a necessary discipline to focus in the design and improvement processes. 

As suggested earlier that more tasks and functions are integrated into control centers‟ 

operations, the operators then have to handle with more workloads and face with more work 

problems. Moreover, the technology usages nowadays provide the virtual systems that reduce 

the chance of people to interact with realities, which makes the work in the control room 

more boring and spends most time on monitoring.  

Discussions about ergonomics can be made in several aspects because there are several fields 

of knowledge involved. These arguments would be directionless and last for decades unless 

the related knowledge is classified. Among the researchers who have given their passion on 

ergonomics study, Ivergard (1982) categorized ergonomics into two dimensions according to 

their characteristics. 

The first dimension is Biomechanical Ergonomics, which relates to human‟s activities that 

require the movement of muscular system. It majorly involves the physiological factors in the 

working operations that directly affect the result of the work. Another dimension is 

Information Ergonomics, which covers the operations that demand tools to support human‟s 

work. It refers to activities that require the transfer of information between human and the 

tools in order to create a result, and mostly concerns psychological aspect.  

How to Solve Ergonomic Problems in Control Centers? 

The difference between the two types of ergonomics can be clarified with control centers 

involvement as the following example. When an operator operates the control system, 

biomechanical ergonomics relates the activities in observing the display and operate the 

control panel, which focuses on the interaction between man and the tools only. On the other 

hand, information ergonomics is the type that covers the activity in operating control panel in 

order to adjust the controlled operation that is observed from the display. It means that 

information ergonomics focuses on the information flow throughout the whole system that 

result the actual industrial and business processes. 

In complicated system such as operations in control centers, both biomechanical ergonomics 

and information ergonomics are taken into account. Understanding of how human interact 

with the machines and how flexible their organs work will create supports for designing and 
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adjusting information management devices to fit their working behavior and their 

capabilities. Therefore, this issue relates to their physical and psychological limitations. The 

figures below are some major criteria in designing control systems and supporting devices. 

 

Figure 2: Positioning of visual instrument 

(Source: Ivergard and Hunt, 2009, P.161) 

 

Figure 3: Vital measurement for an horizontal working surface 

(Source: Ivergard and Hunt, 2009, P.169) 

Control centers‟ operations involve various activities in controlled and controlling system 

altogether. These operations need information exchange systems, which require a group of 

operators to work together in the same direction. The complications of business and industrial 

systems in the current days then cause the applications of ergonomics to focus on the wider 

perspective. Therefore, ergonomics are re-categorized by International ergonomics 

association in the year 2000 to simplify the design and improvement criteria. They suggested 

that it can be classified into three groups to support the work that many personnel are 

involved. They are physical ergonomics, cognitive ergonomics, and organizational 

ergonomics. 

Physical Ergonomics: “is concerned with human anatomical, anthropometric, physiological 

and biomechanical characteristics as they relate to physical activity.  The relevant topics 

include working postures, materials handling, repetitive movements, work-related 

musculoskeletal disorders, workplace layout, safety and health.” (International Ergonomics 

Association, 2000) 

Cognitive Ergonomics: “is concerned with mental processes, such as perception, memory, 

reasoning, and motor response, as they affect interactions among humans and other elements 
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of a system.  The relevant topics include mental workload, decision-making, skilled 

performance, human-computer interaction, human reliability, work stress and training as 

these may relate to human-system design.” (International Ergonomics Association, 2000) 

Organizational Ergonomics: “is concerned with the optimization of sociotechnical systems, 

including their organizational structures, policies, and processes. The relevant topics include 

communication, crew resource management, work design, design of working times, 

teamwork, participatory design, community ergonomics, cooperative work, new work 

paradigms, organizational culture, virtual organizations, telework, and quality management.” 

(International Ergonomics Association, 2000) 

As suggested previously, it is obvious that ergonomics plays significant roles in control 

system. It is one of the major aspects that cover many factors in control center operations 

especially with the operations that relate to the interactions between operators and the control 

system. Effectiveness in the control system utilization is the key principle in achieving high 

performance of control centers. Therefore, usability is considered as one of the major criteria 

in ergonomics integration into control centers.  

4.5 Usability 

In the Guidance on Usability suggested in ISO 9241-11, 1998, usability is “… the extent to 

which a product can be used by specified users to achieve specified goals with effectiveness, 

efficiency and satisfaction in a specified context of use.” The quotation does not only 

describe the definition of usability in ergonomics aspect, but also gives a guideline to 

usability improvement. To be clearer, in order to achieve the usability improvement for the 

system, we need to provide effectiveness, efficiency and satisfaction for the users.  

Shackel (1991) claimed that usability is an important goal for a good system design. Usability 

improvement also involves physical ergonomics, cognitive ergonomics and organizational 

ergonomics. According to ergonomics contexts and its relation to usability, they can also be 

assumed that ergonomics improvement is a major criterion in increasing system 

effectiveness, efficiency, and satisfaction. He also suggested the four principal components in 

a human-machine system, which represents the relation between user, task, tool and 

environment. He also commented that good system design should create dynamic interactions 

that support each other. 

User Task

Tool

Environment

 

Figure 4: The four principal components in a human-machine system 

(Source: Shackel, 1991, p. 23) 
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According to the framework, Shackel described that “Usability depends (a) upon the design 

of the tool (the VDT and the computer system) in relation to the users, the tasks and the 

environments, and (b) upon the success of the user support provided (training, manuals, and 

other job aids such as on-line and off-line „help‟ facilities). We consider that usability for 

individual users will be judged (a) by subjective assessment of ease of use of the design with 

its user support, and (b) by objective performance measures of effectiveness in using the 

tool.” (Shackel, 1991, p.23) In extension to the description, the four components can be 

clarified as follows. 

 User: Defines the qualification and characteristics of the users involved in the system 

in order to specify the requirements and suitability of the users depending on the 

system specification. This factor covers the users‟ knowledge, experience, education, 

motor, sensor abilities, and etc. However, the mentioned factors do not cover user‟s 

physical requirements 

 Task: Defines the operational activities that are needed to be performed to achieve the 

purposes of the work. In the meaning, it refers to data and information that relate to 

the operation, for example, duration, frequency, quality, and methodology of the task. 

 Tool: Defines the definition of the equipment used in the system. The coverage of this 

factor includes hardware, software and materials. 

 Environment: Defines details of the physical and social environment for the whole 

system. The examples of this factor are layout of the workplace, temperature, 

colleagues in the operation, and noise. 

4.5.1 Key principles for user center design 

The major purpose of tool creations is to support human‟s work by either increase the 

working capabilities or increase their working performances. Although the goals of the works 

are fixed; the task/methodology and tools/materials can be adjusted. Since users, in most 

cases, are the most difficult factors to be adjusted, tools design criteria should focus on users 

as center of the system in order to achieve the goal of usability.  

Many researchers and experts still discuss on this subject and the conclusions are still not 

finalized. (This research will therefore address on some major suggestions regarding user 

centered design) There are a number of interesting suggestions to be mentioned. Among 

them, Usability Net, a website established by the European Union to promote usability and 

user center design, has suggested key principles as follows. (summarized from 

http://www.usabilitynet.org/management/b_design.htm) 

1. Design for the users and their tasks: The newly designed systems need to support 

users in performing their works. So, this is the major criteria to be taken in account 

that good systems needed to be flexible based on tasks, users and environment. 

2. Be consistent: The designed and developed system need to be easy to use or make the 

least change to the current system. The best system requires the users to learn and 

read the least. Moreover, the system needed to be consistent enough that usage of 

each subsystem does not create confusion or interfere the remaining.  
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3. Use simple and natural dialogue: The message communicated between user and the 

system should be the least complicated. Necessity of information is one of the most 

important factors to concern. There is no need to present un-related information to the 

certain part. This creates less complexity to the system, which will reduce time 

consumption, confusion, mistake and false from the working operation. 

4. Reduce unnecessary mental effort by the user: Usage of the tools especially computer 

system should be designed to reduce the workload of the users. The system should not 

be too complicate and disturb the user from performing their real tasks. Simplify and 

reduce the redundancies in presenting information and setting up control panel are the 

key concept of this issue. The mentioned implementation will reduce confusion in 

work and also reduce errors and mistake that might be bought from complexity of the 

system, as well as increase the response speed to situations in the control center 

operations. 

5. Provide adequate feedback: In control operation feedback, it is necessary to inform 

the user that the task was successfully done. Response to the action should be 

presented properly and clear enough to acknowledge the users to know if anything 

goes wrong. However, it should not be too complicate. Irrelevant information such as 

technical problem of the system, which does not need the operators to know, should 

not be presented. In the case of internal state needed to be provided, they should be 

accessible in different levels of interaction. 

6. Provide adequate navigation mechanisms: User should be able to follow up the 

location of the current task within the system and be informed about what and where 

they are working at/with. Awareness of the navigation status will enable the user to 

make decision on the following tasks based on the previous situations effectively. 

Moreover, there should also be the functions that allow the user to go back to the 

previous step to make changes to the previous stage and cancel function to exit the 

current operation. In addition, the each relevant process should be properly 

synchronized. 

7. Let the user drive: Although comes with highly advance automated technologies, a 

good control system should also allow user to drive the control functions and choose 

their source of information for the operation manually. Flexibility is one of the most 

substantial criteria in designing user centered control system. 

8. Present information clearly: The information should be seen obviously and separated 

from other irrelevant information. This can be done by grouping related information 

into the same boxes, separated by spacing and using different colors for examples.  

9. Be helpful: A good user support system should lessen the complexities and put 

simplicity in the design of interface. However, some functions might not be totally 

clear for some operators. This requires the assistant functions in control system to 

guide operators in the operations. 

10. Reduce errors: Guidance for users to the task accomplishment needs to be accurate. 

They should lessen the possibilities in causing errors for the operators. In order to 

achieve this issue, it is necessary to study the operators‟ behavior and the operation 
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characteristics to create preventive plan. In case of a mistake was caused, error alert 

message should be clearly presented and understandable without creating confusion to 

the users.  

4.5.2 How can we perform a usability evaluation? 

The evaluation of usability for different systems requires specific methodologies. It depends 

on the major purposes for the result application. According to ISO DIS 9241-11; usability can 

be measured by three ways, effectiveness, efficiency and satisfaction. 

 Effectiveness: Regarded as the accuracy and completeness that the users obtain from 

performing tasks. However, effectiveness also involves the mistakes, quality, and 

errors which are evaluated from the result comparing to the actual expectation.  

 Efficiency: Is the accuracy, completeness, the amount of utilized resources (materials, 

tools, human who perform the task) and time from the final task results.  

 Satisfaction: From the user‟s point of view, satisfaction is considered as a significant 

aspect. It refers to user‟s comfort and positive attitudes when using the system. When 

the users have satisfaction to the tools or the systems, they will be able to perform the 

task more effective and efficient. 

4.5.3 Considered factors in usability implementation 

Apart from the previous usability knowledge, Shackel (1991) has also suggested the 

paradigm of usability and its related concepts. Although it was suggested for almost two 

decades, its practice is still adaptable in the present circumstances. 

Utility - Will it do what is needed functionally? 

+  

Usability - Will the users actually work it successfully? 

+  

Likeability - Will the users feel it is suitable? 

must be balanced in a trade-off against 

Cost - What are the capital and running costs? 

- What are the social and organizational consequences? 

To arrive at a decision about 

Acceptability - On balance the best possible alternative for purchase. 

Table 1: The paradigm of usability and related concepts 

(Source: Shackel, 1991, p. 22) 

In the implementation of usability, there are also some criteria needed to be considered. 

Shackel‟s idea is that the organizations need to balance usability with functionality, with is 

the main theme for utility and likeability as mentioned in the paradigm. While most 

operational advancements focus on functionality, they need to trade-off against cost, which is 

the economic practice, and be acceptable in the business perspectives as well. 
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4.6 Job function design 

Some restrictions of human might be able to be adjusted, for example knowledge and 

working abilities. Mostly, psychological factors can be adjusted to fit the work. However, to 

design job functions that have less psychological supports might leads to the decrement of 

personnel‟s working performance.  

There are many researches conducted to verify the factors that affect the working 

performances of employees in workplaces. Joshi and Lauder (1998) suggested the summary 

from their study of relationship between activity functions that increase the working 

performance of the control system, which is presented in table 1. 

Increase in outcomes Increase in inputs 

More pleasant work environment  

Less tension, more job satisfaction 

More opportunities for advancement 

Better service to customers 

Recognition, better visibility 

Salary increase, grade increase, or higher-level title 

Increase in power and influence 

Learning a marketable skill 

Reduced dependence on others 

Usefulness of the system 

 

Decrease in outcomes 

Reduced job satisfaction 

Reduced power 

Reduced bargaining power relative to the employer or others 

Threat of loss of employment 

Loss of value of marketing skills 

Reduces importance, control 

Increased monitoring 

Reduced scope for advancement 

More role conflict and ambiguity 

Potential failure in learning and adopting the new system 

More work in entering data 

More tension 

Bringing higher level skills to the job 

Effort in learning a new system 

Assignment of additional tasks 

More effort performing tasks in view of increased 

monitoring 

Need to spend more time 

Fear of unknown (e.g. failure) and the resulting anxiety 

 

 

 

Decrease in inputs 

Ease of usage 

Less effort 

Reduced search for solution or information 

Reduced search for solutions or information 

Reduced manual effort 

Reduced cognitive effort 

Less rework due to fewer errors 

Table 2: Possible changes in outcomes and inputs on account of implementation  

(Source: Joshi, Lauder, 1998, p. 352) 

Joshi and Lauder‟s work is one of the studies that support the idea that proper job function 

will support the operators‟ will to work, which can reduce their mistakes and allow them to 

perform a better work results. The satisfactions of the operators are the major concern in 

psychological aspect in ergonomic application in control centers. 

4.6.1 Engineering psychology; cognitive and skill 

Anshel (2005) raised the notion of Billette and Piche (1987) and Bergman (1980) about a 

significant relationship between stress and job function that, “Often it is the job design and 

not the worker that is the cause of stress. Some jobs are inherently more stressful than 

others.” This notion has supported the argument that job function is one of the most 

significant factors that compel the operators‟ stress, which is a major cause of physiological, 

psychological and sociological problems as a whole.  

Within this few decades, the control center researches and improvements tend to focus more 

on human‟s perspectives. One aspect among them is quality of working life, which has come 

to be more concerned in workplaces. There are many researches that have performed on this 
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issue and many of them claim positive results from the improvements. Quality of Working 

Life Limited, a UK based consulting firm suggested survey results from examples that show 

benefits from improving employees‟ quality of life from various organizations. They have 

also stated that “… better quality of life is not only about happier employees, but it makes a 

difference to the health of employees and the profitability of a company as well.” (QoWL 

Ltd., 2008) 

4.6.2 Leadership 

Leadership should be established into the qualification of all operators. From a dimension of 

leadership, when an operator has leadership skill, he/she tends to have passions to initiate and 

generate idea from his/her creativity and innovation, which are the significant components in 

design and improvement processes. Politis (2005) stated the significances of creativity and 

innovation in business that, “Creativity and innovation are considered to be key factors for 

achieving the sustained organizational competitive advantage in the new economy. Therefore, 

organizations need to continuously adapt, develop, create and innovate.” (summarized from 

Kay, 1993; Martensen and Dahlgaard. 1999) Therefore, most of the personnel that have 

leadership characteristics tend to have willingness to learn and discover to solve the existing 

problems in their workplaces. 

Discussions about the characteristics of leadership are raised in many researches. Manz and 

Sims (1987) suggested that the personnel with leadership characteristics should acquire the 

following attitudes. 

 Encouraging self-observation to create awareness of their performance and 

capabilities. 

 Encouraging self-goal setting to set performance goals of the operations. 

 Encouraging self-reinforcement to encourage themselves to improve their 

performance. 

 Encouraging self-expectation to set high expectations for their performance. 

 Encouraging rehearsal to ensure the action to the certain task. 

 Encouraging self-criticism to be aware of their weaknesses and mistakes from the 

operation results. 

There are several aspects in verifying leadership. However, they mostly share similar 

perspectives. Manz and Sims mentioned about these characteristics as self-management 

leadership, which can be the dimension that improve the operators‟ capabilities and team 

work management skills for the better working performance in control centers. 

4.7 Theories of Learning as the Drive of Operators’ Development 

4.7.1 Individual’s knowledge generation 

The improvement of control centers should not only focus on the controlled and controlling 

system, but also its personnel. The operator should have good knowledge about both the 



Operators’ Usability Support for Improving Working Efficiency in Control Centers  | 21 

The environmental concern perspectives 

 

Master’s Thesis: Product and Process Development – Production and Logistics 

Department of Innovation Design and Engineering, Mälardalen University, Eskilstuna, Sweden 

controlled system and the controlling system, so that they can perform suitable responses to 

different situations within control centers.  

Learning is the process in generating and transforming knowledge, which increases 

individual‟s explicit knowledge and tacit knowledge. Explicit knowledge is the knowledge 

that was generated with reasons and can be explained to make the others understand. On the 

other hand, “Tacit knowledge is the basis of apprenticeship programs. You learn how to do 

something through gaining experience with someone else that already has more experience 

than you.” (Brgue, 2006) These two types of knowledge can be created by many ways. One 

way is the creation of knowledge that individual has collected through experiences or 

observations. In this way, the tacit knowledge will be obtained and could possibly be 

transformed into explicit knowledge later on. These types of knowledge are unique and 

difficult to be imitated unless it is passed on to the other persons, and hence, the knowledge 

will generate explicit knowledge and tacit knowledge to the others. 

Figures 4 and 5 are knowledge transformation models illustrated by Telisayon (2008). His 

imagination on the issues will help creating a better understanding of the concept. 

 

Figure 5: Build our own tacit knowledge from explicit knowledge 

(Source: Talisayon, 2008) 

Figure 4 presents the transformation from explicit knowledge into tacit knowledge. When 

individual learn from the others‟ existing explicit knowledge, he/she will apply the collected 

knowledge with his/her existing knowledge and use it to perform tasks. When individual 

gains experiences from the tasks, no matter they are achieved or fail, they will become his/her 

tacit knowledge. With the obtained tacit knowledge, the individual will be able to perform 

their task with his/her capabilities. 
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Figure 6: Build our own explicit knowledge from tacit knowledge 

(Source: Talisayon, 2008) 

Transformation from tacit knowledge to explicit knowledge is all the way rounded. It started 

from the tacit knowledge that is gathered from experiences. Together with individual‟s ability 

to analyze and synthesize the knowledge with obtained information, he/she will be able to 

create new logical explicit knowledge as illustrated in figure 5. Besides, when the knowledge 

is passed on to the other persons and they are able to understand the context and the reason 

supporting the knowledge, the knowledge transfer will occur. 

4.7.2 Knowledge management in organizations 

Learning is the process that occurs in every activity in human‟s life. It supports people to 

create knowledge from working experience by doing the certain activities. However, people 

can gain different knowledge based on their individual learning abilities, as well as their 

experiences and interests. With the skills they obtained, they will become experts in different 

tasks. The complexity of learning processes as well as their results is more obvious when it 

comes to the operations that demand variety of people to perform together. Learning 

activities in this kind of operation especially works in control centers generate different 

results to the related personnel. The cooperation between staffs causes knowledge exchange 

between each other. The combined knowledge becomes the organization‟s valuable 

intangible asset that creates competitive advantages for the organization as a whole. 

Several theories and strategies are suggested to support knowledge management in 

organizations. These theories mostly share the same concept of knowledge creation, 

transformation and sharing, which makes knowledge management in most organizations 

shares the same purposes. Amin, et al (2001) suggested the benefits of knowledge creation 

and sharing in organizations that, “By fully exploiting the data and information at their 

disposal, exploration and production (E&P) companies can increase efficiency, improve 

financial performance, maximize asset value and strengthen competitive position in a 

dynamic marketplace. Success depends on transforming data and information into verified, 

instantly accessible knowledge as a basis for real-time decision-making. This can be achieved 

only by creating a corporate culture structured around knowledge capture and sharing.” The 

discipline can also be adjusted to increase the performance of knowledge management within 

control centers‟ operations. 
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4.7.3 Knowledge based actions in control centers 

In control operations, most operators take actions to their works based on their knowledge, 

which the operator‟s performances are also different in each level. Figure 4 illustrate the 

Different levels of operator performance model by Rasmussen (1979), which describe the 

operator‟s behavior detail as follows. 
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Recognition
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Stored rules for 
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formation

Automated 

sensory-motor 
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Knowledge-based

behavior
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(Signs)

Symbols

Goals

 

Figure 7: Different levels of operator performance 

(Source: Rasmussen, 1979) 

The first level, Skill-based behavior can be described as the operator‟s action which is based 

on his/her tacit knowledge. The operator take action to the situation according to his/her 

experience from action results of their previous works.  

The second level, Rule-based behavior is the response from the combination between the 

operator‟s tacit knowledge and explicit knowledge. The operator learns from the previous 

action results and creates recognition to different situations, and take actions according to the 

operation‟s rules. 

The third level, Knowledge-based behavior happens when the operator is able to identify the 

problem and creates decision plans for responding to the situation based on his/her 

knowledge t explicit knowledge. 

This model can be used to describe the operators‟ behavior, which can be used to develop the 

job function that supports the operators in both physiological and psychological aspects. This 

seems to be a way for improving the performance of control operations in control centers. 
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4.8 Physical Design of Control Centers 

4.8.1 Technologies those are introduced into control centers 

Integration of technologies plays important roles in supporting control centers‟ functionality 

and managing data/information flow throughout the business and industrial operations. The 

major purposes of technology introductions are to solve problems, reduce obstacles in the 

operations as well as simplify and support the working activities for operators. Therefore, the 

functions of the technologies themselves are also significant aspects needed to be considered. 

1) Monitoring system (system output) 

Among the most essential parts of control system, monitoring system illustrates the status of 

the controlled system, and reports the operators when there are the abnormal statuses 

occurred with the business and industrial operations. Voice, sound, signal, symbol, picture 

and text are some examples of the way to deliver data and information. 

This technological system is considered as one of the most important systems in control 

centers. It plays significant role in displaying all data and information regarding working 

status, commands and decisions, alarms, etc. throughout the controlled system. Majorly, the 

purpose of display system usage is to visualize the results from control operations to the 

certain system in order to support the decision making and follow up the operation status.  

Many display technologies has been introduced into control centers in different period of 

time by the advancement of technology and the purposes of usage. However, there are a 

number of technologies which are famous and frequently used. 

 Light and color; is frequently used in analog system since the beginning of industrial 

era. It is the first step of display technologies development. Most of the light display 

systems in the first generation use light-emitting diode (LED) as a part of circuit system 

to display basic information, for example power on-off of a machine and different status 

of a system. Benefit of using light is that it is straight forward and is easily 

understandable. However, the use of light as display should be understandable 

internationally in common, such as red for stop and green for operating, which makes the 

system lack of flexibility. 

 Sound; can be used to create awareness of the changes to operation status or control 

results. It can instantly inform the changes of situations to the operators, which can be 

very effective in low-activated situation. However, it has drawbacks that the status could 

not be repeated and sometimes the operators might not hear the notification clearly. 

 Meters and pointers; are the old tradition types of information display used in various 

devices and instruments. Nevertheless, they are still used extensively due to their 

advantages which many times are over the advanced technologies. These types of display 

are mostly used in mechanical or electronic type of instruments that require less 

complication of information presenting. Moving scales or pointers are their major design 

techniques. 
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 Printers and plotters; are used to present the information that needed to be shown and 

stored in form of document. In control centers, these technologies have been applied to 

illustrate the statistical, graphical, and literal data from the controlled operation status. 

 Visual display system; mostly separated into two parts in the design of control centers. A 

large screen system or wall-front display is typically seen in control centers to display the 

overall status of the controlled system and some of its momentous processes. The 

objective of using big screen system is to centralize the information which is needed to be 

presented and shared to all operators for discussions and decision makings. Besides, it 

also reduces the resource usage since there is no need to have the display system 

separately for each operator.  

Another part is the multiple displays system for specific purposes and responsibilities of 

each operator. This part mostly makes use of computer screen for computer systems to 

display the information and status of some specific functions that are not needed to be 

shared with the other operators. From ergonomics point of view, its main advantage is to 

reduce confusion in information recognition for individuals. 

With adaptation into control centers, visual display may be used to display the motion 

pictures from video recorder, or display the programmed software for specific purposes 

either way. Multitask is one of the most significant aspect in its implementation. 

Visual display technologies should be chosen properly to support the operators‟ working 

capabilities as well as reduce obstacles in monitoring especially to their visual perception 

and eye movements. The related factors in designing display system are resolution, 

reflection, colors, viewing angles, brightness, distances, image quality, and etc. 

o Cathode ray tube display (CRT) is the first technology that could display pictures and 

motion pictures from the transmitted signal. The first drawback of CRT system is its 

size, which is large, deep and heavy. The second drawback is its technical properties, 

which make the quality of the displayed picture reduced along its lifetime. However, 

this display system was last for decades before the next generations of display system.  

(www.bit-tech.net) 

o Liquid crystal display (LCD) presented tremendous improvement result from the 

previous technologies at the time that it was announced. The advantage of this type of 

display is obviously seen from its size, which is much smaller, thinner and lighter than 

the CRTs. Moreover, it contains higher resolution, contrast, and better image quality 

than its ancestors. It replaced the usage of CRTs by presenting an economical and 

comfortable choice for customers. However, its drawback is the viewing angel, which 

the brightness and image quality will be lower when viewing from more angels. 

(www.xbitlabs.com) 

o Plasma display panel (PDP) is the system that was announced in almost the same 

period of time with LCD display system. It offers more reliable color, higher contrast, 

and better viewing angel than the LCDs. Nevertheless, one of its disadvantages is a 

significant issue, which is, its screen burns along with its usage, which also makes 

brightness decrease over time. Moreover, it is also more expensive than LCDs, has 

more reflection and glare, heavier and consumes more electricity. 
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(Ramsay, R and Pendlebury, T, 2009) 

o Light-emitting diodes backlit liquid crystal display (LED backlit LCD display) is a 

step of improvement from normal LCD. It is focused to be the replacement of LCDs. 

(August, 2010) This type of display technology has various advantages over LCDs in 

terms of grater dynamic contrast, brighter output, higher contrast ratio, and more 

accurate power. Moreover, the production can offer a thinner screen and produce less 

environmental pollution. It also consumes less power. Therefore, the benefits of 

replacing it with LCDs are still not attention-grabbing enough for investment, but the 

replacement to old CRTs or buying addition display for control centers are 

considerable. 

(www.ledtele.co.uk) 

o Projectors display large size of screen on the smooth surface, flexible, easy to be 

moved, but needed to be used in low light environment. Using of projectors mostly be 

in conferences and presentations where the projector can be moved and change the 

source of signal easily. 

Another function of information display system relates to the false and error detection and 

alarm systems. This type of system is used to notify the operators when the unplanned or 

abnormal situation occurs in the operation. It is also a substantial system that allows the 

operators to take action to those situations urgently to reduce losses and errors to the work. 

For false and error detection, sensors, radars, meters, and cameras are some examples for 

information display technologies that are mostly used in business sectors and industrial 

organizations. After the false and errors are detected, the control system will notify the 

operators through alarm system, which can be informed in terms of light, text, picture, sound, 

voice, or vibration depending on the suitability to the operation characteristics. Good alarm 

systems should define difference in each situation clearly and are not supposed to disturb the 

operators from their current works. 

2) Control devices (system input) 

Human use control devices as media to communicate with the control system by giving 

commands through different methods. Mostly, the control devices are designed based on the 

purposes, nature and requirements of the work. Ivergård and Hunt (2009) suggest that the 

control devices can be categorized by their functionality as follows. (Quotation from Ivergård 

and Hunt, 2009, p.134) 

 Switching „on‟ or „off‟, „start‟ or „stop‟ 

 Increase and reduction (quantitative changes) 

 Spatial control (e.g., continuous control upwards, downwards, to the left or right) 

 Symbol/character production (e.g., alphanumeric keyboards) 

 Special tasks (e.g., producing sound or speech) 

 Multifunction (e.g., controls for communicating with computers) 

In order to boost the performance of the control system, the control devices should be 

designed to support the operators‟ usage, suitable for the work characteristics and fit the 

related technologies. Ivergård and Hunt (2009, p. 135) mentioned about the criteria in 

designing control devices that they should be based on the operator‟s capabilities especially 
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their body movements including strength, speed and accuracy. The control operations that do 

not force the operators to move unnaturally will cause the least tiring to them and are the 

most suitable, so they should be designed to be the least complex and as short as possible. 

However, they should allow the operators to sense the change of situation while they are 

operating the control system.  

In the same time, the control devices design criteria should also focus on operator‟s behavior. 

The control devices must be designed to fit the operator‟s organs that are used in controlling, 

especially hand and foot. Feedback must be given to the operators when their actions have 

activated the control system, even by mistake. However, good mistake prevention system 

must be applied to resists the false activation during the operations and the fault in 

applications that lead the control operation to failure. Besides, they should be compact and 

concrete enough to tolerate operators‟ actions during panic or emergency situations.  

3) Computer systems  

Since the last few decades, almost all of the control operations in control centers are 

computerized. This is due to the widespread of the advanced household computer, which 

open opportunities for many technology developers to be able to improve computer software 

and hardware to be more user-friendly and adaptive. Therefore, the application of those 

technologies cause the data and information management throughout control centers to 

become more synchronized and well managed nowadays. 

Good information needed to be accurate, complete, reliable, instant, and understandable. 

Various technologies are suggested to create such characteristics for information flow in 

control centers, which can be suggested as follows. 

Data and information management systems 

Data is transformed into information when it is meaningful and understandable for both 

sender and receiver. With complications in organization systems, data and information 

handling is a difficult thing to take control.  

Data and information that is collected through times is another type of significant tangible 

asset for an organization. It can be used to create recognition to the results of decisions 

and actions to different situations. In old days, the collection of information is performed 

by documenting them in papers. Afterwards, computer systems are suggested to simplify 

data and information management in organizations to make certain that all resources can 

be accessed later when they are needed. The result of this idea leads to the development 

of data warehousing, which collects all kind of information that might be useful for the 

future purposes. The technology that manages the data warehousing is called database 

system.  

One more significant data and information management system is Enterprise Resources 

Planning (ERP) system.  Its idea was generated from the difficulties in handling with 

synchronization issue for organizations with complex structure. It acts as a computer 

application package that links all the related computer systems needed for different 

departments throughout the organization together. SAP and Oracle are claimed to be two 

of the most efficient ERP systems in the world. Integration of ERP system will give 

synchronization, accessibility and accuracy as advantages to the organization. 
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Networking and communication system 

Data and information flow within control centers are collected from both external and 

internal sources of the organization. Therefore, they need good commands of 

communication to smooth and boost the performance of the control system.  

Computer networks create linkages for many computers and devices to share resources 

among the certain network group. Nowadays, they can be categorized into LAN (Local 

Area Network), MAN (Metropolitan Area Network) and WAN (Wide Area Network) 

depending on the coverage of connection. Mostly, LAN is used to create communication 

within a small group of people with limited access in the organizations. LAN coverage is 

limited by geographical area through wire or wireless networks. A group of LAN will be 

covered into MAN in city and metropolitan level, and gathered until it become WAN at 

national level to connect with the Internet, as global-coverage network later on. However, 

there are many internet services that provide private network for organizations which 

allow them to create private network between and among their connections in different 

areas around the world. Robustness, accuracy and security are the significant 

requirements for good communication network. 

Simulation system 

Simulation system is the reflection of the actual situations in real life, presented as a 

model by computer systems. It is designed based on the current operations in the certain 

system. Applications of simulation in control centers allow the operators to be 

acknowledged by the results on their decisions and actions that occur and might occur to 

the real situations while the results are simulated from the model. By its purposes of use, 

simulation can be classified into two categories. 

 Physical simulation: is the reproduction of the current industrial operations into 

control centers to monitor overall status of the controlled system. Its major purpose is 

to create awareness of abnormal situations that occur in the real operation. Physical 

simulation needed to be accurately, reliably, understandably and promptly illustrated. 

Therefore, it requires excellent command in the design criteria together with 

outstanding synchronization from database system, networking system. In addition, 

disconnected simulation from the real industrial operation can be used for operators‟ 

training in decision making and taking actions to different kind of situations. 

 Conceptual simulation: visualizes the concept for possible improvement improved 

based on the current system. The simulation results are simulated from the previous 

results caused by decisions and actions which are stored in the data warehouse. This 

type of simulation is used to evaluate the performance of the designed model to 

support the direction and decision for the future improvement. 

4.8.2 Automation in control centers 

Advancements of technologies lead most of the control operation in control centers to be 

computerized. Intelligent systems are suggested to simplify the operators‟ work.  Automation 

in control centers is the knowledge that is created from the study of human‟s activities, 

decisions and their results from the previous situations. In order to create a better control 

system, some control functions are automated to reduce the operators‟ workloads and provide 
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faster responses to some routine kind of situations. Besides, it can be applied in some 

functions that human cannot perform due to the un-supporting environment.   

Situations in control operations mostly changed all the time due to the surrounding 

environment such as related information and time detail. Therefore, the automation in control 

centers must not be fully automated. Artificial intelligence (AI) must be carefully 

programmed and cannot design totally based on database. Good automation in control system 

should allow the operators to be able to choose the way of taking actions by themselves when 

needed. 

4.8.3 Physical environment design in control centers 

A part of ergonomics integration in control centers relates to work environment design. There 

are many evidences support that operator‟s performances can be increased when they have 

willingness to work. (e.g. Joshi, K., Lauer, T.W., 1998; Harris, D., 2007; QoWL Ltd., 2008) 

The increment of performances is most likely to be resulted from providing safety and 

security for them. Therefore, good environment in control center has tendencies to support 

operators‟ physiological and psychological capabilities, which can also results in creating 

greater business and industrial operation‟s efficiency and productivity. 

The first aspect in environmental design is the control center‟s construction and interior 

design (control center‟s layout). Windows, doors, furniture, and control devices should be 

positioned to support the operators‟ physical logistics especially major activities in the 

control center and makes the control operation flow systematically. These activities include 

decision making, controlling actions and information observing. In addition to the 

positioning, the design of the construction including the ceiling height, room size and 

coloring also take parts in supporting the operators in psychological aspects. When they have 

pleasure to work, their working performances, as well as their creativity level will be 

increased. Moreover, construction method and material usage have significant roles in 

reducing obstacles in control center, for example increasing sound absorption ability, heat 

protection and vibration prevention. 

The second aspect is furniture in control centers including operator desk, chair, bookshelf, 

etc. This type of supporting system is normally designed based on ergonomics knowledge in 

order to offer supports for human‟s anatomical and behavioral properties. At the same time, 

because different people have different body size, (height, weight, length of organs, etc.) 

much furniture is designed to be adjustable. The purpose is to offer conveniences for the 

user‟s movements including working angle, movement speed, and reach ability in performing 

work. In addition, they should support the positioning of related technologies to support the 

operators‟ works. 

The third aspect is lighting and coloring systems. Because operators‟ eye vision is the 

significant capability in monitoring, lighting and coloring in control centers should be set and 

designed to support the control operation suitably. Significant factors that relate to the 

lighting system design in workplaces cover glare, reflection, shadow, brightness and 

illumination. 

The last aspect to be mentioned is ventilation system and thermal system design. Humidity 

and temperature are considerable factors in improving working satisfaction for operators. 

According to Howstuffworks.com, an online source of explanation, state that human skin gets 
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rid of internal humidity by passing into air to maintain its current temperature. So, it can be 

verified that humidity has a tremendous impact on human body‟s temperature. As the relation 

to the operators‟ working condition, too high temperature in the work environment tends to 

reduce their stress and tension limitations. On the other hand, too low temperature is likely to 

reduce their concentration level in work. 

4.9 Command and Control Center Concept, the Board Room of 

Future (Ivergård, 2008) 

Even though control centers are developed with advance technologies integration and 

ergonomically designed, they are constructed to support the operators, whose duty is handling 

the controlling system. In most business nowadays, decision making is the activity which 

should be done by top management sections. While information is one of the most significant 

key factors in decision making, it is important that top management sections could perceive 

all internal and external information that relates to the operation‟s situations collected and 

flow within the control center. To create understandable control system which is usable for 

top management sections for making decision is also a very important thing to focus, so that 

the activities and solutions could be done effectively.  

Decision making to information might lead the organization to its success, which brings 

competitiveness and benefits in internal and external aspects, or failure, which causes loss, 

that might be the beginning of the collapses to the organization system. Control room for 

future then should be the place for decision making that includes the top management 

sections into the operator team.  

  



Operators’ Usability Support for Improving Working Efficiency in Control Centers  | 31 

The environmental concern perspectives 

 

Master’s Thesis: Product and Process Development – Production and Logistics 

Department of Innovation Design and Engineering, Mälardalen University, Eskilstuna, Sweden 

 

 

5. Results 

The results from this research present the supporting information from various sources. This 

research collects information from different categories of people who are related to particular 

control centers’ operations. It covers people’s perception through different kinds of problem from 

control operations in the net, interview to a control system designer, observation result from a 

control room and questionnaire results from control room operators of many companies. This 

information will be used as resources for analysis and discussions later on. 

 

 

 

5.1 Internal / External Problems for Control Room Working 

Environment 

The concern of employees‟ quality of working life shows relations to problems in the 

working places. These problems are increased in parallel with the advancements of 

technology. Nowadays, those problems have become more obvious and occurred widespread 

among working people all around the world. There have been many studies performed to 

verify and solve those difficulties in works. However, the examples of the most concerned 

topics are health hazard and environmental issues. 

5.1.1 Health hazard 

Nowadays, people tend to have more problems from spending the whole day working with 

technologies, especially with computers. This leads to many drawbacks, for example, the less 

interaction between humans and also to the mental problems from stress and compressions. 

Physical problem is one of the most critical problems for operators. It has become obviously 

seen.  If we search through the internet with the keyword “back pain”, it will show millions 

of results from discussions, articles, and many other media.  

 

Figure 8: Search result from www.google.se with key word “back pain” 
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The keyword represents one of the biggest health problems that human have suffered from 

computer usage. It is clear that working people nowadays tend to have more back problem, 

which are resulted from their work. To be more scoped, another search also shows an 

interesting result.  

 

Figure 9: Search result from www.google.se with key word “back pain from sitting too long” 

It is clearer to understand that “back pain from sitting too long” refers to the symptom 

resulted from spending a long time working in the same position. It is one of the most hazard 

health problems that affect most working people in long term. Works in control centers also 

require the personnel to spend a long time on the control tasks, especially monitoring. It can 

be seen in the comments, discussions and solutions from the search results. 

Another problem that directly relates to the duty of control centers personnel is visual 

perception and eyes problems. The nature of the monitoring tasks requires the control centers 

personnel to keep tracks on several display systems in control centers for most times, which 

affect their visual system and eye muscles. The health problems those are mostly seen from 

the mentioned issue are eyestrain, headaches, blurred vision, dry and irritated eyes, neck and 

back aches. (Anshel, 2005) 

However, back pain, and visual and eyes problem are just a part of physical health hazard in 

control centers. There are still more health problems to be discussed, such as noise, 

ventilation, temperature and etc. Besides, the physical problems also create stress and cause 

psychological problems to the operators as well. There are also many other health and 

comfort related problems in control room work, such as problems with the neck, hands, wrist, 

circulation in legs. All this problems of the operator will also influence the performance of 

the operator and limit their abilities.  

5.1.2 Macro perspective of environmental problems 

The technology advancement can also leads to another significant problem. Environmental 

problems seem to affect humanity in macro perspectives. Generally, for businesses, the 

production system improvement has a tendency to increase benefits with better performance. 

At the same time, it may cause many problems to environment for small and large scale 

including community as well as ecosystem as a whole. The problems are mostly referring to 

industrial and technological pollutions in form of e.g. chemicals, solid waste, fertilizers, 

radiations (electromagnetic, ionize, mechanical, noise and vibration), energy, influencing air, 

water, acoustics and heat/climate, that exceeds the natural level of balance in nature and 

cause “instability, disorder, harm and discomfort to the ecosystem.” 

(http://en.wikipedia.org/wiki/Pollution)  
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5.2 Interview to ABB’s Control System Designer 

Finding in this research also performed on interviewing a control system designer, Mr. Sakol 

Pranamornkith. In 1996, he graduated a Bachelor‟s degree in electrical engineering from one 

of the best science institution in Thailand, King Mongkut‟s Institution of Technology 

Ladkrabang (KMITL). Apart from his education background, he also had his own interest in 

PLC programming.  

Upon his graduation, he worked as a system design engineer for ABB, Thailand, the center of 

excellence in power transformers under ABB group, one of the world‟s leading engineering 

companies (http://www.abb.com/). After a period of time, he was given a responsibility to 

design a control system‟s user interface for a cement industry project sub-contracted by ABB, 

Switzerland at Toongsong, Lampang, one of the biggest industrial areas in Thailand during 

that period. It was his starting point that leaded him to his international work. After that, he 

was offered an opportunity to work as a system designer for ABB‟s project in USA, and 

lastly, before his current work, as a R&D engineer responsible for product test for 

international usage in an Asian‟s perspective. Currently (June, 2010), he is working as a 

System Design (UID) engineer at ABB, Sweden, which is the center excellence of nuclear 

power plant of ABB. His work covers control system and user interface designing for power 

generation industry (Business unit power). 

The major goal of ABB in engineering consulting business is to give total solution to the 

customers. This means that ABB does not only suggests the consulting and operational plan, 

but also delivers the whole project implementation including operator desks, control system, 

control room layout design as well as construction if the customers need. For his 

responsibility, Pranamornkith designs control system in control rooms for the customers‟ 

business operation.  

Pranamornkith gave many interesting commences about the customers‟ perspectives and 

decisions in building a control room, which create the contrast between the viewpoints of 

contractors and customers. He suggested that, as contractor, ABB create the solution 

according to the customers‟ requirements, standard, layout and technology in building a 

control room. However, he also claimed that the most important factor that customers 

consider the most is cost. Moreover, apart from the business and operation point of view, 

ABB also provide environmental control system for the social responsibility if the customers 

need.  

Control room design is a very complex process that could hardly be perfect without 

adjustments. Since it is almost not possible to adjust human to fit the technology, the control 

systems needs to be changed until it fits the operators. Nevertheless, the system performance 

and functionality cannot be evaluated within a short period of time. Many suggestions still 

come after the design process. While designing is a significant process that needs intensive 

attention, he also supported that improvement process is another vital aspect that cannot be 

ignored. 

The development of control system in control rooms might be depending on the operators‟ 

suggestions to the current operation or suggestions from system design engineers for changes. 

However, there seems to be differences between recommendations from system design 

engineers and control room operators. Pranamornkith proposed that most operators do not 
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have much interest in system improvement unless the former control system is obsoleted, 

malfunctioned, unsatisfied, or the improved system is proved to support and simplify their 

work. For his case, he mostly takes part in the system test together with customers‟ control 

room operators, listen to their comments about the interface, control panel and function of the 

controlling systems. 

He also suggested that training is another significant topic in control room operations and 

improvements. Control room operators should take part in training from time to times to 

make sure that the functions of control system are utilized effectively. Apart from training, 

simulation systems are also important to system development, especially while the operations 

could not be stopped for testing and training. 

Pranamornkith mentioned that, although most operators tend to prefer more automated 

system, they are not supposed to be as much as fully automated. Good control system should 

embed artificial intelligent (AI) system that is reliable enough to solve some basic errors and 

problems. Therefore, they need to give suggestions and allow operators to take control 

manually when some complex or unplanned problems occur. So, the process alarms and 

system alarms are the crucial system that should not be ignored. 

Regarding to job function design, Pranamornkith commented that work shift is a major aspect 

in the design criteria. The operators‟ performance will be reduced after a period of continuous 

work. Therefore, a good control system should have supporting system that informs the 

operators to realize in the happened situations and allow the operators to communicate 

between shifts. He supported that most of the control systems have system log that record the 

previous situations and decisions in the control centers for referencing. He added that his 

designed systems also allow the operators to make notes and leave message in the system log 

as well.  

Lastly, Pranamornkith also reflected the differences of viewpoint between European and 

Asian organization culture. He claimed that Swedish working environments tend to pay more 

importance to quality of working life than in Thai organizations. An example is, the Swedish 

organizations will change the operator chair suddenly if their employee does not satisfy with 

it, while Thai operators even dare not to ask for such change. 

5.3 Control Center Observation: Teracom Kaknästronet 

Teracom is a telecommunication company that provides television and radio services, 

broadcasted all over Sweden. Its central control room is Teracom Kaknästronet. It located in 

Stockholm, in charge of centralizing the information flow from their subsidiaries. For the 

time being (June, 2010), Teracom was initiating an improvement plan for their control room. 

The program duration was about two years, starting from integrating new display facilities. 

The major purposes of Teracom‟s control room development are to ensure the future 

increment of service quality as well as production.  

In their improvement, apart from the production and business aspects, Teracom also has 

willingness to focus on increasing its employees‟ quality of working life. Therefore the 

concern of ergonomics and usability are emphasized in the operation plan. 
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5.3.1 Work design and leadership 

The major task of Teracom is taking control of the overall operation, maintenance, 

production planning and customer support. The works in the control room are carried out by 

around 22 people taking part in information flow management among their broadcasting 

stations all around Sweden. Tasks of the operators within the control room are monitoring the 

status of signal transmission and broadcasting if any problem has occurred. The maintenances 

of broadcasting stations are performed by maintenance stations within its covered area, which 

is ordered from the central control room. 

Inside the control room, the structure is separated into two components. The first section is 

responsible for solving physical problems from data transferring. The second section deals 

with broadcasting. Both sections have main operation section which has one operator in 

charge and supporters that would help with the workloads when the high traffic scenario 

occurs. The control room work is divided into two shifts which is day and night. 

5.3.2 General layout, room design, and internal environment 

The control room was built with rather good overall working environment. However, the 

lighting gave insufficient amount of light when measured on the working spaces (the 

measurement was about 130 lux, whereas the sufficient amount is between 200 to 300 lux for 

minimum).  There were individual adjustable ceiling lamps for each working station that 

allowed the operators to choose the function on their demand (upward and downward). Noise 

level was low. Light came from outside was not too much, but sometimes caused reflections 

to the front display. However, the operators claimed that the light issues caused no problem 

to their visual capability and the disturbances were not obstacles for their work. 

The control room layout was quite flexible with adjustable operator desks and ergonomic 

chairs. The desks had capabilities to move upward and downward, front and back, and also 

together with some small detailed mechanisms. Some chairs were rather good and gave well 

support to operators‟ working postures, while many of them did not. The control of operator 

desks and chairs were difficult to use. Unfortunately, even the furniture was (not totally) 

ergonomically designed, the operators seemed not to be acknowledged about the proper 

working postures and how to adjust the furniture correctly. 

5.3.3 Features and Current Technology 

Computer systems 

Teracom‟s technological supports are mostly from computer system. The communications 

between subsidiaries and central control room are carried out on wide area network (WAN). 

The significant supporting systems are internet-based monitoring systems and database 

systems used in problems reporting and maintenances notifying. The roles of operators to the 

computer systems are looking up the database system when the problems are notified and 

contact the maintenance stations around the area to fix the problems. 

During the observation time, Teracom just integrated new database system about one and half 

year ago. It provided information about the service centers and linkages to the surrounding 

broadcast stations around Sweden. This research observation is also conducted to observe the 

work function and responsibilities of the operators and their relationship to the computer 

system. Verbal protocol method performed on one operator showed some problems during 
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his work. The problems seemed to be from the un-synchronized connection between the 

alarm system and the database system. This causes them to check out the relation between the 

two systems by themselves. In addition, the database system was not user friendly, and 

created difficulties to access the information that they need.  

The monitoring and database system also demand usage of many computer displays to 

present information and program windows for controlling the operations. This caused 

confusions to the operators during high-activated situations and leaded to time consuming in 

responding to the problems.  

Display systems 

Display systems in most control centers consist of two sections, wall-front displays and 

computer displays, which is the same for Teracom Kaknästronet. Wall-front displays in the 

control room comprised of CRTs, LCDs, and plasmas in different sizes, displaying overall 

status of different media channels. The reason of this variation was due to the growth of 

media channel and communication technologies at the different time. When problems were 

reported, there would be alerts notified on the computer displays at each of operators‟ 

working stations. After the maintenance reports were sent to maintenance stations, the 

operators in the center control room would check from the wall-front displays if the problems 

were solved and operated properly. 

Disturbances might come from the CRT monitors, which are used to present the focused 

media channel in the front the control room. However, those disturbances were not seemed to 

cause any problem to the operators‟ working performance. They claimed that they hardly 

paid attention to them. On the other hand, these displays were claimed to be the factor that 

reduce stresses and boredom in their work.  

There were several drawbacks from the display technologies used in the control room. These 

included glares, reflections, resolution, contrast, colors, viewing angles, brightness, etc. They 

were major causes of information perception performance reduction for operators.  Moreover, 

they lacked of flexibilities, which fixed each display to output only one channel at a time. 

Therefore, the control room required many displays and controllers to perform the tasks. The 

age of the CRTs was another concern, which leaded to the more frequent maintenance, 

reduction of signal and image quality, and also high consumption of electricity. 

Since the observation was performed within a limited time, the job function cannot be fully 

evaluated. However, they can be analyzed from the questionnaire that was also handed out 

after the observation. 

5.4 The Questionnaire Results 

The questionnaire return rate was 52.5%, which are 21 out of 40 questionnaires were 

returned. It was considered a pretty high result, which was due to the personal contacts from 

the organizations from Teracom Kaknästornet, Metropolitan Waterwork Authority (Thailand) 

and Metropolitan Electricity Authority (Thailand), whereas the unreturned questionnaires 

were handed out to the companies without personal contacts. However, the result was quite 

satisfied, because there were difficulties in contacting companies and there was limited 
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number of control centers operators population. Therefore, the actual expectation was lower 

than the response. The questionnaire results can be seen in Appendix C. 

The companies were categorized in public utilities, and telecommunication type of 

organizations. The research showed that most of the control centers operators are male with 

the average age of 26-45 years old. They typically had education level in high school and 

bachelors. Though, there were several masters. Almost all of the respondents were control 

room operators, but there were two managers. Most of them had working experiences for 

more than five years, and there were some new entries level of 1-2 years as well. Their 

average working time was 40 hours per week separated into shifts, morning, afternoon, 

evening, and night shift. All of the operators were responsible for more than one shift per 

day. 

5.4.1 Quality of working life 

Most of the operators had health concern in their working life. They did exercises from time 

to times, which created flexibility to their body and reduced tensions for their muscle. This 

supported their capabilities and limitations in their tasks. In addition, they claimed that their 

works did not deliver them too much stress, and they enjoyed their working life. Moreover, 

their routine works did not make them feel too tired at the end of the day and made them feel 

quite fresh at the beginning of the next day. According to the psychological point of view of 

the ergonomics integration, it will empower their working performances, which is a good 

sign for the control operations. 

5.4.2 Job function 

Most operators claimed that they recognize the functions of the control system and know how 

to manage it well. Their tasks and working situations challenged them in achieving the 

objectives. So far, they mostly satisfied with their working time and responsibilities, and their 

rest between shifts was enough, which reflected that the job function and allocation have 

been managed quite well. However, most of their works had them to stay in the same place 

and same position, which might cause psychological and physiological problems for them. 

Stress and boredom might occur for psychological problems, whereas back, shoulder and 

neck pain are some possible problems for physiological problems. In addition, cooperation 

between departments is still not so much concerned and communications still lack of 

synchronization. 

5.4.3 Ergonomics in work 

Most operators claimed that they can use the controlling system effectively with their existing 

capabilities. With this issue, some discussions might be brought up if the utilization reached 

the highest performance of the systems. However, they were satisfied enough if they can 

bring the achievements to the tasks. The functions of current monitoring system gave them 

pretty satisfied result from their perceptions. So far, they did not have any comment to the 

display technologies that are integrated in their workplaces if they would deliver any visual 

perception problem to their eyes. Moreover, most operators did not realize if their works 

might lead them to have any health problem in the future. The furniture and devices in their 

workplaces tend to support the comfort of their body, but still not good enough that 

sometimes become obstacles for them and causes their mistakes. No risk in their workplaces 

has been revealed up to now. This can be suggested that the control centers need to 

reconsider about the possible problems and take responsibility to solve those issues. 
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5.4.4 Function efficiency of the current system 

Most operators claimed that the technologies for the current controlling system are suitable 

for their work. They stated that monitoring system in the control centers were able to present 

clear information and illustrate the whole picture of the controlled system, but still not good 

enough to be considered as an effective system. Meanwhile, they did not have any comment 

about the alarm system, which means that the alarms can create good recognitions to the 

operators for proper false and errors. The error handling system could not provide satisfied 

solution in solving the abnormal situations. However, the abnormal situations and alarms did 

not cause the operators to be too excited and stressed, which allowed them to deliver the 

solutions without any anxiety. 

5.4.5 Learning and self-development 

Most operators thought that their beginning knowledge was enough for their works. This 

might lead both pros and cons to the control operation. The good thing was that they tend to 

understand the controlled system and would be able to deliver proper solutions as well as 

good decisions to the control operations. Therefore, it will leads efficiency to the control 

centers. On the other hand, it might become an obstacle that reduces their willingness to learn 

and develop themselves, which might be a part that prevents the control centers from proper 

improvement. 

In fact, the operators claimed that they are capable to learn and develop themselves during 

their works. However, they also reflected that they do not have sufficient supports from 

management to learn and develop themselves. Furthermore, they realized that they do not 

have so many roles in being a part of control system improvement as well as organization 

development.  

5.4.6 Macro perspectives in work environment 

The operators agreed that environmental problems are big issue which needed to take care of. 

However, they did not think that their works cause any air or water pollution to the 

environment. Unfortunately, they did not know that their work might contribute to a better 

control of environmental pollution, which quality control might affect the level of pollution 

released into the environment. 

The questionnaire results also reflect the difference in perspectives between Swedish and 

Thai operators. It seems like Swedish operators have more concern in their quality of 

working life more than Thai operators. They seem to have more willingness to learn and 

improve their capabilities. These aspects will be discussed in the analysis part. 
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6. Analysis and Discussions 

The analysis and discussions of this research are separated into various topics in order to create 

a clearer understanding in control room design and improvement criteria. These topics are 

criticized from the research results based on the related theories and articles. The direction of the 

analysis and discussions will be set by giving comments on the current trends of control centers 

and suggestions for further improvements. 

 

 

 

6.1 Current Trends of Control Rooms and Comments for 

Improvement 

In the current days, most of the control room concepts are built upon the demand of 

production increment, quality control, false and error reduction. These concepts mainly share 

the common role in centralizing the information within the organizations. Nevertheless, there 

are differences in some details and functions of the operations, which are designed based on 

business characteristics.  

6.1.1 Ergonomics 

Ergonomics has been claimed as the major concern for most control centers. Nowadays, the 

actual implementations do not fulfill the true purpose of the knowledge because it lacks the 

communication between operators, designers, and management. This can be seen from the 

differences in perspectives among those control center-related personnel. The problem leads 

to the absence of users‟ understanding in ergonomics and its application in their works; hence 

the applied knowledge cannot be utilized effectively. The problems cover the whole system 

ranged from job functions, usability to environmental factors. These problems have limited 

the operators‟ capabilities including physical limitations, psychological limitations, and 

knowledge limitations, and reduce their working performances. (see 1.2.1 Factors that limit 

the capabilities of human work) These issues include the human-machine interaction 

performance in control centers, which are the technical supports for control operations. 

Psychological aspect is another concerning area which is implemented differently based on 

organization cultures. It is more obvious when reaching continental level. One good example 

of the differences between Sweden and Thailand is that the Swedish working culture shows 

much more concern on the quality of their employees‟ working life than in Thai culture. (This 

issue is mentioned in 1.2, Interview to ABB‟s Control System Designer and 1.4.1 Quality of 

working life) This subsequently results in their higher business profit and processes 

performance when compared to Thai organizations. However, the questionnaire results show 

that the satisfaction, efficiency and effective rates are still low in both countries, which 

indicate that there are still areas for further improvements. 
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Between designing and improving processes, there is a gap that needs linkage to synchronize 

the relationship between operators and control system. Although the initial control center is 

well designed, it does not guarantee the best performance when used by operators. (see 

Appendix C: Questionnaire results, section 2: Your current working situation, topic 4: 

Function efficiency of the current system) The demand of flexibility is another aspect to be 

concerned in the design criteria because it tends to create opportunities for future 

improvements. In addition, it is necessary for operators to be aware of their own duties and 

show contributions by giving responses to the control system in terms of comments and 

suggestions, so that the improvement processes can be performed in the suitable way. This is 

because the system designers themselves cannot fulfill the total requirements for the specific 

control operations as mentioned in the comment from the interview. The awareness of these 

important factors should be spread throughout the organization from operators as the users, 

designers, line managers and top management for supports, in order to drive the improvement 

operation to become more successful. 

Unfortunately, problems in control centers related to ergonomics are mostly ignored by 

operators, designers, and management. This may not cause serious problems in the short term 

and they may assume that the existing systems are sufficient and working well for their 

works. However, in the long term, problems start to emerge and cause psychological and 

physiological problems to their personnel. Various problems are become more obvious 

nowadays, especially health hazards, and environmental problems. (see 1.1 Internal/External 

Problems for Control Room Working Environment) It is a critical aspect to be discussed. 

6.1.2 Technology integration in control centers 

At the beginning period when control rooms were firstly introduced in the 1960‟s, the 

technologies during that time were much less complex. Each technology works independently 

on its own function and purpose. Nowadays, businesses are much more severely competitive. 

Technologies are more advanced than before, which makes various technologies available as 

alternatives for applications in industrial processes and business operations. However, each 

type of technology gives different benefits and drawbacks as mentioned in 1.8.1 

Technologies those are introduced into control centers. Therefore, the technologies should be 

carefully chosen to cut down manpower and operating cost in order to increase competitive 

advantages, productivities and business profits. 

The question on how to choose the proper technologies that suit the business operation has 

been one of the difficulties in the control centers design and improvement. As mentioned in 

1.5.3 Considered factors in usability implementation, cost is always the first priority in 

control centers design and improvements. However, it is also important to consider that not 

only the cost of newly integrated technologies will be taken in account, but also various 

hidden cost on other related organization‟s elements for example the operators‟ training, 

system maintenance, and replacement. Integration of technologies in the earlier period of 

control centers design and improvement mostly brought up with advanced technologies in 

that time. They would last long until their performance drop or the introduction of new 

technologies that could deliver better performance and more useful functions to the control 

operations. The replacement of new display system to the old CRTs displays in Teracom‟s 

control room could be one example. Therefore, the technologies‟ functions and costs are 

needed to be balanced to achieve the major goal of the operation.  
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Together with the great benefits, these technologies also cause many problems to the control 

operations in control centers. When they are integrated, the pressures are put onto the 

operators to be more alert. These technologies cause various hidden impacts to the operators 

especially tensions, mental stresses and latent fatigues, which cause the long term health 

problems for them and tend to reduce the total control operation performance.  

The lack of synchronizations between technologies is another issue to concern. This is due to 

the time difference in technologies integration and the primary specifications that do not 

properly provide flexibility for the further improvements. Un-proper synchronization of 

information technologies causes errors, false and mistakes to the control operation which lead 

to the less production performance, more time consumption and higher operation cost to the 

business. Therefore, flexible system integration is another major criterion in control center 

design and improvement.  

Most of the control systems implemented nowadays is designed based on the computer 

systems, which use the same software platform. This standardizes the use of control system 

including database systems, alarm systems, networking system, and etc. It can also create 

synchronization between each other. In addition, the major functions that support the main 

operational activities should be easy to use. Usability improvement in monitoring system, 

control system, and other supporting system increase not only the satisfaction of operators, 

but also the efficiency and effectiveness of the system as a whole.  

However, in reality, creating synchronization between different systems is not that easy. 

Many control centers and organizations around the world are still facing problems from this 

issue. Most computer-software packages are designed individually for specific purposes from 

different vendors, which always reject to communicate with users and other vendors. The 

problems remain to the operators and the organizations to solve and handle with un-

synchronized system and require future improvement. An example can be seen from the 

observation result. Although the control systems are un-synchronized, the operators still need 

to maintain the greatest control performance in order to deliver the best service to the 

customers. This result the operators to face with more stress from their works. Together with 

un-support control system, the operators cannot work with their full performance. 

6.1.3 Job Function design and allocation 

“Work systems are made up of more than just the physical components (tools, equipment, 

workstation, and production materials) with which people work. Other key elements of a 

work system are the work environment (physical, cultural, and social), work organization 

(work hours, pay system, assembly line, or other style, etc.), work methods (how the steps in 

the production process are performed), and tasks performed.” (Anshel, 2005) Only having the 

greatest controlled system does not guarantee the best result. The design of controlling 

system should also focus on the work design as well. Moreover, Anshel also suggested that in 

order to integrate safety, comfort, and productivity into the systems, tools, and work design, it 

is necessary to recognize the basic idea of physical construction, physiology, and capabilities 

of humans. 

Work Physiology and Psychological especially relations between cognitive and skill is the 

theory used as a part of job function design in terms of limiting the employees‟ workloads 

with their capability boundary in performing their works. The consideration is based on 

human‟s limitations (see 1.2.1 Factors that limit the capability of human work) in order to set 
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a proper job function in each specific task. Besides, as mentioned in 1.7 Job function design, 

different activity functions create dissimilar results to the control operations performance. 

Therefore, proper job functions have tendencies to improve the control centers performance 

as a whole. 

It is likely that most technology-related works tend to have a higher risk of causing health 

problems to human and it inevitably affect their working capabilities, and subsequently create 

a negative impact to the business profits and performances. Most organizations tend to 

overlook and ignore this particular issue. Shift work is an alternative to reduce the employees‟ 

workload, which is set to reduce physiological, psychological and sociological problems. The 

long working hours and stressful jobs need appropriate shift work to maintain the 

organization economics at the same time with system performance. Therefore, the 

technologies and job functions within control centers need to create the support system that 

allow the operators between shifts to communicate between each other. It is to create 

recognition on situations during the period that they are not working. 

6.1.4 Training on capabilities increment for operators 

Another significant issue in ergonomics improvement is human‟s learning and development. 

Preferably, the process of learning should be integrated into their daily works.  As the control 

center design cannot be completed at the pre-process stage, it needs developments and 

adaptation in order to improve the better working capabilities, which will benefit the 

operations in terms of operators‟ performances. It also allows the system development in the 

future. 

Since the initial knowledge of each operator is not equal, it does not cover the entire 

controlled and controlling system. Training and development are significant alternatives to 

increase the operators‟ capabilities for handling different situations in control centers. As 

suggested by Rasmussen, 1979 (topic 1.6.3 Knowledge based actions in control centers) the 

operators‟ performances in taking actions improve based on their knowledge. These 

knowledge implementations allow the operators to verify problems and make proper decision 

for the certain situations, which is a more effective way in control operations than the rule-

based and skill-based behavior. Knowledge-based behavior also generates knowledge for the 

organization. In summary, knowledge from operators is one of the most significant factors in 

creating knowledge for control centers improvement. 

Unfortunately, the questionnaire result shows that learning level in most organizations 

nowadays is still considered insufficient. Knowledge improvements in control centers‟ 

routine work play important roles in improving business and industrial performances. As for 

this issue, trainings can be the key solution to increase their knowledge and capabilities. 

Simulators are also another alternative that can be used to support operators training because 

it enables the operators to foresee the results of their decisions in the virtual system. It 

enhances the operators‟ alertness in preparations for different situations. More importantly, 

they can make use of the simulation results to improve the design of control centers. 
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6.2 Control function in normal situations vs. abnormal situations 

Although a control center has been well designed, and its personnel has been trained and 

qualified, it does not ensure that all situations are under control. In the normal situations 

where operations run smoothly, the old-fashioned works in control centers is considered a 

monotonous job for operators, and causes the operators to be less alert. However, when the 

operations run abnormally, they might not be aware of the change, and the spontaneous 

reaction might not occur in time.  A good control center then should have excellent support 

systems that can be used to handle and report the change of situations.  

The simulators, as suggested, can be one solution to stimulate alertness of the operators. 

Moreover, it can also ensure the decisions in handling those unexpected situations.  

Alarm system is another important issue to address. A good alarm system should be able to 

create good awareness to operators when there are changes with the system. It comprises 

changes from normal situation to abnormal situation and abnormal situation back to normal 

situation. In some cases, abnormal situation needs rapid responses to the controlling.  The 

display technologies should be chosen properly to fit the characteristics of control operations. 

This includes light and color, sound, vibration and display as suggested in 1.8.1 technologies 

those are introduced into control centers. 

Separating the alarms into different levels depending on their significance might report the 

status of the system to the operators quicker. A good alarm system integrated smart 

intelligence can predict, give warnings and recommend for actions in the case of risk for an 

accumulation of related or unrelated errors. Each system/process is unique in relation to 

error/alarm patterns and structures. It demands its own design of built-in intelligence (AI). 

Moreover, creating linkage between the error reporting and alarm system to the related 

systems e.g. database system will support the operators to work more effectively. Lack of 

good communication between systems will reduce the operators‟ action performance and 

create difficulties for them in handling with abnormal situations. 

In general, false and real error handling systems are employed to control the abnormal 

situations that might lead to the system or output collapses. However, the mistakes in 

operations also cause more pollution level left to the environment. In other words, false and 

error handling is an alternative for pollution level control that could be integrated into control 

centers concept as suggested earlier. 

6.3 Obstacles that prevent top performance of the control centers 

The synchronization between human and machine requires applications of physiological and 

psychological knowledge to the control operations to generate the best performance for the 

operators. In parallel with business knowledge, the achievement of the control operations will 

create top business advantages for industries. This concept has been discussed over decades, 

but still, most of the actual implementations fail to achieve the full performance due to the 

lack of contribution among the related personnel.  

Differences in perspectives from varieties of related personnel in control centers also lead to 

conflictions and prevent the control operations from their efficiency. Satisfaction alone could 
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not fully drive control centers to their top performance, but it also requires the system 

effectiveness. This means that it is necessary for both design and improvement processes to 

have creativity and cooperation from control system designers, suggestion for improvements 

from operators, and supports from management. 

 Control system designer 

Mostly, control center design and engineering are processed based on different 

perspectives from experts. This becomes a collection of knowledge from various fields 

into one project. The design fundamental should smoothen and adapt the knowledge 

combination to fit into each other so that, those knowledge will not create conflictions. 

Moreover, the viewpoints are created upon the logic of different fields of specialists, 

which makes the usability not fully support general operators and decision makers.  

As discussed previously, many capabilities of human should not be adjusted, for example 

postures, sense of organs, and emotional perceptions. When operators are forced to adjust 

themselves to fit the control operations, it would cause drawbacks to the control 

performance. Consequently, control centers should be designed to fit the characteristics of 

work, support and reduce operators‟ capabilities and fit the demand of operators who are 

the users of the system. This is the key concept of user centered design. Therefore, 

adaptation and improvement processes are significant aspects that could not be ignored. 

Although full of experience gathered, designers could not use their own ability and 

knowledge as the standard in usage of control system. Different people have their own 

experiences in the way of thinking and taking actions, especially in different fields of 

business. Control system designers should be objective in these facts and get rid of their 

ego, thinking that their designed systems are perfect, easy to use, understandable, and 

would fit everyone‟s requirements.  

 Users/Operators 

Nowadays, control centers personnel needs to be highly qualified in terms of knowledge 

and skills. They should be able to drive the design and development processes and 

requirements, and be able to boost the performance of the system to the highest level. Not 

only their existing knowledge in the controlled operation is required, they also need to be 

keen on the controlling system usage, which is computer knowledge. In fact, this 

restriction has become a factor that limits the efficiency of control system. 

System improvements are also critical areas that require operators to be alert in learning 

for the new system performance. Their knowledge and comments are the leading factors 

that drive the control centers to be improved. Anyway, most operators do not have much 

interest in system improvement unless the current control system is obsoleted, 

malfunctioned, unsatisfied, or the improved system is proved to support and simplify their 

work. Therefore, learning in organization should be focused to become a passion for 

operators in self-learning and development. 

The functions that can increase the operators‟ knowledge capabilities are training and 

lecturing. Leadership, control system, creativity, and ergonomics are some examples of 

training that could increase operators‟ knowledge and ability in their works. The control 
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centers‟ supports and functions cannot be effective unless the operators are 

knowledgeable and able to use them. 

 Management 

Knowledge collected in the organization means nothing if it lacks implementation. 

Whereas the best control center concept is introduced and the most efficient operators are 

qualified, the processes cannot be driven without supports from management. The 

improvement requirements are approved with the agreement from executives and 

managers. Difficulties are frequently occurred to operators and designers to give 

suggestions for the improvements, and are frequently becomes the obstacles from 

achieving top control performance. Therefore, it is necessary to convince and 

acknowledge the executives and managers so as to create awareness of the 

implementation knowledge. 

In summary, it is the responsibilities of system design engineers to offer possibilities in 

improvement plans for the customers based on recommendations from the operators. These 

perspectives should be convinced by researchers and ergonomists to create awareness for the 

control centers personnel. 

6.4 Actual requirements of the system based on usability aspect 

Most organizations share the common concerns about costs, profits and performances of the 

system. Very often, these factors show conflictions among each other. For example, creating 

a better performance of the system will increase the construction and planning costs. 

However, according to the findings and discussions in this research, the three factors tend to 

be related to each other if implemented correctly. The increment of system performance can 

reduce costs of the operation as well as increase the system profits.  

Another view in designing criteria is on the achievement and satisfaction of the goal. It can 

be different depending on the purpose of the work. Some works may focus on the 

performance of the system, which in this case, costs and profits are not the major concerns. 

Simultaneously, too much concentration in designing and improving the system performance 

can lead the control system to become over demand of the actual work requirements.  

In regards to the discussion from Wilson & Collet (2005) in ergonomic problems from 

technological integration and job functions in organization, they suggest that, “Across a 

whole range if ICT (Information and communication technology) implementation projects, 

we can find examples where end users are not clearly identified and their needs not accounted 

for, where systems become excessively complex or have far more functionality than really 

needed, user training and support are not sufficient, interfaces hinder rather than help users, 

and the development process itself lacks clear objectives, is inflexible, and is too technology 

driven.” 

Therefore, in consideration of usability and ergonomics integration into the design and 

improvement for control centers, it is necessary to take into account with the context of 

“which” factors and tools should be applied and “how” to set the methodologies in order to 
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achieve certain goals. However, to reduce costs, increase profits, and improve performances 

are the highest demand for business operations. 

6.5 Rethink of the Old New-Tradition Concepts 

Several aspects are un-intended caused by the “old new-traditions”, which people think these 

concepts are the reasonable and capable for their control centers. However, the results of 

some parts of this research show conflictions to those concepts, which lead us to the 

discussions on the suitability of the current trend of control centers. 

Satisfaction of the operators to the current system might be considered as one of the most 

appreciated results of the control center design and improvement, but it does not mean that 

the control centers can deliver their best performances. In many cases, the operators in 

control centers do not recognize with how to utilize the technologies in their work effectively. 

This issue is one of the major causes that prevent control centers from performance 

improvements and waste of the investments. Ergonomic furniture in control centers can be 

one example that most operators are not aware of how to adjust them suitably, and they are 

most likely to work in un-proper postures. Still, the operators feel that they do not have any 

health problems and are satisfied with their furniture. Therefore, external audit from experts 

will be the key issues to develop internal knowledge and improve the control centers‟ 

performances.  

Another aspect is the job function design. To have all necessary functions integrated in a 

work station to support the operator‟s working capabilities are mostly considered great idea. 

However, it might be better to have some functions that do not need urgent response to be 

positioned in different places. This will allow the operators to move around during work, 

which can reduce stresses and boredom from work. Besides, it can also prevent information 

overload and reduce confusions/mistakes to the work if the work functions are close to each 

other.  

6.6 What will the Business Benefits from Usability and 

Ergonomics Improvement in Control Centers? 

As discussed from many aspects, businesses can earn a lot of benefits from usability and 

ergonomics implementation into control centers‟ design and improvement criteria. When they 

are correctly implemented, they will reduce the operators‟ limitations, which lead to their 

performance increment. This will also improve the performance of control centers as well. 

Some of their examples can be summarized into the following topics. 

 Time: The improvement of control centers performance also directly relates to 

operation time reduction. When the operators are able to manage with the control 

system effectively, it will run without mistakes or errors. Moreover, time consumed in 

confusions in usage of the control functions will be reduced. 

 Safety and security: When usability and ergonomics are applied into control centers, 

less hazards and accidents will occur in the control operations. Back and neck 

problems, stress, and boredom are some obstacles that will be reduced. Therefore the 
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operators will be more satisfied and more willing to work harder and with better 

performance. 

 Quality: Usability and ergonomics will support and reduce the false and errors for the 

control operations. This will gradually increase the product and production quality, 

once the works are performed with the better performance. 

 Lower operation cost: Once all the mentioned factors are applied, they will take 

parts in reducing the operation costs with less false and errors and less time 

consumed. Among the others, cost is always the most important factor in 

consideration of system design and improvement. Therefore, even the design and 

improvement costs are high at the first stage, it will be worth because the 

improvement and operation cost will be shortened in the long term.  

6.7 Side Benefits from Improving Usability and Ergonomics in 

Control Centers 

Although performance of the control center is the most demanding in business operations, 

there are also side benefits that organization can earn from usability and ergonomics 

integration. Among the others, there are some benefits that are significant as the major 

concerns in the current business trend. They can be discussed as follows. 

 Environmental: Control centers design and improvement with usability and 

ergonomics integration also reduce losses and cause less pollution to the environment. 

As for the purpose, pollution level control and false/error handling system are some 

examples of the functions that could give contributions to the control centers concept 

environmental problems reduction in macro perspective. Reliability of process control 

is likely to be related to environmental control in a local community and in the long-

term to the society as a whole. In addition, organization structure and internal social 

correspondent also support the operators to work in the better atmosphere, and then 

create the better working performance as the response. 

 Positive image to the organization: usability and ergonomics support take leading 

role in improving employees‟ quality of working life. Therefore, with the good and 

healthy working environment, employees tend to appreciate and have high loyalty to 

their organization, and dedicate themselves to their work. Moreover, with the better 

performance obtained, environmental control in the organization will create a better 

view from external. 

6.8 Differences in the Perspectives between Thai and Swedish 

Cultures 

There are several perspectives that indicate differences between Thai and Swedish cultures. 

This research raises two aspects among them. First aspect can be seen from the result of the 

questionnaire, which shows that Thai operators tend to be satisfied with the current system 

and their working life, whereas the Swedish operators are not. Besides, Thai operators seem 
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to have less concern in the physiological and psychological problems from their work tasks 

than Swedish operators. This might be due to the initial expectations. Sweden, as a top rated 

developed country, has world class social security fundamentals, and its government provides 

the better social system to their population than Thai. 

The second aspect is the cost concern, which Swedish organizations tend to have less concern 

in cost than in Thai organizations. A reason might be due to the social system as mentioned 

previously, whereas it might be due to the high living cost and currency strength. These 

issues result Swedish organizations to have better potential for investments than Thai 

organizations. 

6.9 Redesigned Control Centers for Future Concept 

Ivergård and Hunt (2009) have suggested the definition of Command Control Room/Centers 

(CCR/C) as “a place for decision making (for example through scenario planning), 

individualized and group-based learning, and activities which stimulate creativity.” In other 

words, CCR/C concept for future supposes to integrate and interrelate with “human factors, 

organizational and technology development”. 

According to the discussion, the control centers for future concept should pay attention to the 

following characteristics in addition to the current circumstances. 

 Support usability for operators  

The control system functions should support/improve the working efficiencies as well 

as work qualities for the operators. They should be easy to use and have support 

systems for guiding and reducing difficulties for operators when un-required 

situations occur. When operators use the control system effectively, they can create a 

better performance for the business operations. 

 Provide better employees’ working environment 

Ergonomics can be a part that supports the operators‟ psychological and physiological 

circumstances in their works. So, integration of ergonomics into control centers is a 

necessary criteria in reducing stress, create better quality of work life balance, support 

operators‟ muscular movements and anatomical postures. Moreover, the surrounding 

environment in the control center should be set to support the operators, so that all the 

activities within the control center can be done without any obstacle. 

 Support the flow of information among control functions including monitoring 

and controlling as well as decision making 

To be able to utilize the control system effectively, the operators need supports from 

the control functions for controlling and monitoring, which are the activities in 

managing the information flow. However, only good information flow from the 

control room is not enough to create success in the management, but how to deal with 

the information is even more important, as claimed by Goetsch and Davis (2003) that 

“Information is a critical element in decision making. Although having accurate, up-
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to-date, comprehensive information does not guarantee a good decision, lacking such 

information can guarantee a bad one… To make decisions that will help their 

organizations be competitive, managers need timely, accurate information”. 

In most business nowadays, decision making is the activity which should be done by 

top management. Information arrangements and transformation sometimes change the 

details of the data and information, which leads to the mistake in making decisions. 

To create control system which is easy to understand for top management sections is 

also a very important thing to focus, so that the activities and solutions could be done 

urgently. Realizing in situations in control centers, performances improvements can 

be performed easier. Decision making to information might lead the organization to 

its success, which brings competitiveness and benefits in internal and external aspects. 

On the other hand, if false decision was made, it will cause losses to business 

operation that might be the beginning of the collapses to the organization system.  

 Support operators’ learning and self-development 

The control center for future concept needs to support the learning activities of the 

operators in expanding their tacit and explicit knowledge, as well as the 

transformation between them. It is a significant factor for the control centers 

improvement. Internal knowledge within the organization will be used as the major 

criteria to improve the organization operations, create business advantages and drive 

control operation performances. External explicit knowledge will just act as 

guidelines. 

So as to improve learning capabilities, simulations can be used as tool for control 

system and operator performance evaluations, and trainings. Therefore, integration of 

simulation system should also be focused in the consideration. In addition, trainings 

are needed to be integrated from time to times to stimulate knowledge and skill 

improvement for the personnel. This includes leadership, teamwork, ergonomics, 

technologies and etc. 

 Provide flexibilities for future improvement 

While control centers activities are related to the information management, rapid 

changes of ICT are one of the key concerns in this aspect. Flexibilities in technologies 

and work functions support control centers for the future improvements and take place 

in getting rid of the old tradition barriers while new technologies are introduced. 

Therefore, control centers personnel need to be open minded and accept for the 

possible changes.  

 Act as solutions to the previous problems 

The future improvements and introduction of new technologies into control centers 

should solve the existing problems. The integrated technologies should reduce the 

operators‟ limitations, increase their capabilities in work. At the same time, the 

implemented control system should deliver a better result, reduce false/error rates and 

reduces the operation time/cost for the operations. Consequently, they should not 

become obstacles for the operation in the future. 
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 Create less pollution to the environment 

Environmental problems have been ignored and this cause the pollutions to be more 

accumulated in the environment. Now that the “Global Warming” (e.g. a dramatic 

change of CO2 in the atmosphere) aspect has been raised, the existing problems 

become more concerned by every section all around the world as their effects are 

more obviously seen. In order to reduce those environmental problems, many laws 

and regulations are today announced to control the level of pollutions in the 

environment. Moreover these concerns also create a direction for business sections to 

become „greener‟. These ideas could also be applied into the control centers concept, 

because it is one of the major functions in control systems.  
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7. Conclusions 

In the conclusion part, the final discussion from results and analysis of the research will be 

summarized. Achievements in the research are finalized in this part including the control center 

development model, which can be used as guideline for design and improvement criteria. 

 

 

 

7.1 Conclusions 

In control center design and improvement criteria, there is none of a certain strategy that can 

be applied for all businesses. Different system requires dissimilar specifications of functions 

depending on the characteristics of business operations. Therefore, an identical control 

system will be used for an individual organization, which cause the strategies for the design 

and improvement to become different based on the vision of executives. 

There are several reasons why control centers are implemented into business and industrial 

sections. However, one of the major purposes considered in most organizations is to increase 

the business and production performance as well as business profits. Nowadays, most 

business strategies are set to reduce cost, increase productivity, and improve product quality. 

Meanwhile, in the control centers design and improvement criteria, most organizations think 

of advance technologies integration, and production planning strategies. They tend to forget 

about one of the most important knowledge areas, usability and ergonomics of the system. 

The importance of ergonomics and usability are realized in most fields of business and 

industrial sections. However, those organizations lack of actual understanding for the 

knowledge implementation, which makes the investments in design and improvement 

costless to the operations. 

Very often, cost is the most significant concern in business perspectives. Whereas, in design 

criteria, consideration might be focused too much on cost reduction, and then the 

performance of the control center is decreased. While considered as ones of the most 

significant aspects in control centers, usability and ergonomics are mostly ignored for the 

purpose of cost reduction with the misleading idea from the executives that operators should 

be able to adapt themselves to fit the existing control system. In reality, instead of being 

reasons in costs increment, implementation of usability and ergonomics take parts in reducing 

the operation cost. They are also supporting factors for the system requirement optimizations, 

which prevent the business operations from investments in unnecessary and over-demanded 

technologies for functions in control centers.  

One more aspect in design criteria relates to the system‟s flexibility that is generated from 

usability and ergonomics implementation. The necessity of the mentioned issue is from the 

fact that the technologies nowadays tend to change rapidly, which the system should be 
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flexible enough for the future improvements. This will also benefits in reducing the long term 

cost. 

These are some examples of usability and ergonomics implementation that relate to 

business‟s costs. Without true understand of the knowledge implementation, there exist many 

cases that their control systems are not used effectively, and then losses, defects, failures and 

many other drawbacks are resulted instead of benefits. On the other hand, when the total 

system invested can be utilized efficiently, it will automatically improve the effectiveness of 

the business, and cost will be reduced. 

However, in order to have those suggestions approved and implementable, it is significant to 

have collaborations from personnel throughout the hierarchy of organization. This includes 

control center designers, operators, managers and executives to have the control performance 

fully driven. Learning at work is another significant concept for control centers design and 

improvement that require the contributions from the personnel as a part of the criteria. 

Without organizational knowledge improved, there will be no suggestions and requirements 

for the improvement, and hence, business operations cannot survive in the competitive world. 

Environmental problem is another concern. This relate to the viewpoints in micro and macro 

perspectives. For micro perspective, both psychological and physiological aspects should be 

taken in account so as to design operators‟ job functions, reduce loads and tensions in their 

works, lessen the operators‟ limitations, and increase the their capabilities in work. The 

pollution level control is to be considered for macro perspectives. It create better environment 

for people in the surrounding area, and create better world for humanity as a whole. 

Nevertheless, if the designs and improvements for control centers are implemented with the 

un-proper strategies, they will lead to the unsatisfied, inefficient and un-effective control 

systems. This means that more frequent improvement processes are needed to be performed. 

For the worst case, some improvements or adjustments might leads to the re-design 

requirements. Consequently, they will become the cause for cost increment for the future 

anyway. Therefore, control centers also need guidelines in design and improvement. 

Even most designers claim that the control center is perfect; it might not be agreed by the 

operators. This might be due to the lack of operators‟ qualifications in the job functions. On 

the other hand, if the operators are qualified, their working capabilities might be limited by 

some restrictions from physiological and psychological aspects, as well as their knowledge 

boundary. This might result the control operation to be un-effectively used. Instead, it could 

also be caused from the control system designers‟ lack of operational knowledge that 

prevents the operators from their performance. Therefore, the development should focus on 

both of the parameters, the control room and the operators in parallel. According to the data 

collections and analysis conducted in this research so as to illustrate the improvement concept 

for future control center, “control center development model” can be suggested as shown 

below. 
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Figure 10: A Control Center Development Model 

(Developed from literature reviews and analysis) 

This model shows the relationship and interactions between control room and its operators in 

different levels that affect to the total system performance. Therefore, the performance is 

structured from control center performance and operator‟s performance. The performances 

are created with supports from the internal and external factors that relate to the parameters. 

The internal factors are the existing characteristics that can be improved within the system, 

whereas the external factors are the stimulations and supports for the improvements. The two 

parameters‟ performance generation can be described as follows. 

Control center that let operators use effectively 

Control center should be designed and develop to support the operator works, reduce 

limitations and increase their capabilities, which are the impacts to operators‟ body and mind 

circumstances. Therefore, the related factors that increase the operators‟ performance are 

supports from both psychological and psychological factors, which affect the operators‟ 

perceptions and capabilities in work. (See topic 4.2; Human Capabilities, Limitations, and 

Performances, 4.5.1; Engineering psychology; cognitive and skill) 

Operators that use control center effectively 

In order to be qualified, operators should have sufficient knowledge and enough leadership 

level to lead the control operations to become successful. Their leadership and knowledge 

will be the factors that create control center‟s functionality and quality, which are the key 

resource to the control center‟s performance. When the functions of the control system are 

efficiency utilized, and the operations are performed qualitatively, the control center will be 

driven with high performance. (See topic 4.4; Applications of Ergonomics in Control 

Centers, 4.5; Psychological Design of Control Centers) 

In order to create the system that support the generation of Leadership and knowledge for 

operators, and the psychological and psychological supports from the control center, there are 
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two ways in the implementation. One way is the generation from the internal work flow 

system, which is the generation process from the routine work. Another way is the external 

generation processes that stimulate and change the routine of the work flow. If the system and 

the strategies are well designed, they will deliver the system that will create operation 

knowledge and development automatically. 

Generally, working in daily life affects operators to generate leadership skill and knowledge 

from their perception and capabilities. (See topic 4.6.1; Individual‟s knowledge generation 

and topic 4.5.1; Engineering psychology; cognitive and skill) Knowledge and leadership from 

operators are the main supporting factors that drive the development process and encourage 

improvement possibilities for control centers. (See topic 4.6.2; Knowledge management in 

organization) The developments from operators also increase the functionality and quality of 

the control centers. (See topic 6.5; What will Business Benefits from Usability and 

Ergonomics Improvements in Control Centers?) Therefore, the improvement process will 

also consider on the un-supporting factors in functionality and quality aspect and improve 

them by adjusting the control centers‟ physical and psychological supports to the operators. 

(See topic 4.4; Applications of Ergonomics into Control Centers) Therefore, the operators 

learn from their routine work and develop their knowledge and capabilities. (See topic 4.6; 

Theories of Learning as the Drive of Operators‟ Development) In the same time, the good 

control center should support the operators‟ learning capabilities, whereas the good operators 

should be able to deliver suitable suggestions for control center developments as well. 

Operators might be able to drive the control centers for improvements, but some ideas might 

be introduced from engineers and system designers. Although preventive plans are set, they 

are mostly based on the previous situations. Unless the problems occur, the solution would 

have never been raised. Newly built control centers would never realize in the problems. 

Operators only might not be able to deliver some improvement issues. Different perspectives 

will create the improvements in different dimensions. Improvement from external 

perspectives can be the factor that stimulates, change or adapt the control center‟s 

characteristics and functions. In addition, the improvements can be performed to develop the 

psychological and physiological factors that support the operators for their works. 

Simultaneously, the operators‟ routine work only might not be able to give enough 

knowledge to them. Trainings should be arranged from time to times to improve their 

knowledge and leadership. Moreover, it is necessary to encourage the operators to learn about 

the functions of the new technologies when there are changes to the system. This includes the 

main system and all of the supporting systems, which will allow the operators to use them 

effectively. 

This model also include time dimension to the development, which is the continuous 

improvement. The concept should be performed continuously in order to create 

organizational knowledge for control center improvements, so that its performance will be 

driven at all times. (See topic 6.5; What will Business Benefits from Usability and 

Ergonomics Improvements in Control Centers?) 

7.2 Validity of the research 

Although this research was conducted within the limited time, it achieves in collecting 

information from various sources of knowledge. For the related personnel to control center 
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design and improvement, the comments and suggestions were described from the viewpoints 

of designer and operator, who are most likely to pay the most significant roles in control 

operation. The references are based on reliable sources of information, which are mostly up 

to date. The supporting theories used to support the discussions and analyses are based on 

well-known handbooks in the related fields of knowledge. 

7.3 Possible improvements for future research 

In order to conduct the further study from this research, the gathering of information from 

perspectives of management through control center design and improvements. Besides, the 

investment criteria might also be included to support the concepts in business point of views. 

The collection might be performed by questionnaire handling and interviewing to collect 

qualitative type of information.   
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Appendix A: Interview Details and 

Questions 

Interviewer: Jatuphol Chawapatnakul 

Interviewee: Sakol Pranamornkith 

Method of interview: Face to face interview 

Place: Västerås, Sweden 

Date: May 23, 2010 

Time: 17:30 

Duration: 45.15 minutes 

 

Planned questions: 

1. What has given you inspirations in your system design works? 

2. What are the criteria in designing a control system? 

3. Could you describe your working processes? 

4. According to your comment, what are the major criteria in control centers design and 

improvement? 

5. What are the customers‟ major concerns in building a control center? 

6. How do customers perceive through ergonomics application in their control centers?  

7. How do operators perceive through ergonomics application in their control centers? 

8. What are the criteria that you use in choosing suitable technologies for control 

operation? 

9. Can you describe the significances of simulators to control center? 

10. According to your comment, what are businesses and industrial sections‟ perspectives 

through environmental issues? 

11. According to your comment, what are the operators‟ perspectives through control 

centers design and improvement? 

12. What are the factors that could affect the operators‟ performances? 
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Appendix A: Interview Details and 

Questions (Cont.) 

Unplanned questions: 

1. How could you communicate with the users of the system after the design and 

improvement process? 

2. What are the differences in your work between Thai and Swedish companies? 

3. How can you design a system that supports the shift-work type of control operation? 

4. According to your comment, what is the most effective way of using alarm system? 
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Appendix B: Questionnaire 

Section 1: General information 

Please check  in to the given box according to your information. 

1. Gender:  

   Male   Female 

2. Age: 

   25 years old or younger   26 to 35 years old   36 to 45 years old   46 to 55 years old 

   56 years old or older 

3. Education: 

   High school   Bachelor   Master   Doctoral 

4. Your organization’s operational characteristics: 

   Industrial/Manufacturing    Public Utilities Government sectors Others, describe …….. 

5. Position:  

   Plant operator/worker   Control room operator Design/Maintenance Management   

   Administration     Executive 

6. Work experience in the current position: 

   Less than 1 year   From 1 up to 2 years   From 2 up to 5 years   5 years or more 

7. Average working time per week: 

   Less than 20 hrs/week   20 hrs/week (half time)   From 20 to 39 hrs/week   40 hrs/week (full time) 

   More than 40 hrs/week    Other, describe ……..…… 

8. Your work shift (can choose more than one): 

   Morning   Afternoon   Evening   Night 

 

 

---------- End section 1 ---------- 

 

Section 2: Your current working situation 

Please check  into the given box according to your agreement. 

 1 = strongly disagree 2 = disagree 3 = neutral 4 = agree 5 = strongly agree 

 1. QUALITY OF WORKING LIFE 1 2 3 4 5 

1 You have health concern in daily life.      

2 You enjoy with your work.      

3 You feel stress from your work.      

4 You do exercises as one of your routine.      

5 You feel fresh before daily work in each day.      

6 You feel fresh after work in each day.      
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Appendix B: Questionnaire (cont.) 

 2. JOB FUNCTION 1 2 3 4 5 

1 You understand the controlled system that you are controlling.      

2 You feel challenge with your work.      

3 You are satisfied with your working time.      

4 You have too many responsibilities in work.      

5 Your work has you to stay in the same place for a long time.      

6 Your work requires you to maintain the same position for a long time.      

7 You have support from the other divisions within your organization when you need.      

8 You have problem in communications between departments.      

9. You have enough rest between shifts.      

 
 3. ERGONOMICS IN WORK 1 2 3 4 5 

1 You feel that your work cause health problem for you.      

2 You can observe the situations through the monitoring display clearly.      

3 You sometimes have eyes problem while monitoring through display.      

4 You understand the functions of the current monitoring system.      

5 You understand functions of your working devices and equipments.      

6 The furniture and devices in your workplace support the comfort of your body.      

7 The furniture and devices in your workplace are the obstacles in your work sometimes.      

8 The furniture and devices in your workplace relevant to your mistake in work sometimes.      

9 You can use the current controlling system efficiently.      

10 You have risk in having accidents from your workplace.      

 
 4. FUNCTION EFFICIENCY OF THE CURRENT SYSTEM 1 2 3 4 5 

1 The monitoring system can display status of the whole system.      

2 The furniture and devices in your workplace support you in handling with abnormal situations.       

3 You recognize all of the alarms that report abnormal situations.      

4 You understand how to response with all abnormal situations in your work.      

5 The current error handling system can handle every kind of situations that might occur.      

6 You feel too excite when abnormal situations occur.      

7 The technology of the current controlling system is advance enough for your work.      

 
 5. LEARNING AND SELF-DEVELOPMENT 1 2 3 4 5 

1 Your beginning knowledge has been enough for your work.      

2 You learn and develop yourself during your work.      

3 You can be a part of the controlling system development.      

4 You can be a part of your organization‟s operation development.      

5 You have supports and opportunities from your organization for self-development.      

 
 6. MACRO PERSPECTIVES IN WORK ENVIRONMENT 1 2 3 4 5 

1 Environmental problems are significant aspect that should be solved and take care of.      

2 Your work causes air pollution to the environment.      

3 Your work causes water pollution to the environment      

4 Your work might contribute to a better control of environmental pollution.       

5 Quality control in your work is related environmental pollution.      
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Appendix B: Questionnaire (cont.) 

Section 3: Your current working situation 

Please fill in to the given box according to your information. 

1. What type of work have you done today? 

 

____________________________________________________________________________________________________ 

 

2. You feel fresh before you work. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

 

3. You feel fresh after you work. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

 

4. Was there any working situation within this week that makes you feel tired? Please specify. 

 

____________________________________________________________________________________________________ 

 

5. You feel stress after the situation passed. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

 

6. According to your comment, will the situation occur again within this week?   Yes   No   Do not know 

 

7. Was there any error or false occurred this week? Please specify. 

 

____________________________________________________________________________________________________ 

 

8. Was the error or false been solved by the system properly?   Yes   No   Do not know 

 

9. You feel stress after the error or false were solved. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

 

10. According to your comment, will the situation occur again within this week?   Yes   No   Do not know 

  



Operators’ Usability Support for Improving Working Efficiency in Control Centers  | 65 

The environmental concern perspectives 

 

Master’s Thesis: Product and Process Development – Production and Logistics 

Department of Innovation Design and Engineering, Mälardalen University, Eskilstuna, Sweden 

Appendix C: Questionnaire Results 

Section 1: General information 

1. Gender:  

16  Male 5  Female 

2. Age: 

 1  25 years old or younger 9  26 to 35 years old 8  36 to 45 years old 3  46 to 55 years old 

 0  56 years old or older 

3. Education: 

 8  High school 8  Bachelor 5  Master 0  Doctoral 

4. Your organization’s operational characteristics: 

 0  Industrial/Manufacturing  13  Public Utilities 0  Government sectors 8  Other, Telecom 

5. Position:  

 0  Plant operator/worker 19  Control room operator 0  Design/Maintenance 2  Management  

 0  Administration 0  Executive 

6. Work experience in the current position: 

 0  Less than 1 year 7  From 1 up to 2 years 3  From 2 up to 5 years 11  5 years or more 

7. Average working time per week: 

 0  Less than 20 hrs/week 0  20 hrs/week, half time 4  From 20 to 39 hrs/week 13  40 hrs/week,full time 

 3  More than 40 hrs/week  1  Other, Shift working 

8. Your work shift (can choose more than one): 

 21  Morning 12  Afternoon 17  Evening 17  Night 

 

Section 2: Your current working situation 

 1 = strongly disagree 2 = disagree 3 = neutral 4 = agree 5 = strongly agree 

 1. QUALITY OF WORKING LIFE 1 2 3 4 5 

1 You have health concern in daily life. 1 1 4 4 11 

2 You enjoy with your work. 1 0 3 12 5 

3 You feel stress from your work. 1 3 12 3 2 

4 You do exercises as one of your routine. 0 5 8 5 3 

5 You feel fresh before daily work in each day. 1 4 9 6 1 

6 You feel fresh after work in each day. 3 5 11 1 1 

       

 2. JOB FUNCTION 1 2 3 4 5 

1 You understand the controlled system that you are controlling. 0 1 4 10 6 

2 You feel challenge with your work. 1 1 4 8 7 

3 You are satisfied with your working time. 1 0 5 9 6 

4 You have too many responsibilities in work. 1 3 8 6 3 

5 Your work has you to stay in the same place for a long time. 0 3 5 5 8 

6 Your work requires you to maintain the same position for a long time. 0 2 9 4 6 

7 You have support from the other divisions within your organization when you need. 1 4 5 9 2 

8 You have problem in communications between departments. 3 4 12 2 0 

9. You have enough rest between shifts. 1 1 10 6 3 
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Appendix C: Questionnaire Results 

(cont.) 
 

 3. ERGONOMICS IN WORK 1 2 3 4 5 

1 You feel that your work cause health problem for you. 1 4 8 7 1 

2 You can observe the situations through the monitoring display clearly. 1 3 7 8 2 

3 You sometimes have eyes problem while monitoring through display. 1 3 13 3 1 

4 You understand the functions of the current monitoring system. 0 1 8 10 2 

5 You understand functions of your working devices and equipments. 0 1 8 7 5 

6 The furniture and devices in your workplace support the comfort of your body. 3 2 6 8 2 

7 The furniture and devices in your workplace are the obstacles in your work sometimes. 1 7 10 2 1 

8 The furniture and devices in your workplace relevant to your mistake in work sometimes. 2 6 10 3 0 

9 You can use the current controlling system efficiently. 0 3 10 6 2 

10 You have risk in having accidents from your workplace. 8 9 4 0 0 

 
 4. FUNCTION EFFICIENCY OF THE CURRENT SYSTEM 1 2 3 4 5 

1 The monitoring system can display status of the whole system. 3 3 11 4 0 

2 The furniture and devices in your workplace support you in handling with abnormal situations.  2 4 13 2 0 

3 You recognize all of the alarms that report abnormal situations. 3 1 14 2 1 

4 You understand how to response with all abnormal situations in your work. 2 2 9 6 2 

5 The current error handling system can handle every kind of situations that might occur. 1 5 12 3 0 

6 You feel too excite when abnormal situations occur. 3 3 13 2 0 

7 The technology of the current controlling system is advance enough for your work. 2 4 10 4 1 

 
 5. LEARNING AND SELF-DEVELOPMENT 1 2 3 4 5 

1 Your beginning knowledge has been enough for your work. 1 2 5 9 4 

2 You learn and develop yourself during your work. 0 1 5 11 4 

3 You can be a part of the controlling system development. 1 4 10 5 1 

4 You can be a part of your organization‟s operation development. 0 4 11 4 2 

5 You have supports and opportunities from your organization for self development. 2 4 9 4 2 

 
 6. MACRO PERSPECTIVES IN WORK ENVIRONMENT 1 2 3 4 5 

1 Environmental problems are significant aspect that should be solved and take care of. 0 3 5 8 5 

2 Your work causes air pollution to the environment. 12 7 2 0 0 

3 Your work causes water pollution to the environment 15 4 2 0 0 

4 Your work might contribute to a better control of environmental pollution.  7 5 7 0 2 

5 Quality control in your work is related environmental pollution. 5 6 6 4 0 
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Appendix C: Questionnaire Results 

(cont.) 

Section 3: Your current working situation 

1. What type of work have you done today? 

Overall command & control works 

 

2. You feel fresh before you work. 

0%  0 10%  0 20% 30%  3 40%  0 50%  1 60%  3 70%  3 80%  9 90%  1 100%  1 

 

3. You feel fresh after you work. 

0%  0 10%  0 20%  1 30%  3 40% 50% 10 60%  3 70%  1 80%  2 90%  1 100% 

 

4. Was there any working situation within this week that makes you feel tired? Please specify. 

1. 1 operator claimed that their starting work time is too early 

2. 1 operator has problem with uncontrolled and unplanned situation 

3. 3 operators have problem with bad information management system 

4. 1 operator has problem with system security 

 

5. You feel stress after the situation passed. 

0%  6 10%  1 20%  3 30%  2 40%  2 50%  5 60%  0 70%  1 80%  0 90%  0 100%  0 

 

6. According to your comment, will the situation occur again within this week? 3  Yes 4  No 11  Do not know 

 

7. Was there any error or false occurred this week? Please specify. 

3 operators have problems with false and errors from information management system. 

 

8. Was the error or false been solved by the system properly? 1  Yes 1  No 1  Do not know 

 

9. You feel stress after the error or false were solved. 

0%  4 10%  2 20%  2 30%  1 40%  0 50%  2 60%  0 70%  2 80%  0 90%  0 100%  0 

 

10. According to your comment, will the situation occur again within this week? 2  Yes 1  No 0  Do not know 

 


