
UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

MECHANICAL ENGINEERING, ENERGY SYSTEMS AND SUSTAINABLE DEVELOPMENT – Vol. I – Industrial And 
Manufacturing Engineering - Berman Cilingir Kayis 

©Encyclopedia of Life Support Systems (EOLSS) 

INDUSTRIAL AND MANUFACTURING ENGINEERING 
 
Berman Cilingir Kayis 
The School of Mechanical and Manufacturing Engineering, University of New South 
Wales, Sydney, Australia 
 
Keywords: Industrial Engineering, Manufacturing Engineering, Ergonomics, 
Production, Distribution, Management. 
 
Contents 
 
1. Introduction 
2. Background 
3. System-Wide Approach 
4. Fundamentals of Industrial and Manufacturing Engineering 
5. Definitions and Key Concepts 
6. Management of Operations 
7. System Models for Management of Manufacturing Operations 
8. Human Factors and Ergonomics in Industrial Engineering 
9. Production and Distribution Systems 
10. Manufacturing 
11. Management in Industrial and Manufacturing Engineering 
12. Quality: a Management Philosophy 
13. New Engineering Processes for the Twenty-First Century 
14. Conclusion 
Acknowledgements 
Glossary 
Bibliography 
Biographical Sketch 
 
Summary 
 
The following sections describe the needs and expectations of manufacturing service 
industry and the engineering and management challenges for industrial and 
manufacturing engineers. There follows a description of the fundamentals of industrial 
and manufacturing engineering, new engineering and management approaches to the 
design of manufacturing/service systems. 
 
1. Introduction 
 
Industrial and Manufacturing Engineering is a profession that can help any 
manufacturing service or government organization become competitive by being aware 
of the needs and expectations of global economy, quality and flexibility-minded internal 
and external customers, partners, and aware citizens. 
 
The purpose of this theme is to describe Industrial and Manufacturing Engineering, its 
dynamic history and potential future. The rapid development of technologies in the last 
100 years contributed a vast amount to the engineering profession. “Lack of efficiency 
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and productivity,” being the primary bottleneck, was tackled first, followed by dealing 
with “lack of integration” of the elements and factoring them into an effective total 
system. 
 
Industrial and Manufacturing Engineering first emerged as a profession as early as the 
1920s to meet the growing need for systems integration in all types of organizations, 
although it was recognized as critical in 1960s. 
 
In 1989, the Institute of Industrial Engineers prepared the following definition to reflect 
what the profession would be in 2000: 
 
Industrial Engineering will be recognized as the leading profession whose practitioners 
plan, design, implement and manage integrated production and service delivery systems 
that assure performance, reliability, maintainability, schedule adherence and cost control. 
These systems may be sociotechnical in nature, and will integrate people, information, 
material, equipment, processes, and energy throughout the life-cycle of the product, 
service or program. 
 
 The profession will adapt as its goals profitability, effectiveness, efficiency, 
adaptability, responsiveness, quality and the continuous improvement of products and 
services throughout their life-cycles. The humanities and social sciences, including 
economics, computer sciences, basic sciences, management sciences, highly developed 
communications skills along with physical, mathematical, statistical, organizational, and 
ethical concepts will be used to achieve these ends. 

(Nadler, 1992) 
 

The key ingredients that make industrial and manufacturing engineers unique in the 
above definition concern the human and organizational perspectives as bodies of 
knowledge to be used in developing the desired systems. 
 
There are three ways in which industrial and manufacturing engineers deal with human 
and organizational perspectives. The first concerns the systems that result from planning 
and design. The interfacing of people with machines, where the design of the total 
system must include not only the physical elements of the machines but also the vital 
human links of behavioral stress-strain, load carrying, energy expenditure, and 
motivational responses, is what differentiates industrial and manufacturing engineers 
from the other engineering disciplines. 
 
The second aspect concerns the operation of the system when it is installed. Internal and 
external customers of the system will have an impact on its operations. 
 
The third is probably the most important. It concerns both the people who take part in 
developing the specifications of a system and those who deal with system operations. So 
the main role of industrial and manufacturing engineers is effectively bringing together 
the necessary people, organizations, and resources for developing the system 
specifications and operating arrangements to increase significantly the likelihood that 
the most effective recommendations will be adopted and implemented (Nadler, 1992). 
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Thus, Industrial and Manufacturing Engineering is a broad professional discipline 
concerned with designing effective systems and developing robust processes with the 
purpose of integrating people, technology, information, and material resources for 
improved overall effectiveness. It is a systems integrator: a big picture thinker in other 
words. 
 
Therefore, the areas of responsibility of Industrial and Manufacturing Engineering are 
very diverse. One of these is to achieve the optimal balance of all assets in the supply 
chain or business system. Assets include people, materials, buildings, equipment, time, 
information, and technology. This balance could be as narrowly focused as developing a 
work method on the plant floor, or as broad as developing a manufacturing and 
distribution strategy for an entire company. Industrial and manufacturing engineers 
must understand the choices available, and the inherent trade-offs, as they strive to 
optimize the system rather than maximize any single component. Industrial and 
Manufacturing Engineering brings an expertise that provides a system perspective and 
skills that allow us to identify and measure system dynamics. Once we have designed a 
balanced system, the next responsibility is to make sure that the assets are efficiently 
used. We all live in a changing environment and must be able to accommodate change 
effectively—new products, technology, volume swings, changes in management 
philosophies, tools—and continually improve all work processes so that we are 
maintaining highly efficient, flexible and cost effective operations. 
 
2. Background 
 
Industrial and Manufacturing Engineering has gone through five phases that will be 
covered briefly now and in depth in the topic and article contributions. 
 
The first focused mainly on achieving productivity improvements in terms of efficiency 
in manufacturing plant operations. People were needed to co-ordinate the products, 
equipment, and processes developed by mechanical, electrical, and chemical engineers. 
The lack of “people” orientation or knowledge of human performance capabilities 
among engineers stimulated the work of the pioneers of industrial and manufacturing 
engineering, even though their perspective inclined them to treat people like 
“machines.” The tools and techniques developed were gathered under the term 
“scientific management.” F. W. Taylor (1856–1915) was one of the first to investigate 
human performance and organization in work. His question was: “What is a fair day’s 
work for a fair day’s pay?” 
 
Focusing on efficiency and productivity, Taylor made dramatic increases to the amount 
of work a worker would perform in a day. He achieved this by analyzing and improving 
work methods and evaluating improvements by time studies. 
 
The results of scientific management were that: 
 
• Emphasis was placed on planning and controlling. 
• The number of white-collar workers increased sharply, leading to a management 

hierarchy. 
• The focus on production lines caused workers to become de-skilled and greatly 
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narrowed their job functions. 
• Increases in efficiency led both to worker resistance to being treated as machines, 

and to redundancies. 
 
Taylor’s scientific management tended to dehumanize workers but nonetheless 
established the profession because it offered much greater productivity than alternative 
methods. In due course Gantt, Frank, and Lillian Gilbreth further developed Taylor’s 
ideas and made some progress towards making them more socially acceptable. The 
principles of scientific management were implemented in automobile manufacturing, 
reducing the assembly time of the Ford Model T: from 728 hours to ninety minutes! The 
rapid assembly rate allowed the Model T to be produced in high volumes, giving birth 
to the name “mass production.” The human relations movement of the 1930s, led by 
Elton Mayo and the Hawthorne studies, introduced the idea that worker motivation, as 
well as the technical aspects of work, affected productivity. The primary contributors 
were H. Fayol, L. Urwick, M. Weber, and C. Barnard, who developed the 
administrative management approach (Nadler, 1992). 
 
Both scientific management and administrative management approaches are considered 
to be part of the “classical management” perspective, which laid the foundation for later 
developments in management philosophies that industrial and manufacturing engineers 
have applied. 
 
Behavioral management and human relations approaches evolved in the second phase of 
development, and provided important insights into motivation, group dynamics, and 
other interpersonal processes in organizations. Prominent contributors to this movement 
were E. Mayo, A. Maslow and D. McGregor. In 1943, Maslow advanced a theory 
suggesting that people are motivated by a hierarchy of needs, including monetary 
incentives and social acceptance (Keats and Hitti, 1988). Meanwhile, McGregor’s 
Theory X and Theory Y model best represents the essence of the human relations 
approach. Theory X takes a relatively negative view of workers and is consistent with 
the views of scientific management. Theory Y is more positive, and is a more 
appropriate philosophy for managers to adhere to. The primary contribution of 
behavioral management relates to ways in which this approach has changed managerial 
thinking (Miller, 1987). 
 
The third phase, which started in the early thirties but did not develop fully until the 
Second World War, lasted until the mid-1980s. This phase, known variously as the 
quantitative management approach or management science, extended the efficiency 
concept with mathematical, statistical, and computational tools. Sophisticated 
quantitative techniques were developed to assist in decision-making, and application of 
models increased the awareness and understanding of complex organizational processes 
and situations. These tools, in conjunction with the qualitative ones from the first phase, 
diversified the activities of industrial and manufacturing engineers into numerous areas 
outside manufacturing: education, hospitals, offices, transportation, distribution, 
military logistics, and government, among others. However, the quantitative 
management approach suffers from a number of limitations: 
 
•  It cannot fully explain or predict the behavior of people in organizations. 
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•  Mathematical sophistication may come at the expense of other important skills. 
•  Models may require unrealistic or unfounded assumptions. 
 
This third phase effected a transition from efficiency to effectiveness and quality, from 
relatively small systems to large or macro systems, from analysis and modeling to 
integration of all the elements of a system. Thus, systems integration is the hallmark of 
modern industrial and manufacturing engineering. 
 
The fourth phase was the quality revolution. Both manufacturing and service 
manufacturers realized that a business organization must produce goods and services 
that meet its customers’ needs. Quality rapidly became the crucial factor in a customer’s 
choice of products and service. Several pioneers such as Deming (1986), Juran (1991), 
Feigenbaum (1991), Crosby (1979), and Taguchi (1986) discussed the concept of 
quality from three viewpoints: the customer, the producer, and society 
 
Continuous improvement, minimization of variance, and focus on the process (Kaizen) 
itself rather than on the output or results of the process were emphasized in detail. 
Several manufacturing concepts emerged as a result. These include just-in-time 
processes, agile manufacturing, total quality management, concurrent engineering, 
cellular manufacturing, business process re-engineering, design for 
assembly/disassembly, and lean manufacturing, to name but a few (Kayis, 1997). 
Today’s consumer market is characterized by product proliferation, shorter product life-
cycles, shortened development times, changes in technology, more customized products, 
and segmented markets. The just-in-time (JIT) concept changed the rules of 
manufacturing from mass production to lean production (Monden, 1992). The basic 
principle of JIT is the total elimination of waste in all its forms. This concerns reserve 
stocks of raw materials, work in progress and finished goods, excess capacity, returned 
items, unnecessary operations, poor design, over production, and excessive waiting, 
among other matters. Thus, JIT is a production strategy for continuous improvement 
built around two fundamental ideas; the total elimination of waste and an emphasis on a 
high-quality workforce to achieve “quality at the source.” Quality at the source is 
produced by the person on the shop floor who adds value to the product. Thus, lean 
production considers value adding processes designed to flourish while consuming less 
space, less inventory, fewer people, less investment and ever-decreasing waste in 
general. The essence of industrial and manufacturing engineering is to achieve and 
maintain highly efficient, flexible, and cost effective operations, as defined in the first 
chapters of this theme, which in fact emphasizes that all operational systems are 
concerned with transformations of inputs to outputs which add value (Hines et al., 2000). 
Paying attention to what the customer says is one of the most important factors in 
providing value. Manufacturers cannot provide value unless they are very clear about 
how the customer perceives value when a product is purchased, and equally importantly, 
in the service which accompanies it. 
 
Efficient value adding stems from two main areas: the design of the product itself, and 
the design of processes and support activities that are required to manufacture it. 
 
In the past, manufacturers tended to emphasize the design of the product, and so 
emphasized the importance of innovative design aimed at demonstrating excellence to 
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the customer. This resulted in less efficient value adding processes. The direct value 
adding process of physical production can often be made much more efficient if the 
product is designed in the first place with a view not only to satisfying the customer, but 
also for ease of manufacturing. In view of the trends in competitive strategy towards the 
provision of greater product variety, and the advent of time based competition, the time 
to market of new products (measured from the point of product conception to the point 
when the first models are shipped to the customer) is becoming an increasingly 
important measure of performance. Product lead times need to be dramatically reduced, 
not only for standard products for which the design and production specifications 
already exist, but also for tailor-made products where many companies are having to 
reduce their design and product engineering cycle times from several months to a matter 
of weeks or even days and hours if they are to remain competitive. 
 
Usually 80 or 90 percent of the time to market is taken up by the design phase. However, 
a disproportionate amount of value adding effort tends to be concentrated on improving 
the efficiency of the manufacturing phase of a product that has a predetermined design; 
relatively little effort is put into the design itself, though this will in fact usually have a 
dominant influence on the final product cost. 
 
The terms concurrent engineering or simultaneous engineering describe a new approach 
to product design that involves the active participation and input of all interested 
parties—manufacturing, design, purchasing, finance, suppliers, and customers—in the 
design process. These parties, using a common database, share information and ideas 
wherever necessary to reduce territorialism and focus their energies on the common 
goal of developing timely and cost effective designs that are easy to produce and that 
meet the customers’ needs. Effective implementation of a concurrent engineering 
approach can allow the supply of greatly increased product variety or products designed 
specifically to suit individual customers (mass customization) at little or no more cost 
than mass production. The term agile manufacturing has been coined to describe this 
scenario (Profozich, 1998). 
 
Thus, concurrent engineering has been a key concept of the fourth phase, aiming to 
achieve: 
 
• Concurrence: simultaneous development of both new product and process design. 
• Integration: ensuring that all the organizational elements associated with the product 

life-cycle—management, marketing, design, manufacturing engineering, quality 
control, production planning and scheduling, and so on—are fully integrated with 
and actually participate in the product development process (Kaebernick, 2001). 

 
The most important aspect of concurrent engineering is the formation of such multi-
disciplinary product development teams. However, this is also often the biggest obstacle 
to its effective implementation. The formation of such teams, composed of people who 
may have very different views of product development, requires major cultural change 
within the organization and the breaking down of organizational and cross-cultural 
barriers and traditions that in the past may have been very strong. So, although 
concurrent engineering carries the word “engineering” in its title, it is not an 
engineering or technology discipline. It is truly an organizational, human resources, and 
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communications discipline which is essential to improve boundaries, structures, 
relationships and processes. 

(US Society of Manufacturing Engineers, 1992) 
 

The emphasis on quality and the strategic importance of operations is especially 
important today as continuing advances in information technology have further 
increased competition and customer expectations of new products (Traver, 1995).  
 
New products enhance an organization’s image, motivate employees, and help a firm to 
grow and prosper. Product design and development, however, can be long and tedious, 
especially with a serial design process. Concurrent engineering combines product and 
process decisions, utilizes design teams and design for manufacture and assembly 
(DFM/DFA) concepts, and calls for changes. Methods of improving the quality of 
design include monitoring long-term design quality, quality function deployment, and 
Taguchi methods for robust design. Technology in the form of computer integrated 
design (CAD), computer aided engineering (CAE), computer aided manufacturing 
(CAM), and CAD/CAM allows better quality products to be designed, revised, tested, 
and produced at much faster pace using appropriate process planning tools (Hoang, 
2000; Groover, 1991; Foston, 1991). 
 
Computer numerical controlled (CNC) machines, direct numerical control (DNC) 
machines, flexible manufacturing system (FMS), robots and automated material 
handling systems are part of the collection of technologies referred to as computer aided 
manufacturing (CAM). The integration of these and other technologies is called 
computer integrated manufacturing (CIM). 
 
The role of CIM in Industrial and Manufacturing Engineering is very important since it 
is a strategy for organizing and controlling the organization rather than specific 
technology that can be purchased. CIM develops linkages between people, machines, 
databases, and decisions. Each CIM component represents a different type of linkage. 
CAD can physically link different design components together to create new or 
modified designs and communicate electronically to other systems. Group technology 
(GT) classifies existing designs so that new designs can incorporate the expertise of 
earlier ones. CAE links the functional design of the product to the CAD generated form 
design. Computer aided process planning (CAPP) converts design specifications from 
CAD into instructions for manufacture for CAM. CAD/CAM describes the direct 
physical link between design and manufacturing. Within the manufacturing function, 
CAM technologies facilitate remote control and integration of operations. 
 
The CIM environment was made possible by the development of shared databases, 
standards, and networking within the manufacturing function. For example, the 
manufacturing automation protocol (MAP), and technical and office protocol (TOP) set 
standards for communication between work places/departments for manufacturing and 
office environments. Initial graphics exchange specification (IGES) translates graphics 
data between different CAD systems. Standards for the exchange of product model data 
(STEP) can represent all critical product specifications, such as shape, material, 
tolerances, behavior, function, and structure, and consider the entire product life-cycle, 
from development to manufacture, through use and disposal by specifying process 
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sequences for specific production systems (Russel and Taylor, 2000). 
 
In the process of manufacturing a product, materials need to be ordered, workers 
scheduled, demand forecast, customer orders received and entered into the 
manufacturing system, production planned, progress reports issued, costs and quality 
documented, and customers billed. Computerized manufacturing control systems 
developed to collect, store, and display this information are an integral part of CIM. 
Manufacturing resource planning (MRPII) and enterprise resource planning (ERP) are 
examples of such systems. 
 
Just-in-time processes and total quality management (TQM) systems require the 
collection, sharing, and exchange of information as well (Foster, 2001; Besterfield et al., 
1999). 
 
Process planning is concerned with connecting product designs into workable 
instructions for manufacture. Process planning on a broader scale involves decisions 
such as process selection, equipment purchase, and whether to outsource components or 
services. Process analysis drives the continuous improvement of operations, and process 
re-engineering may lead manufacturers to breakthrough improvements. Technology and 
information advances are very rapidly introducing changes to manufacturing and service 
organizations. Decision support systems (DSS), management information systems 
(MIS), expert systems, and artificial intelligence (AI) help managers make decisions 
based on data, knowledge, and experience. The Internet, intranets, and extranets 
increase the speed and nature of communication. 
 
The fifth phase of development has centered upon globalization and flexibility. 
Technology and increased information channels, together with changing political and 
economic conditions, have prompted an era of industrial globalization in which 
companies compete worldwide for both market access and production resources. 
Although both products and services are becoming more customized in wider global 
markets, services, in many cases, are the key to competitiveness. International 
competition for goods and services has gone far beyond national boundaries. The 
impact of the changing world on the management of manufacturing operations is 
immense. Three main issues need to be addressed in order to cope with the global 
market. The first is to understand the changes in international markets and their effect 
on the manufacturing operations now and in the future. The second is the range of 
global challenges that businesses face, and the need to prepare to meet these challenges. 
The third issue is how to prepare qualified individuals who can understand and deal 
with the changes taking place in the global market. The development of the international 
arena has thus created many challenges for business managers. Companies have to deal 
with a variety of economic, political, and cultural conditions, along with the different 
laws and attitudes toward business, in a way that will allow them to retain their 
competitive advantages in the international market. 
 
Adapting to the globalization of the world economy and to the related shift from 
domestic to global business requires adopting new strategies as well as new managerial 
skills and philosophies (Alkhafagi, 1995). 
 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

MECHANICAL ENGINEERING, ENERGY SYSTEMS AND SUSTAINABLE DEVELOPMENT – Vol. I – Industrial And 
Manufacturing Engineering - Berman Cilingir Kayis 

©Encyclopedia of Life Support Systems (EOLSS) 

An analysis of evolving manufacturing strategies (Ferdows et al., 1985) revealed that 
the new competitive edge is the one which combines flexibility with low cost 
manufacture: “low cost flexible manufacturing.” The 1970s was the decade of 
productivity, the 1980s of total quality management, and from the 1990s onwards, the 
key has been flexibility. Flexibility involves restructuring, re-engineering, reinventing, 
and simply developing methods to make a company flexible enough to respond to the 
ever-increasing and faster-changing needs of the customers from industrial and 
manufacturing engineering point of view; it means the ability to meet the needs of the 
markets without too much cost, time, effort, performance, or organizational disruption. 
It involves making small changes in operations to meet needs that originate from the 
customers. As market competition heats up, customers demand customized products, 
and this calls for quick design change, broader and changing product lines, fluctuating 
order sizes, multiple quality levels, quick delivery response, and a variety of price levels. 
Organizations can make use of a large variety of flexibilities: layout flexibility, 
process/technology flexibility, development flexibility, routing flexibility, and so on to 
enhance the capability of manufacturing processes (Kara and Kayis, 2002; Thomke and 
Reinertsen, 2000). 
 
The variety of customer demands is the primary reason for the focus on flexibility. A 
focus on people, structures, and information that are the major constituents of 
organizations is essential to achieve flexibility. Humans are the most flexible resource 
due to their special attributes of social motivation and emotional needs, as well as their 
ability to learn, feel, and adapt. All complex tasks must be performed by humans. 
People provide flexibility through their alertness and analyzing capabilities. Humans 
can greatly add to flexibility if they are cross-trained, trained, skilled, creative, and 
motivated. 
 
Organizational design can also be used effectively to promote flexibility. To be 
successful, the structure must be molded to meet on-going problems. Team-based 
designs have been proven to enhance flexibility. Organizations are constantly engaged 
in varied, non-repetitive, and challenging tasks that require discretion, evaluation, and 
judgment. In the course of time, their responsiveness to vendors, customers, suppliers, 
distributors, and others improves. In addition, flexibility requires not only that 
relationships between an organization and its external stakeholders (financial 
institutions, distribution networks, markets, and shareholders) are simplified, but also 
that its policies and procedures are made transparent and communicated to all concerned. 
In this way, new business opportunities and ways to utilize shared resources are made 
possible. It was for such reasons that, towards the end of the 1990s, organizations 
searched for even further competencies, working with broad networks of suppliers and 
distributors in the process known as supply-chain management. Over time, “extended 
enterprises” consisting of central firms supported by global networks of suppliers were 
formed, where partners are both collaborators and competitors for value. 
 
The current emphasis on customer value goes a step further, to establish the reasons a 
customer chooses one company’s product over another’s and look at the entire range of 
product, services, and intangibles that constitute the company’s product and image. The 
more knowledgeable and skilled companies become, with their willingness to learn and 
experiment their ability to engage in an active dialogue, the more they will help create 
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enhanced networks where the customer is both collaborator and competitor for value. 
 
Information resources can provide great support in achieving flexibility. Fast data 
collection, storage, and analysis of information help companies arrive at faster decisions 
and quicker action. To achieve greater flexibility through information, organizations 
must eliminate redundant data and minimize the total number of interface points within 
the company’s information system (Aggarwal, 1997). 
 
Table 1 summarizes some of the historical events/concepts mentioned in the phases of 
purpose of Industrial and Manufacturing Engineering. 
 

Phase Events/concepts Dates Originator 
1. Scientific management Productivity and efficiency 1910 F. W. Taylor 
 Time and motion studies 1911 F. & L. 

Gilbreth 
 Activity scheduling chart 1912 H. Gantt 
 Moving assembly line 1913 H. Ford 
 Systematic practice 

management 
1920 H. Fayol, M. 

Weber, 
C. Barnard 

2. Human relations and 
behavioural management 

Hawthorne studies 1930 E. Mayo 

 Motivation studies 1940s A. Maslow 
  1950s F. Herzberg 
  1960s D. McGregor 
3. Management science Linear programming 1947 G. Dantzig 

 
 Simulation, waiting line 

theory, 
1950s Operations 

research 
groups 

 Decision theory   
 Project evaluation review   
 technique (PERT)   
 Critical path method (PM)   
 Material requirement 

planning (MRP) 
 J. Orlicky 

  1960s  
4. Quality revolution and 
information age 

Just-in-time (JIT) 1970s T. Ohno 

 Total quality management 
(TQM) 
 

1980s E. Deming 

 Lean manufacturing  J. Duran 
   A. Feigenbaum
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 Strategy and operations  W. Skinner 
    
 Computer integrated 

manufacturing (CIM), PCs 
1980s R. Hayes 

Numerous 
individuals and 
companies 

    
 Business process re-

engineering, Internet, 
World Wide Web 

1990s M. Hammer, J. 
Champy, 
T. Berners-Lee 

5. Globalization and 
flexibility 

Worldwide markets and 
operations 
Supply chain management 
Electronic commerce 
Mass customisation 
Flexibility 
Enhanced networks 

1990s 
 
 
 
 
 
2000 

Numerous 
companies and 
nations 
 

 
Table 1. Some historical events/concepts 

 
The sciences that are relevant to Industrial and Manufacturing Engineering are diverse, 
as noted in the definition of the subject in the year 2000, and tend to be less quantitative 
than those supporting other engineering branches. The social sciences, to which industry 
and manufacturing look for information about the behavior of the human elements of 
their systems, are still not sufficiently developed to support an engineering discipline in 
a scientific sense. Some relevant mathematical areas—discrete mathematics and the 
mathematics of uncertainty—are still not well developed, although significant advances 
have been made in the last thirty years. Statistics are close to being fairly well 
developed as one of the bases of Industrial and Manufacturing Engineering. The 
emergence of a “science of operations” and a “science of management” have been very 
promising. It appears likely that different types of management and operating systems 
can be identified, defined, and described. These system types seem to exist 
independently of the era of application. They can be studied in general terms to 
determine their fundamental properties, which can then be used to understand and 
design new and more complex systems. 
 
It is this last notion, the concept of sciences of operations and management and the 
ability to apply them to any type of operating system that has enabled Industrial and 
Manufacturing Engineering to expand its horizons and opportunities for practitioners 
almost limitlessly. The systems to which the sciences are being applied and from which 
practitioners have diversified from manufacturing alone have been impressive. 
 
Thus, Industrial and Manufacturing Engineering helps us develop new or modified 
systems that capture the whole scenario of needs for a specific organization. These 
could be inventory systems in a manufacturing company, a hospital, a bank, a 
department store, an educational institution, an airline or a retail store. Similarly, quality 
monitoring, scheduling, personnel evaluation and staffing, production and other key 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

MECHANICAL ENGINEERING, ENERGY SYSTEMS AND SUSTAINABLE DEVELOPMENT – Vol. I – Industrial And 
Manufacturing Engineering - Berman Cilingir Kayis 

©Encyclopedia of Life Support Systems (EOLSS) 

dimensions of operating systems can be integrated, modeled, evaluated, and synthesized 
by industrial and manufacturing engineers (Nadler, 1992). 
 
Business competition used to be a lot like a traditional theatre: on stage, the actors had 
clearly defined roles, and the customers paid for their tickets, sat back, and watched 
passively. In business, companies, distributors, and suppliers understood and adhered to 
their well-defined roles in a corporate relationship. Now the scene has changed, and 
business competition seems more like experimental theatre; everyone and anyone can 
be part of the action. The shift away from formal, defined roles is already occurring in 
business-to-business relationships. Major business discontinuities such as deregulation, 
globalization, technological convergence, and the rapid evolution of information 
technology have blurred the roles that companies play in their dealings with each other. 
 
The earlier discussion of the five phases of Industrial and Manufacturing Engineering 
reveals this change clearly. The changing dynamics of business have been the focus of 
managerial debate especially during the last decade. Practitioners and scholars talk 
about “competing as a family.” They talk about alliances, networks, and collaboration 
among companies. But the end customers, the consumers, have largely been ignored by 
many professionals. Consumers have increasingly been engaging in an active and 
explicit dialogue with manufacturers of products and services, and can now imitate the 
dialogue; they have moved out of the audience and onto the stage (Prahalad and 
Ramaswamy, 2000). 
 
How then can we integrate different components of a business for the purpose of 
conforming to customer needs and requirements, and thus provide value? One answer 
lies in Industrial and Manufacturing Engineering education, since it is a good “liberal 
arts” engineering education. Although the other engineering branches impart specific 
professional skills, their graduates are qualified only in limited bodies of knowledge and 
thus restrict themselves to standard industrial classification (SIC) groupings or codes in 
which they might obtain work. The broad preparation of industrial and manufacturing 
engineers is one of the main reasons so many organizations use them to integrate all the 
resources needed in a system and to facilitate communications among management, 
engineering, vendors, and very importantly, customers. 
 
Industrial and manufacturing engineering skills are applicable at all stages of product, 
service, and process design, development, and implementation. Thus the incorporation 
of systems thinking concept, methodologies, and techniques into education could 
greatly enhance the service education offers to industry. Many of us have experienced 
the disappointing results of sub-optimization: trying to optimize one aspect of an 
organization, only to achieve no change in the desired metrics, or—worse—to witness 
adverse effects elsewhere, as in other engineering disciplines. 
 
An industrial and manufacturing engineer who can view an organization as a whole—as 
a system of interdependent components—and who can help others within the 
organization do the same has tremendous potential. 
 
Some of the unique characteristics of the profession are as outlined below. 
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