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Introduction The crude studies in efficiency first conducted by seminal management theorists, like Frank and Lillian Gilbreth, have blossomed into an entire field study within the management discipline today. Operations management has become a critical area of study as global competition increases. The need for new methods of production and efficiency improvements has never been as important as today. Companies spend millions of dollars each year to improve their processes in order to increase economic performance. According to Champy and Weger (2005), an engineering firm spent 85 million on the implementation of an enterprise resource planning (ERP)[1] system that is not yet complete. Further, it is estimated that 35 percent of all US companies have a six sigma program in place (Crockett and McGregor, 2006). According to the American Society of Quality, 82 percent of the largest companies in the USA have embraced six sigma (Hindo, 2007a). Domestic and multi-national companies like Boeing, Citibank, Sun Microsystems, Dupont, Textron, Bank of America, GE, Motorola, Toyota, and, Xerox all employ the latest and most sophisticated methods of continuous improvement to remain competitive. Starting with quality circles and later, total quality management (TQM), the landscape of efficiency-enhancing programs has



exploded with techniques such as six sigma, lean manufacturing, process reengineering, Kaizan, Zero Defects, just-in-time and many more different systems of continuous process improvement. Companies believe that such systems provide worthy contributions to their organizations. For example, Xerox CFO Lawrence Zimmerman insisted that their lean six sigma system has allowed Xerox to keep their prices competitive and had saved the company hundreds of millions of dollars (Lidor, 2005). In 1998, AlliedSignal added to their profit about $500 million (Hunter and Schmitt, 1999). Reed et al. (2000) reported that GE successfully improved their operating margin from 10 to more than 15 percent. The largest luxury carmaker in the world (BMW), has been trying to combat the more expensive prices of raw materials and a weaker dollar. However, the Munich-based company has been able to improve productivity to where earnings stayed similar to the year before. Analysts estimate that the negative impact from foreign exchange only this year could reach up to $985 million (Platt et al., 2005). Further, since the 1970s some of those systems – , e.g. lean management – have been credited with successfully improving the performance of business in the USA such as reducing costs, improving quality, reducing lead-times, increasing market share, etc. (Imai, 1986; Monden, 1986; Emiliani, 2006). Other benefits include saving money and time, shorter traveling distance, fewer people required, and reduction in inventory (Manos, 2007). If they were alive today, Frank and Lillian Gilbreth would be overwhelmed to see how their work in efficiency provided a foundation for so much of what goes on in contemporary operations management. Their contributions to the field of management are fascinating and are still used in many different ways. As colleagues, promoters, and competitors of Frederick W. Taylor and his circle (Nadworny, 1957), they were responsible for helping lay the foundations for modern operations management and improving scientific management techniques. Recently, their contributions can be seen as an integral part of both operations management and industrial engineering (Yost, 1949). The objectives of this paper are to show that the Gilbreths have developed a management system that is equal to – if not better than – the modern ones, and to show that most modern systems emphasize only one dimension of competitiveness, thus ignoring other key factors that Frank and Lillian included in their system. Those key factors could be some of the main contributors to the great difficulties that corporations face today, especially during and after the implementation process of such expensive systems. This paper also aims to shed light on the issue of the cost-effectiveness of current process improvement systems in relation to the value added from them. Another modest objective is to pay tribute to two of the greatest minds from the past whose ideas have left a lasting imprint on our current thinking in operations management. Frank and Lillian Gilbreth Background The Gilbreths’ background played a major role in shaping their personalities, their fields of study, and their life-long work culminating in their management system. In order to fully understand and appreciate their system, a brief synopsis of who these people were and how the development of it played a major role in their daily life follows. It is interesting to note that their system was not only implemented in factory settings, but also in other settings (e.g. at home, or even for the handicapped) which made their work unique in comparison with other systems.
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Frank Bunker Gilbreth (1868-1924) and Dr Lillian Moller Gilbreth (1878-1972) together made up the best-known husband-wife team in management history. Frank Gilbreth was born to Martha Bunker and John Hiram Gilbreth in a family that had a deep appreciation for culture and education[2]. As with most parents, they had a great impact on shaping the thoughts and beliefs of Frank and his sisters (Gilbreth, 1970). Martha Bunker was born on August 26, 1834, in the village of North Anson, Maine. She was an industrious woman. On the one hand, she was a firm, strong, candid, undiplomatic woman that would not hesitate for a minute to give her honest opinion about anything. On the other hand, she was compassionate, clever, kind, and sincere (Gilbreth, 1970). Martha, Frank’s mother, believed in the value of proper education, and she tried her best to turn Frank into a dedicated and focused student. Unfortunately, Frank resisted any serious pursuit of his studies and proved to be an average student who exerted a minimum level of effort (Yost, 1949). Yost (1949, p. 25) further asserts that the “resulting lack of discipline left its lifelong mark upon him.” However, the real reasons for why Frank never became a serious student were never completely revealed. Yost suggests that it might be the fact that his mother had to work so hard to support the family after the shocking death of his father earlier in December 1871, due to pneumonia (Gilbreth, 1970), when Frank was only three-years old. His father’s death was very hard on Martha. She was sick for a year afterwards, and after she healed she realized that all the money from her husband’s estate vanished (Gilbreth, 1970). This incident left a mark on young Frank who watched his mother recover from grave illness to support her three children[3]. Despite his lack of interest in schooling, Frank chose to focus his efforts on his manual skills, where he excelled tremendously. He was also known to be bright, creative, and charming. More than anything, Martha wanted him to go to college. However, Frank was determined to become a builder, even though he passed all the examinations for MIT. Yost believes his decision to work at such a young age (17-years old) was driven by his sense of responsibility towards releasing his mother from the burden of supporting the family. She was a very tough and strong willed woman who insisted on sustaining her family without any help, although it was offered generously from the Bunker side of the family (Gilbreth, 1970). This was just the beginning of a life where young Frank Gilbreth would make his contributions to the field of management. After passing up the opportunity to attend MIT, he started working for a local contractor as a bricklayer’s helper. He hoped that his work would help get his mother out of the boarding house business with which she had supported the family (Gilbreth, 1970). The first day of his work as a bricklayer’s helper started with him closely observing the motions and methods of a bricklayer and for the first time he became intrigued in what ended up being his life’s work – motion study (Yost, 1949). On the other side of the USA, just when Frank was starting his career as a young builder, his wife to be, Lillian Moller was still in grade school impressing all her teachers with her wits and making the transition from being home-schooled (Yost, 1949). She was born on May 24, 1878, in Oakland, California. Her father was born in Germany and ended up in California making a good living as a sugar refiner (Wren, 1972). She came from a wealthy family that protected her and raised her well. Lillian grew up with an inferiority complex stemming from her not being popular as some of the other kids and her self-perception of not being very pretty. This stuck with



her until adulthood, although she got along well with her teachers and other classmates (Yost, 1949). She earned good grades to compensate for the feeling of being inferior and she lived in constant fear of losing her ill-mother (Miller and Lemons, 1998). She was shy, sheltered, never learned to drive, and did not know how to run a house (Gilbreth, 1970). And yet, she had the gumption to earn a PhD in psychology (she actually earned two PhDs), and then, later in life, she went on to a series of “firsts” for women, including: the first woman member in the American Society of Mechanical Engineers (1921); the first woman to receive an honorary masters degree in engineering from the University of Michigan; the first woman professor at both Purdue University and Newark College of Engineering; and she was the only woman to receive the Gilbreth Medal, the Gantt Medal, and the CIOS Gold Medal (Wren, 2005). She wrote many books and articles, lectured in many universities and professional groups in the USA and abroad, and she was granted a total of 22 honorary degrees (Wren, 1972; Miller and Lemons, 1998). These accomplishments are even more amazing when one considers that she was left to raise her 12 children as a single mother after Frank’s untimely death in 1924. In an article written to pay respects to this amazing woman, Dr Daniel Wren said that after she departed our world, she would be remembered not only as the “First Lady” of management, but also as a role model for future generations of women. Lillian achieved in her work and life more than most of people can ever imagine. Her dedication to both her family and profession was unparalleled. She changed her focus while doing her PhD from English to Psychology because Lillian believed that such a degree would better complement Frank’s work (Wren, 1972). Such a sacrifice can only be done in a few cases of extreme devotion and love. Her training surely “supplemented Frank’s work on fatigue, motion study, the impact of the work environment on the worker, and the scientific management movement in general” (Wren, 1972, p. 8), thus starting the most famous husband-wife team in the history of modern management. The sacrifices and the motivation went both ways. For example, if it was not for Frank’s continuous nagging, she would not have enrolled at Brown University, and probably would have never finished her PhD (Gilbreth, 1970; Miller and Lemons, 1998)[4]. Frank’s focus was in motion efficiency while Lillian’s focus encompassed the psychological aspect of management (Graham, 2000). To ensure maximum efficiency, they built an office and laboratory at home. Each of the children was given specific assignments around the house (Gilbreth, 1970). The Gilbreths operated their household as efficiently as a factory. Frank calculated job assignments and time schedules for the children (Graham, 2000). The children were expected to get their work done completely and efficiently. They were also responsible for teaching and learning from each other (Gilbreth, 1970)[5]. Lillian learned much about efficiency from Frank, which served her well after Frank passed away in 1924 (Gilbreth, 1970). The years that followed Frank’s death were very hard for her. Nevertheless, she established her self as a credible management consultant and continued her husbands work. However, despite her hard work, sustaining the contacts and existing contracts seemed impossible (Miller and Lemons, 1998). In the 1920s, it was very challenging for a woman to make a decent living especially in areas such as management or engineering, where men dominated. However, she had one very important trait that kept her going: courage (Wren, 2005). For instance, she kept the family plans in motion as if Frank never passed away earlier that year. She traveled to attend the London Power Conference and then she went to Prague and took her husband’s place in the International Management Conference where she
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read their paper (Yost, 1949). She kept teaching motion-study seminars and depended on close friends to refer clients for consulting jobs (Wren, 2005). Between 1925 and 1927, Lillian successfully ran motion study seminars, from her house, to train motion study engineers where she had attendees from GE, Cadbury, and the British chocolate manufacturer (Price, 1992). During 1927, Lillian focused her efforts on finding work with major businesses such as R.H. Macy, Johnson & Johnson, Sears Roebuck, and Green Line Cafeteria (Price, 1992). All of her hard work and her students work ensured that the Gilbreths’ name was almost synonymous with time and motion study[6]. Modern process management systems In the past-20 years, modern process management systems have become an integral part of corporate practices and programs (Cole and Scott, 2000). Companies’ fascination with them reached new heights, thus leading some to suggest that such processes have taken on aspects of managerial fads (Abrahamson, 1996). The guarantee provided by such systems revolved around the idea that increasing process control and reducing variance should drive speed and efficiency within a firm (Garvin, 1988; Harry and Schroeder, 2000). Specific process management systems have been studied, analyzed, and implemented in firms all over the world. For example, research has found a direct relationship between adopting TQM and improvements in firm performance (Easton and Jarrell, 1998; Hendricks and Singhal, 1997; Lemak et al., 1997; Shetty, 1993). Others have suggested that TQM and other processes can be used to generate competitive advantage (Curkovic and Pagell, 1999; Feigenbaum, 1990, 1992; Hewitt, 1994; Reed et al., 2000; Tobin, 1990). TQM can also simply be used in order to increase the quality of a product, which can help in increasing sales and revenues (Reed et al., 1996). Not all researchers, however, have found better performance associated with the implementation of process management systems (Powell, 1995; Staw and Epstein, 2000; Terziovski et al., 1997; Samson and Terziovski, 1999), thus raising the following important question: is there a system that is better than the ones we have today? For example, in 1992, The Economist estimated that 75 percent of all US and British firms were using some form of quality management system. After the firms had the chance to completely implement and test those systems, they were repeatedly disappointed with the results achieved. Also, since those modern process management systems are considered to be easily copied and adopted by other firms (Hammer and Champy, 1993; Harry and Schroeder, 2000; Pande et al., 2000), we suggest that Frank and Lillian’s system may be much harder to imitate by competitors if implemented properly, thus making it easier to achieve and sustain competitive advantage. It should not be forgotten that implementing modern quality systems is very costly, thus corporations need to be very careful regarding which system to choose. For example, when ServiceMaster announced the implementation of “Six sigma” throughout the company, the estimated cost was $20 million (Ward, 2006). In 2002, GE spent 600 million on “Six sigma” initiatives, which mostly were used to cover the salaries of more than 4,000 full-time “Six sigma” experts that the company employs (Amdt, 2002). The company is even helping its customers (e.g. Dell) by sending some of their experts to help them reduce what GE estimates to be $1 billion of inefficiencies and waste that plague those customers (Amdt, 2002). Another vital point has to do with the goals and objectives of modern corporations. The goals of organizations seem to focus on three main issues: growth, profitability,



and market share (Shetty, 1979). Shetty’s survey included 193 companies from Business Week’s list of the largest firms in the America. To our surprise, efficiency was not really considered as an important strategic goal by those large firms, suggesting a serious lack of attention from these organizations with regards to this issue. According to agency theory (Alchian and Demsetz, 1972; Jensen and Mekling, 1976), CEOs mainly should be interested in projects that promise fast returns while avoiding long-term projects. Thus, initiatives that focus on cutting costs should win the hearts of many executives as a way to improve short-term performance. However, establishing a culture where the entire organization is focused daily on efficiency and process improvements – as the Gilbreths taught – seems difficult to achieve. Modern process management systems all have different tactics, scope and methods. However, they all share a common focus on the methodology of organizational processes (Benner and Tushman, 2002). Benner and Tushman (2002) further suggest that this focus on organizational process methods includes three main activities: mapping and documenting routines (Hammer and Champy, 1993; Garvin, 1995; Harrington and Mathers, 1997), incremental improvement of routines (Dean and Bowen, 1994; Garvin, 1995; Harry and Schroeder, 2000), and embracing a system of successful best practices in order to be able to stick to the developed routines (Hackman and Wageman, 1995; Harrington and Mathers, 1997). Such systems, when implemented correctly, can show good results. However, Frank and Lillian’s system does provide something unique that has been perhaps neglected over the years – a stronger focus on the human element and the human interface with the process improvement system. The Gilbreths’ system The system that the Gilbreths developed may be organized and divided into four major parts: motion study, skill study, fatigue study (i.e. the physical human element) and the psychology of management (i.e. the cognitive human element). We believe that the combination of those four elements led to the development of the most useful process management systems to date. The utility comes from the way it combines both the scientific method and human interface dimensions in process management. To more fully understand the tremendous impact this system has on current thinking, and how many modern techniques can be further improved through the application of these four components, we have summarized them and their implications in Table I. Motion study The main goal of motion study is to find the one best way to do a specific task (Gilbreth, 1927). Frank was able to identify and eliminate unnecessary movements that he considered wasteful (George, 1968). To increase productivity even more, he custom-made machinery to meet employee needs. The easiest and most efficient way of conducting motion studies entails using what a corporation has from available resources (human and capital) in search of the best way to perform tasks (Gilbreth, 1927). The system emphasized that a firm must make the best possible use of what they currently have without having to change workers or buy new equipment (Gilbreth, 1927). Another issue is that a firm must articulate its desired outcomes and end-states. However, the firm should also define its ideal methods for improving performance, assuming it could change the workers or buy new equipment (Gilbreth, 1927). Thus, small and incremental changes can lead to great cost savings and
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Table I. Components of the Gilbreth system and implications for modern techniques



Gilbreths’ treatise/process



Most salient attribute



Motion study



Observable behavior



Implications for modern process improvement techniques



TQM has been criticized for lacking enough rigor and statistical techniques. Applying motion study to TQM would make TQM more scientific Skill study The role of a manager SCOR, is criticized for inadequate organization as a trainer and planner wide training programs and organizational development (employee training) programs. The focus on improving employees’ job skills is extremely important for both the employer and the employee who in the words of Frank Gilbreth would feel great satisfaction. Applying skill study to SCOR would surely help launch it to a much more powerful process improvement tool One of the main critiques of BPR is its extreme Fatigue study The limitations of human focus on efficiency and technology and its performance and tradeoffs disregard for employees. Paying more attention with efficiency to employees and their needs would surely increase the success rate of BPR projects The psychology of The importance of cognitive Two main criticisms of six sigma methodology management and psychological factors to are that it has a very narrow focus and that is very dependent on the availability of valid data employees for analysis and improvement. It is very quantitative. The focus can be broadened by including the human element to it which it lacks. Secondly, in cases where data is difficult to collect, shifting the focus on training and empowering employees might simply reduce the need for the data that this system requires



achieving better methods of doing certain jobs (Gilbreth, 1927). However, large and major changes could also dramatically improve the performance of a firm if additional funding or higher profits allow for investing in new capital or expanding capacity (Gilbreth, 1927). This system also focused on developing and training employees. For example, each employee was supposed to be taught the best way of doing a particular task (Gilbreth, 1927). If an employee was corrected as to how to do a task, he/she would not be criticized; on the contrary they would be encouraged to try again. The ultimate goal was to be sure that new employees were properly trained, and experienced ones displayed the skills necessary to perform the job in the most efficient manner. Frank was fascinated with the study of motions. He believed that there was nothing worse than waste of any kind, specifically the waste of unnecessary and ineffective motions (Pollard, 1974). Lillian also played an integral role in the study of motions where she co-authored a book with Frank on the subject called “Applied motion study” in 1917. Further, they were asked to write a paper to compare time study and motion study and present the paper before the New York Section Meeting of Taylors’ Society (Yost, 1949). The paper was clear, concise and included an effective explanation of the importance of motion studies.



Frank emphasized that the sole reason for time studies was to discover the proper work elements and then transform them into standards where they could be implemented for all workers, regardless of experience or skill level. Such studies could be used across all trades so that information could be exchanged to improve work methods in different industries and thus improve productivity across the country (Pollard, 1974). Interestingly, the Gilbreths also understood the limitations of time study such as being prone to wide range of error due to the human element involved (e.g. simply stopping and starting the watch) (Gilbreth and Gilbreth, 1920). Frank realized that for motion studies to work and be effective full cooperation from employees is necessary (Pollard, 1974). He not only published those thoughts in a paper[7], but he also implemented it personally in his work by calling all the men together and explaining to them in advance exactly what he planned to do, how important their cooperation was, and how they could personally profit from increases in production (Gilbreth, 1970). This recognition of the importance of cooperation between management and labor is something he shared with his mentor, Frederick W. Taylor. Frank’s work continued to evolve as he sought additional, innovative ways to improve motion study. For example, he developed a new motion study technique, which he called micromotion study. “It involved filming a worker’s operations against a cross-sectioned background while a chronometer recorded the time,” thus allowing Frank to examine the film – using a magnifying glass – in order to determine the time of each workers motions to 1000th of a second (Price, 1992, p. 60). As a result, he was able to compare and contrast the different approaches of workers to determine the best method possible which becomes the standard (Price, 1992). Since the introduction of motion and time studies in the early 1900s, it seemed that time studies had received an overall wider acceptance (Yost, 1949;, e.g. of time study see Aharonson-Daniel et al., 1996). However, after publishing their article regarding the comparison of time and motion studies back in 1916, six different authors wrote to defend time studies and eventually all agreed that motion study is superior to time studies (Yost, 1949). None admitted that time studies were invalid, just simply not as superior[8]. The Gilbreths were extremely happy to hear such news even though time studies proved to be used more frequently. This preference for time studies might have emanated from its simplicity in comparison to motion studies, or the lack of understanding of the benefits associated with motion studies despite their added complexity. Even today, companies like The Boeing Company use time studies extensively in their industrial engineering departments, while motion studies get less attention. Process improvement methods are currently used by industrial engineers to improve manufacturing processes. Their job also includes searching for the critical path and rescheduling jobs around it to insure that the most vital tasks will get done first. Time studies then are used to measure specific jobs to try to find ways of improving particular jobs. Every manufacturing unit is assigned an industrial engineering unit to support it. The industrial engineering department’s main job is to fully support manufacturing by building bar charts (for job scheduling), process improvement initiatives, coordination with other manufacturing units (especially when delays are occurring often), and the successful implementation of new methods. For the bigger and more complicated process improvement initiatives, consultants are hired to help initiate such programs. With all this in mind, Frank would have still been very proud of his accomplishments, although he never received the wide range acceptance that time studies did.
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In fact, Taylor’s followers admitted the overall superiority of motion studies, yet Frank believed deeply that one day people would accept and use the better system (Yost, 1949). In the early 1900s, motion studies were considered by some as an advanced method for process improvement. Recently, we have many more methods that claim to accomplish the same goals (TQM, JIT, and more). To compete on a global scale, firms have to obtain an ISO 9000 certificate. This requires the achievement of a certain level of process improvement in order to receive the certificate. Not only are manufacturing firms required to obtain such certificates, but also service firms similarly are required to achieve such levels of improvement and standardization (Scott, 2005). The search for the one best way. As having started his working career as a bricklayer’s helper at 17, Frank realized that bricklayers had two to three different ways of laying brick depending on certain circumstances and direct objectives. Further, as he apprenticed with different experienced bricklayers, he realized that each and every one of them had his own system, usually two to three totally different methods in comparison to other experienced bricklayers. This puzzled Frank; for he did not want to learn many different ways of doing one job. He believed strongly that there was only one best way of getting the job done. Searching for this one best way became his life long obsession. From bricklaying to management, Frank worked very hard on finding the one best way, the best system that would accomplish the most work with the least effort. For Frank Gilbreth, a system simply meant a prearranged, ordered, and very detailed way of getting the work done. He divided the work into many parts that should be done in a certain order. For example, in his construction business, Frank implemented rules for everything, and he expected all his workers to follow the system he developed to the letter. However, he was always in search of more efficient ways to accomplish the work, so each month he awarded employees with cash prizes for suggestions. Frank organized his work into three systems: the field system, the bricklaying system, and the concrete system. There were very detailed rules regarding every aspect of those jobs. For example, there were 231 rules for mixing concrete. His goal was to achieve a single, standard way of getting the work done. System changes were allowed and encouraged by workers as long as he approved them personally (Pollard, 1974). Employees would also be rewarded monetarily when or if they gave good feedback on how to improve the field system (Gilbreth, 1908). He expected that his system be taught to new apprentices from the start and that employees who did not want to implement the system be hired in dire circumstances only. It appears that Frank did not understand and value the fact that this method might not work well for everybody and that alternatives and adaptations might be necessary (Pollard, 1974). Although maligned in some textbooks today, the search for the “one best way” continues in modern corporations all over the globe as they constantly search for the best ways for producing, teaching, selling, automating, and delivering. Some sort of variation of this system has to apply to any corporation that seeks or expects to compete in today’s highly competitive markets. As one firm achieves superior levels of productivity, others must follow or else they will not survive (Champy and Weger, 2005). Process improvement methods are continuously implemented to achieve such goals. For example, Rogow (2005) emphasizes that only 20-25 percent of all CIO’s have achieved their optimization goals. Further, until this day there is not a magical formula to solve such problems. Questions are constantly being asked on how best to automate and how



many different suppliers should be used in the automation process (Bradley, 2005). The quest for the one best way will always be the dream of many businesses across the globe. In reality, many modern productivity methods such as lean manufacturing, six sigma, TQM, and JIT are all extensions of the Gilbreths’ work. Jack Welch, then GE’s CEO, considered six sigma the most challenging and important initiative that GE has ever got involved in PR Newswire (2000), where company officials have estimated that due to lower quality products, the company lost $10 billion in annual revenues (Pasternack, 2002). Further, Dell[9] has refused to move all its manufacturing to countries with cheaper labor. Dell insisted on manufacturing both in the USA and Europe, where it is the sole company manufacturer in both locations. To survive the harsh global competition, Dell had to implement a six sigma and lean manufacturing systems to help reach their goals. The aim of those systems is to improve their entire operations by 25-50 percent every year. For example, in 2000, Dell’s manufacturing site at Limerick in Ireland used to produce approximately 75 pieces an hour, while currently it can produce approximately 750 pieces during the same period (Supply Chain Europe, 2005). Of course, global competition was an issue Frank Gilbreth did not have to worry about when he pursued his quest for “one best way”. Recently, the geographic boundaries of commerce are gone and companies must compete on both the domestic and international levels simultaneously. Whole industries are moving from country to country due to fierce competition fueled by the search for the highest levels of productivity at the lowest costs. A striking example is the television manufacturing industry that was eliminated in the USA due to competition from Asian countries that were able to manufacture TVs cheaper while maintaining or even surpassing the domestic quality standards. Looking back on the work of the Gilbreths, one can make a strong case that their principles and teachings are at the core of successful productivity practices and programs in today’s competitive environment. The important message for the corporate world here is to realize the importance of planting the seed of the need to continuously improve in all aspects. Skill study Skill study also focuses on the idea of eliminating waste, but it tackles the problem in a different manner than motion study. Here, the focus lies on understanding the reasons behind the satisfactory performance of work in comparison with the unsatisfactory performance of work (Gilbreth, 1927). When a worker becomes skillful at an activity the worker can perfect the job, can express him/her self, and feels great satisfaction (Gilbreth, 1927). Frank believed that a skill is the greatest asset that a worker can ever have. Therefore, working on perfecting skills would only help the worker succeed even more. Also, it is critical to mention that skill study focuses on how an employee can add his/her own touch of individuality to increase interest and ownership in work (Gilbreth, 1927). Recently, employee training programs aim to improve many types of skills in both the human relations area and in the actual job skill arena (Whyte, 1969). Formal assessment of the kinds of skills needed to succeed on the job focus more on the former (e.g. the development and use of assessment centers and various computer-based simulations to assess decision-making skills in HR departments). In the job skill area, much work is done at the community college and in apprenticeship programs sponsored both by trade unions and the firms that employ them.
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Fatigue study The three types of study – motion, skill, and fatigue – are similar in that they aim to improve productivity and eliminate waste (Gilbreth, 1927). However, fatigue study focuses on the reduction of fatigue that is caused by unnecessary motions (Gilbreth and Gilbreth, 1919). Gilbreth and Gilbreth (1919, p. 4) defined fatigue as the “condition of the worker’s organism after he has expended energy in doing something. It is a necessary by-product of activity.” The by-products of fatigue have major impacts on both the worker and the firm. Some of these impacts as identified by the Gilbreths include the decline of a workers desire to work (Gilbreth, 1927), diminution in on-job enjoyment, and reduction in the overall satisfaction from work (Gilbreth and Gilbreth, 1919). As fatigue increases, it becomes harder and harder to overcome it using simple methods such as rest breaks. If not treated in a proper and timely manner, the level of fatigue would increase leading to a multiplier effect that can have grave consequences impacting the health and well-being of the worker (Gilbreth and Gilbreth, 1919). One needs only to look at the table of contents of the seminal management theorists (e.g. Taylor, Gantt, and Mayo) to see just how important this topic was at the turn of the twentieth century. Even today, the issue of fatigue and, its first cousin, stress is at the forefront of attention in corporate America. Increasing attention is given to “wellness education” and accompanying programs to relieve employee fatigue and stress. Many firms even provide wellness centers on site so that employees can exercise before or after work. According to the International Labor Organization, US employees work more hours than any other employees in any industrialized nation (Anderson, 2001). However, they are not the most efficient in comparison with the French or the Belgians (Anderson, 2001). For example, in 1970 the GDP per hour in the USA was 35 percent higher than that of the European Union; by 2003 the gap has shrunk to less than 7 percent and is getting smaller by the day. Productivity per hour of work in Italy, Austria, and Denmark is comparable to that of the USA. However, Ireland, The Netherlands, Norway, Belgium, Luxemburg, Germany, and France have distinctly outperformed the USA in this key measure (Judt, 2005; Sharpe, 2003). Therefore, highlighting the importance of managing fatigue, where US employees can increase their productivity while reducing their fatigue. The psychology of management Lillian studied and excelled in the application of psychology. The first work related to psychology that she published under the moniker “L. Gilbreth” (to hide the fact that the author was a woman) was her doctoral dissertation “The psychology of management.” She believed that managers must pay more attention to employees in a world where the focus was only on the work. She further insisted that proper industrial education and training would increase workers’ abilities. A revolutionary idea given that the traditional management belief, at the time, was that workers were self-interested and naturally lazy. This resulted in the “carrot and stick” approach to motivating workers, termed “ordinary management” by Frederick Taylor, a system he distained and sought to replace with his scientific principles. Like Taylor, Lillian never agreed with this assumption about workers, believing instead that the whole purpose of work was for a person to express his/her individuality (Graham, 2000). Frank agreed, emphasizing that “as a business grows, the employees lose their individuality with their employer.”



“This is discouraging to a workman who desires to have his efforts appreciated” (Gilbreth, 1908, p. 86). To solve this problem, Frank devised a “white list” which allows him to know what each foreman thinks of his employees (Gilbreth, 1908). After the completion of a job, a business owner would be able to recognize the most valuable employees and would aim to hire them first for the next job (Gilbreth, 1908). These days educators and businesses alike are still pushing for what Lillian asked for in her thesis. Almost every company in the US presses for training and empowering their employees. However, some modern process improvement methods seem to rely on only a few well-trained individuals (e.g. six sigma black belts), while providing only minimum training in six sigma to the line workers (unlike Japanese companies). Another issue that faces corporations is the great loss of the “individuality” of employees, one cause of job dissatisfaction. And, we know that job dissatisfaction has been found to be related to excessive absenteeism, turnover, sabotage, and other issues that are all linked to the overall effectiveness of the firm (Hamner and Organ, 1978; Hom et al., 1992). Frank and Lillian used economic incentives to motivate employees in the same manner that Taylor had used – again a revolutionary thing. However, Taylor generally believed that workers will only be motivated by monetary rewards. Frank and Lillian believed that monetary rewards are important, but they are only the beginning of a successful motivation system (Graham, 2000). For example, when consulting with new corporate customers, the first thing they asked employees about was fatigue. They located the sources of fatigue and worked hard on eliminating them. Improvements were made in the lighting, ventilation, and chairs (Graham, 2000). Further, they recommended hourly rest periods to increase employees’ productivity. Until this day, fatigue is a big problem that faces corporations. For example, in 1997, it was estimated that there were about 626,000 workdays lost due to fatigue (musculoskeletal disorders – MSDs) (Henderson, 2004). It was further estimated that such disorders account for about one-third of every dollar spent for workers compensation in that year. Moreover, employers pay on average $17.5 billion in workers’ compensation costs for those disorders; other expenses related to MSDs may even increase to approximately $45-54 billion a year (Henderson, 2004). Although the Gilbreths warned us long ago about the costs of fatigue, corporations are still battling the causes and costs resulting from fatigue and stress. As mentioned earlier, it is heartening to see many firms taking proactive steps to avoid that malady that both Frank and Lillian believed could be avoided. Frank and Lillian worked hard to find new ways to improve working conditions and increase worker satisfaction. For example, they recommended the adoption of “reading boxes” for educational and entertainment purposes. These boxes provided a wide variety of reading materials for employees including books and periodicals. They further installed a system of suggestion boxes spread across a manufacturing plant to allow employees the opportunity to give feedback to management on any issue they felt was important. This system helped employees contribute ideas to management and it also helped them feel involved in the management process (Graham, 2000). They also introduced the three point promotion system that every employee is a teacher, learner, and worker. Their ultimate goal was to increase worker satisfaction and efficiency in the company without relying solely on economic motives. Lillian made many other contributions to the larger field of “management” like the application of motion studies to the house and work. She also worked on rehabilitation
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techniques for the handicapped, elimination of fatigue and the use of leisure time, and even suggested aids to women in business, management of home, and family life. In all her writings, a very strong psychological thread can be found, which clearly came out from her dissertation (Greenwood et al., 1978). Overall benefits of the system Frank believed adoption of the system would benefit managers and workers alike. Like Taylor, he emphasized that as workers become more efficient they will earn 25-100 percent increases in their wages (Gilbreth, 1914). Part of the success of process improvement is educating the workers and making sure that they understand that productivity increases do not necessarily jeopardize their jobs. Then, and now, most employees have great fears whenever process improvement initiatives are implemented due to the possibility of them rendering their jobs obsolete. And, those fears can sometimes be founded if process improvement is not implemented in the spirit the seminal theorist preached which focused on cooperation between management and labor. For example, although Home Depot’s profits soared after the implementation of six sigma to stream-line their checkout, employee morale dropped, and so did employee satisfaction. Home Depot managed to drop from first place in the American Customer Satisfaction Index to the last place in 2005 (Hindo, 2007a). In a system that is mainly designed to decrease production defects and increase efficiency (Hindo, 2007b), there needs to be ways to keep employees informed, motivated and satisfied. So, if six sigma is implemented in a way that mainly focuses on profitability and process discipline (Hindo, 2007b) and fails to include steps to either avoid large layoffs or find other ways to help employees find work, the results can be serious over the long-term. Similarly, when James McNerney – a disciple of Jack Welch (former CEO of GE) – abruptly left 3M in order to pursue a bigger job, employees admitted that they felt very refreshed that at last they can focus on growth and innovation instead of profits and cutting cost (Hindo, 2007b). During his rein, approximately 11 percent of all employees (8,000) lost their jobs (Hindo, 2007b). Jack Welch is known for implementing six sigma at GE where the company flourished under his watch. However, according to Stephen Tomrey who negotiated the United Electric Workers contract for about 6,000 GE employees, GE employees “are considered lemons and they are squeezed really dry” (Byrne, 1998, p. 90). Lowe (2001) also emphasizes that Jack’s success affected many employees, where some of the many disgruntled employees and former employees took the company to court. The Gilbreth’s system aims at finding the best way of doing a certain job from both the method and human perspectives. For example, if the manager determines that a particular work method requires the worker to rest every other half an hour, or change activities, then this should be done because it will increase the overall efficiency of that worker, allow for additional earnings (on a piece rate system) and be in the best health interest of the worker as well (Gilbreth, 1914). Frederick Taylor understood the role of fatigue after realizing that certain jobs require more rest, or different type of rest than other jobs (Gilbreth, 1914). A firm also benefits from such a system because emphasis on the human element should reduce costs, absenteeism (due to fatigue), and even turnover. Conclusions and implications The Gilbreths’ contributions have made important and long-lasting impacts on the fields of management, operations management, and industrial engineering.



They both are seminal theorists in the field of management. Their achievements and accomplishments in improving productivity have important implications for modern process improvement systems such as TQM, supply-chain operations reference (SCOR) and business process reengineering (BPR) as summarized in Table I. As students of Frederick Taylor, their contributions to refining the tenets of scientific management in general led Drucker (1954, p. 280) to assess this management theory as follows: “. . . it may well be the most powerful as well as the most lasting contribution America has made to Western thought since the Federalist Papers.” Beyond Scientific Management, the Gilbreths’ main contribution was their deep interest in “the development of man to his fullest potential through effective training, work methods, improved environments and tools, and a healthy psychological outlook” (George, 1968, p. 98). We believe that this study demonstrates how the Gilbreths’ emphasis on the human element makes their system superior to many modern process improvement methods which often tend to overlook the human interface. Recall that some early process improvement systems such as “quality circles” that were developed in Japan in the 1950s and 1960s relied heavily on human input and interaction. However, reviewing the modern literature, it seems that the focus slowly shifted to processes and methods while neglecting the human element. Perhaps, a return to this fundamental principle would remedy some of the complaints detailed earlier in this paper with regard to modern process improvement systems. Not only that, but also a renewed emphasis on human factors in such systems would make them more relevant and applicable to other cultures that are more collectivist in their orientation (e.g. Mexico, Taiwan, Pakistan) or that have a more passive orientation towards goals (e.g. Scandinavian countries) (Hofstede, 1980). Moreover, the Gilbreths invented many work process methods that were considered revolutionary in their day, but that are manifested in various forms today (Table I). For example, they offered monetary incentives to motivate employees to come up with process improvement ideas (Gilbreth, 1908). Another example is their advocacy of changing the job to fit the person in order to allow any person who wants to work the opportunity to work (Gilbreth and Gilbreth, 1920). They also consistently talked about the importance of employees to feel ownership towards their jobs. Frank and Lillian also preached for working smarter not harder and designed many work systems to reduce fatigue and long-term injury. These ideas have different monikers today, such as “person-job fit”, “participative management” and “ergonomics”, but those modern concepts are fundamentally grounded in their seminal ideas. The work of Frank and Lillian Gilbreth provided the foundation for much of what we know today as operations management, industrial engineering and even management science. In sum, “the Gilbreths extended our understanding of work and the worker” (Wren, 2005), and so we hope that this study will remind both practitioners and academics to always remember them with admiration and respect. Notes 1. ERP “is a catchword for large systems that span processes from finance and accounting to human resource management to supply chain optimization” (Champy and Weger, 2005). 2. For example, Martha eventually moved the family to Boston to provide the best education possible for her three children. 3. According to Frank, the subject of the lost money never was discussed at home, what he new was that the money that was supposed to support Martha and her kids simply vanished
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after “Hiram’s sisters or brothers-in-law either invested the funds or simply lost them” (Gilbreth, 1970, p. 53). That was the last time that Martha, her kids or grandkids ever contacted the Gilbreth’s side of the family. At the time she was expecting a baby and she felt uneasy going back to school when the baby was at tender age. This took place directly after moving to Providence, which she loved dearly. Frank originally devised a three-position plan to be used in his contracting business where workers are responsible for three different positions: teachers of people directly below them; workers that need to accomplish their own job; and learners that need to learn from the people above them to eventually get promoted to that position. Eventually, he applied a similar system at home. For more on their consulting work, please see R.H. Macy files, Box 95, File 0707, Box 134, File 0830-20; Johnson and Johnson files, Box 95, Files 0704-2; Sears, Roebuck files, Box 97, Files 0713-5 and 0713-6, Box 135, File 0830-26; Green Line Cafeteria files, Box 94, File 0701, Box 134, File 0830-I4. The paper’s title was “The effect of motion study upon the workers” and it was published in 1916. Yost further mentions that Frank also believed that time studies could be more effective for specific tasks. Dell currently has 18 percent of the global market, 33 percent of the US market and 14 percent of the European market. Dell plans to open another site in Europe for manufacturing computers in the next two years in Central Europe (Supply Chain Europe, 2005).
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