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Abstract 

The food Service industry is one of the largest employers in the United States and food 

service in Universities form a considerable part of this. Food service places always face 

the difficult task of providing high quality food and at the same time reduce waste and 

costs involved with food production. Lean principles and lean tools help in reducing 

waste and thereby reduce costs. Lean principles have been widely applied in the 

manufacturing sector and rarely used in the service industry. This research applies lean 

principles in reducing waste and improving productivity of a food service operation in a 

university setting. The results showed considerable reduction in costs and improvement 

in productivity while keeping the quality of food at the highest level.  
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Chapter 1 

  Introduction 

 1.1 Background 

               “The foodservice industry encompasses those places, institutions, and 

companies responsible for any meal prepared outside the home. This industry includes 

restaurants, school and hospital cafeterias, catering operations, and many other formats,” 

(Farr & Shatkin, 2008). Farr et al., identified that foodservice is one of the largest 

employers in the United States comprising more than 805,360 people working in 

managerial and waiting roles.  The various factors involved with the industry such as 

legislation, community, and environment have grown more complex over the years 

rendering the design and management of foodservice difficult (Hurst, 1997). At the same 

time overcoming these difficulties would ensure the success of any food service place 

(Wentz, 2007). The places providing food have to understand that people not only buy 

the food but also require a good customer service – an intangible. With respect to 

universities and college ambience food also forms a part of the culture and providing a 

means for students to express themselves (Hurst, 1997). Moreover, foodservice in a 

school setting should also take into account the cultural and ethnic diversity that are 

commonplace in most educational institutions in this country. This diversity results in 

diverse food choices on campus and off campus promoting a competition among the 

various food service providers. With increased competition, the on campus food service 

providers are required to serve quality food and service that satisfies the customers; 

http://en.wikipedia.org/wiki/Restaurant
http://en.wikipedia.org/wiki/Cafeterias
http://en.wikipedia.org/wiki/Catering
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failing that they may lose the market share to the competitors operating off campus. 

There is a constant struggle to match the quality needs and also satisfy the taste buds of 

the customers. In doing so, food services often tend to generate unnecessary waste. Waste 

generated is in many forms including, but not limited to, physical waste, time waste, 

human resource misuse, and operating expenses overrun (Frumkin, 1997). Food services 

have to understand and follow strategies in order to reduce the waste and improve 

quality; Lean is one such tool which can reduce the waste in an organization and at the 

same time improve quality, ultimately yielding better profits.  

 Lean is defined by the National Institute of Standards and Technology (NIST) as 

“a systematic approach to identifying and eliminating waste (non-value-added activities) 

through continuous improvement by flowing the product only when the customer needs it 

(called “pull”) in pursuit of perfection”. Lean is not a middle ground but an ongoing 

process which requires continuous effort, the goal of which is to attain quality and status 

on par with world standards (Tapping & Shuker, 2003). Continuous improvement 

through elimination of waste is the foundation of Lean (Ritsch, 2006). Waste is defined, 

by Ritsch (2006) as, “anything that does not add customer value.” Lean is delivering the 

customers‟ what they want with minimum use of resources such as equipment, time, 

space and human effort resulting in the least amount of waste generated (Womack & 

Jones, 1996). For an organization, proper implementation of Lean can increase an 

organization‟s competency and long term sustainability (Tapping & Shuker, 1996); the 

opposite of which may prove to be detrimental to the firm. 
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 Waste is just the symptom of problems and not the problem itself. Determining 

and realizing the cause for waste through lean tools and techniques is Lean problem 

solving (Sarkar, 2008). Eliminating waste in terms of time and effort is the aim of Lean 

engineering, taking into account the customer perceptions (Thilmany, 2005).  

 Activities are of three types: value added (customers are willing to pay), business 

value-added (customers not willing to pay but necessary for business) and my focus, non-

value added (customers are not willing to pay and should be eliminated), (Sarkar, 2008).  

Shigeo Shingo identified seven types of waste (muda) as a part of the Toyota production 

system and they are waste of over production, waste of defects, waste of unnecessary 

inventory, waste of inappropriate processing, waste of excessive transportation, waste of 

waiting, and waste of unnecessary motion (Hines & Taylor, 2000). 

1.2 Problem Statement 

  The economic downturn has limited the spending power of companies, pushing 

them to look for cost reducing options while concurrently satisfying customers‟ 

expectations (Johnston, 2009). As a result companies are moving from mass production 

(assembly line) towards making their facilities more lean, thereby ensuring higher 

quality, responsiveness, and flexibility. The move has enabled organizations to achieve 

higher productivity (Kiler, 1993). Womack, Jones, and Roos in their book, “The machine 

that changed the world” (1993), argue “that lean production combines the advantage of 

craft and mass production, while avoiding the high cost of craft production and the 

rigidity of mass production”.  
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 Bell (1999) explained how Lean can improve bottom-line, employee 

performance, and can reduce inefficiencies in the service industry if things are always 

done right the first time. Womack et al., explained how Lean can also help in, “designing, 

leadership, teamwork, communication, coordinating the supply chain, and dealing with 

customers.” 

1.2.1 Research Problem Statement 

 The application of Lean concepts in improving a food service in a state university 

has not been attempted. Although lean has been used in the service industry, the 

applicability of Lean concepts and results pertaining to such applications have not been 

reported. 

This research will use Lean principles in improving three dimensions of a food service 

organization in a University setting. The three dimensions are: 

1. Wastes: The major wastes considered are food wastes. In order to apply Lean 

principles the food wastes considered in this research are classified under unnecessary 

inventory. Unnecessary inventory is one of the seven wastes or muda described by 

Shiego Shingo. The objective as related to wastes will be reducing them.             

2. Labor Costs: Labor costs considered in this research are direct hourly costs for 

full-time and part-time employees working at the facility. Other perks and allowances are 

not considered for the purpose of this research. The objective as related to labor costs will 

be to reduce costs. 

3. Productivity: Productivity used in this research is partial productivity as only a 

portion of the entire food service organization is taken into account in calculating 
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productivity. The inputs taken are labor costs. The outputs observed will be customers 

served per hour and revenues based on net sales. Partial productivities are calculated as a 

ratio of output over inputs.         

                                                                                                                                                                                                                                                                                       

1.3. Research Questions and Objectives 

 The research questions and objectives are set up commensurate with the 

hypotheses. The questions and objectives aim at finding the applicability of Lean 

principles to a food service operation in a public university setting.  

1.3.1 Research Questions 

 Can Lean principles be successfully applied to reduce waste in a food service 

operation in a public University setting?   

Can Lean principles be successfully applied to reduce labor costs in a food service 

operation in a public University setting?   

Can lean principles be successfully applied to improve productivity in a food service 

operation in a public University setting?   

1.3.2 Research Objectives 

 To observe and record the amounts of food wasted before and after implementing 

Lean principles to a food service operation. 

To observe and record the labor costs incurred before and after implementing Lean 

principles to a food service operation. 
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To observe and record the change in productivity, measured as a ratio of outputs over 

inputs, before and after implementing Lean principles to a food service operation. 

The aforementioned measurements would be indicators of change in food wastes, labor 

costs, and productivity so as to test the hypotheses mentioned in the next section. 

1.4. General Hypotheses 

 1. After implementing Lean, food waste will be lower than before the 

implementation. 

2. After implementing Lean, labor costs will be lower than before the implementation. 

 3. After implementing Lean, partial productivity will be improved.   

1.5 Research Approach 

 The research approach consists of performing a 5S audit at Sam‟s West facility. 

Upon completion of the audit a current state and a desired future state maps will be 

constructed. A gap analysis will be performed to identify the direction to be taken in 

order to achieve the future state from the current state. Based on the gap analysis various 

Lean principles will be used in order to improve the three dimensions mentioned in the 

research objectives. After implementation, a 5S audit will be performed to measure and 

quantify the differences and improvements. The two 5S audit data will provide the means 

to test the hypotheses proposed in this research. 
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1.6 Premises and Delimitations 

 The observations and measurements are limited to a single university and a single 

food service operation within that University. Therefore, the results may not be reflective 

of food services across all state universities. However, with one of the largest food 

service operation in the country, the results can function as a good representation for 

other universities‟ food service operations. 
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Chapter 2 

       Literature Review 

2.1 History of Lean 

 Following World War II, Toyoda Kiichiro, the president of Toyota Motor 

Company then, had the vision to, “Catch up with America in three years,” failing which, 

he predicted, the Japanese Auto Industry would not survive (Ohno, 1990). After World 

War II, Toyota realized that continuous innovation and improvements would place them 

apart from other manufactures. In 1930, Kiichiro Toyoda, Taiichi Ohno and others at 

Toyota observed the people demanded more variety and observed Ford Motor Company 

losing their way in meeting customer demands with their flow production process. 

Toyota modified the Ford flow process and invented the Toyota Production System 

(TPS) (Lean Enterprise Institute, 2009). TPS was a system developed by Taiichi Ohno, 

Shigeo Shingo, and Eiji Toyoda between 1948 and 1977, but Taiichi Ohno has been 

identified as the father of TPS (Davies, 2009). However, the oil shortage of 1973 was the 

event responsible for the proliferation of Lean in Japanese industries (Ohno, 1988).  

Smaller lot sizes and continuous flow of products are the main premises of Lean, attained 

by: 

 Just-in-time 

 Autonomation, or automation with a human touch.  

Just-in-time insures the right parts are at the right place in process flow and in the right 

amount, resulting in zero inventories. Autonomation is the process of having all the 

machines operates with a human part - which is operating by touch and an automatic 



Texas Tech University, Senthilkumar Velusamy, 2011 

9 

 

stopping device. The two part system was standard in all Toyota plants establishing a 

fool-proof or baka-yoke system. In modern time the term became poka-yoke in order to 

mean mistake-proof, which was considered more politically correct. (Ohno, 1990). 

  Toyota became the pioneer of the Toyota production system and eventually 

became the more generic Lean Production System; a term introduced by Womack, Roos, 

and Jones in 1990. The lean ideology and framework were made famous by the book 

“The Machine that Changed the World,” wherein comparisons between the Japanese and 

Western automakers threw light on the difference in operations (McDonald et al., 2002). 

The United States started adapting lean in its businesses in the middle 1980‟s (Thilmany, 

2005), and the successful implementation has been illustrated in works of James 

Womack, Daniel Jones, Anand Sharma, Patricia Moody, Rajan Suri, and Michael 

George. 

2.2 Traditional process improvement vs. Lean improvement 

        Traditional process improvement approach concentrated on individual processes – 

trying to identify the value added processes and improve cycle time in order to make 

improvements to that particular process. On the other hand Lean concentrates on 

improving processes by reducing the non value added activities thereby contributing to 

the improvement in value added processes.  

2.3 Lean in Manufacturing 

  Lean manufacturing relies on pull production wherein production is pulled by 

demand from downstream activities. Traditional manufacturing, on the contrary, was 
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based on a push strategy where production is pushed from upstream based on a demand 

forecast. Lean therefore could tackle uncertainties in demand better than a traditional 

system. Moreover, Lean is a scientific method of improving quality, reducing non –value 

added activities, reduce cycle times, and eliminate (or at least reduce) wastes (Pattanaik 

& Sharma, 2008).  

2.4 Lean beyond manufacturing 

 Today the concept of Lean has crossed boundaries (Johnston, 2009), and gone 

beyond the realms of just the manufacturing industries. Adapting the success of Lean in 

manufacturing, Lean concepts are applied in other organizations (Barber & Tietje, 2008). 

Service organizations also started using Lean in their operations (Sarkar, 2008). Works of 

Roger Hallowell (1996) shows the role of Lean in Southwest Airlines. Lean has been 

successfully implemented in the U.S.A. by United Postal Service (UPS), Federal Express 

(FedEx), healthcare, commercial food services, and financial services (Aherne, 2007).  

2.5 Wastes 

  As mentioned earlier, Shigeo Shingo found seven wastes as part of the Toyota 

production system. 

1) Over-production: 

 Overproduction is producing a good or product when it is not needed or 

manufacturing “Just-in-Case.” TPS relies on just-in-time (JIT) where a part is not 

manufactured unless it is required. Just-in-case disrupts the flow of goods and 

information which results in lower productivity and quality. Defects are hard to identify 
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and takes time to identify making the process inefficient. Overproduction causes 

excessive work-in-progress which leads to damage to the parts and sometimes 

misplacement. 

2) Waiting: 

 The ineffective use of time wherein the flow of goods is delayed results in the 

waste of waiting. In a more general setting Hines et al. (2000), define this waste as, 

“Long periods of inactivity for people, information or goods, resulting in poor flow and 

long lead times”. Therefore, the best situation is a constant flow of goods or information, 

without any waiting time, is maintained. 

3) Transport: 

 Transportation means movement of goods, information, and people. Excessive 

movement causes chaos and leads to wasting time, and energy. Longer transportation also 

results in loss of quality, damage and distortion of goods and information. The absence of 

transportation is not possible; therefore this waste should be minimized as opposed to 

other wastes that have to be eliminated.   

4) Inappropriate processing: 

 Inappropriate processing occurs due to over-complication of methods and 

solutions to simple problems. This waste occurs when wrong tools and methods are 

applied in solving a problem making it more complex than the initial simple problem. 

The use of complex solutions introduces confusion and discourages employees. 

Moreover, the flow of goods and information may also be affected due to the complex 

systems in place. The best way to eliminate this waste is to find simple solutions and 
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break down the operations into smaller units. In addition fail-safe operations and 

procedures have to be implemented. 

5) Unnecessary inventory: 

 Unnecessary inventory is excessive storage of goods. Excess information storage 

and delay of information also contribute to unnecessary inventory. The results are 

increased lead times, difficulty in identifying defects, and waste of time and money.  

Higher inventories convert to higher holding costs that result in overall increase in the 

cost of production or service. Unnecessary inventory has to be identified and eliminated 

in order to ensure proper flow of products and information. 

6) Unnecessary movements: 

 Unnecessary movements stem from ineffective workplace organization. Excessive 

movements like employees stretching, and bending causes fatigue; fatigue results in loss 

of focus and allows quality to drop down. The workplace has to be designed 

ergonomically in order to eliminate this waste. 

7) Defects: 

 Defects are errors and quality problems. Defects are considered as opportunities 

for improvement, by the Toyota Production System.  

2.6 Lean tools 

 Womack & Jones (1996) stated that an organization striving to be lean will try to 

have zero inventories, zero defects, zero lead time, lot size of one, and minimum costs. In 

order to achieve the aforementioned organizations will have to use certain tools that 

would identify and address problems. The various lean tools are as follows: 



Texas Tech University, Senthilkumar Velusamy, 2011 

13 

 

2.6.1 5S and Visual controls 

 5S and visual controls are often the first tools used because they offer immediate 

gains and make it easier to identify other improvements. Joyce Durham and Ritchey 

(2009) report that “Before implementing any change or planning for a new facility, the 

lean approach starts with cleaning up the existing workplace using a “5S" tool.”  

SORT (Seiri) 

 The first stage of 5S is to organize the work area, leaving only the tools and 

materials necessary to perform daily activities. “When sorting is well implemented 

communication between workers is improved and product quality, and productivity are 

increased,” (Don Kivell, 2010). 

SET IN ORDER (Seiton) 

 The second stage of 5S is the arrangement of items in the right place. Placing the 

needed items in the right place in an orderly fashion is Seiton (Don Kivell, 2010). 

SHINE (Seiso) 

 The third stage of 5S is keeping the place and the items swept and clean. The 

work area is safer and problem identification becomes easily identifiable (Don Kivell, 

2010).  

STANDARDIZE (Seiketsu) 

 The fourth stage of 5S involves keeping up the system and constantly following 

the first three S‟s mentioned above (Don Kivell, 2010). 
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SUSTAIN (Shitsuke) 

 The last stage of 5S is management‟s commitment and discipline in implementing 

5S and sustaining it in the long run. Discipline and patience is needed from the part of the 

management in order to permeate the philosophy of 5S to the bottom-most level of the 

organizational hierarchy (Don Kivell, 2010). 

2.6.2 Kaizen 

 Kaizen is the philosophy of continuous improvement and is usually the first step 

in all lean implementation efforts (Ortiz, 2006). Kaizen events are structured 

implementation efforts that focus on continuous improvement. These events are usually 

conducted as a cross-functional team effort aimed at achieving specific goals 

concentrated on a specific area in the organization (Letens, Farris, & Van Aken, 2006).  

2.6.3 Policy Deployment 

            Process deployment is the process of understanding and addressing business 

needs, and enhancing worker ability in order to deploy a philosophy that promotes quality 

and customer satisfaction as the main characteristics (Akai, 1991). The philosophies of 

the company are deployed in a top-down approach and to make sure that each level is 

aligned to the organization‟s goal and the yearly objectives. The company uses this 

method to identify and allocate resources in a timely manner in order to move towards 

the goal. This system consists of the following: the plan, do, check, and act cycle, 

nemawashi, catchball, the control department concept, and A3 thinking. 



Texas Tech University, Senthilkumar Velusamy, 2011 

15 

 

Plan, Do, Check & Act (PDCA): 

             PDCA consists of the Plan, Do, Check, and Act stages, where management can 

identify the problems, do improvements, check and evaluate the results of the 

improvements and act (create flow) in order to share and communicate the result and 

countermeasures to others, as shown in Figure 1. An important part of PDCA is visual 

inspection. In addition documentation of the processes and the improvements has to be 

included in reports and conveyed to the employees (Akai, 1988). 

 

Figure 1  Creating Flow and PDCA (Liker, 2004) 

                                                                 
Nemawashi or Change by Consensus  

       “This word translates “to prepare a tree for planting,” which means nemawashi is the 

process of building for alignment,” (Liker, 2004).  The nemawashi process involves 

obtaining inputs from many people and generates a consensus in considering alternatives. 

Once the group reaches a consensus on the best alternative, the decision is implemented 

rapidly. The consensus is generated and sent to the management where the final approval 

is issued and the corrective measure it (Liker, 2004). 
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Catchball  

             Catchball is a process of obtaining consensus among the different management 

levels in planning to implement a new decision. The catchball process is indicated with a 

double headed arrow in order to represent the two way communication among the 

different levels managements in obtaining consensus. Catchball can and may be used as a 

tool to obtain consensus in the nemawashi process which would further enhance policy 

deployment (Akai, 1988).   

Cross Functional Management  

             Cross Functional Management concept proposes that different company focus 

areas such as productivity, quality, cost, and safety work as cross-functional teams in 

order to take the company towards a common collective goal. The cross functional teams 

helps the individual departments to put together the individual Policy Deployment Plans 

that can be combined into the policy deployment plan for the company as a whole (Akai, 

1991). 

A3 Problem Solving  

             A3 reports help in documenting kaizen events in a company and were used first 

by Toyota. A3 reports can be classified into four types (Liker, 2004): 

 „hoshin planning A3‟ – documentation of plan summaries 

 „problem solving A3‟ – documentation of identified problems and corresponding 

corrective actions  
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 „proposal A3‟ – documentation of new ideas  

 „current status A3‟ – documentation of the current status of operations used to 

summarize  

2.6.4 Visual Management   

            “The goal of visual management is to create a work environment that is self-

explaining, self-ordering, and self-improving” (Grief, 1995). This type of organization 

helps employees identify problems readily and implement corrective actions rapidly.   

2.6.5 Kanban 

 Kanban is a pull system and Kanban translates to card in Japansese (Araz, Eski, & 

Araz, 2008). The system utilizes cards in order to regulate flow of material between 

stations (Araz, Eski, & Araz, 2008). Kanban system helps production systems in being 

“pulled” for external demand rather than being “pushed” through the system in order to 

satisfy a forecasted demand. This mechanism allows for the system to be Just-in-Time 

(JIT). The cards travel upstream with demand information and downstream with 

production information (Al-Tahat & Mukattash, 2006). There are three types of Kanban 

(Monden, 1993): 

 Withdrawal Kanban: indicates product withdrawal by the next process 

 Prodcuction Ordering Kanban: indicates production quantities for a preceding 

workstation 

 Supplier Kanban: indicates withdrawals from a supplier 
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2.6.6 Spaghetti Diagrams  

 Spaghetti diagrams follows the path of a product as it moves on the factory floor. 

They can also map paths of information and service flow. The namesake is the fact that, 

“In a mass production system the product‟s path typically looks like a plate of spaghetti,” 

(Womack & Jones, 1996).  These diagrams are useful in providing information on the 

flow paths but fail to provide the detail rendered by Value Stream Mapping. 

2.6.7 Value Stream Mapping (VSM) 

 Toyota‟s material and information flow diagrams were predecessors to VSM 

(Manos, 2006). VSM started to be used in the North America, in particular the United 

States, in the 1990s following the publications of “The Machine that Changed the 

World,” and “Lean Manufacturing;” two books, written by Womack et al.,  that were 

instrumental in introducing Lean thinking (Lovelle, 2002). VSM, according to Rother and 

Shook (2003), is a simple pencil-and-paper tool that provides visual understanding of the 

flow of material and information along with the flow of products in the value stream. The 

activities enabling the flow of material and information in order to create valuable 

products include value added and non-value added activities. VSM documentation 

functions as a tool to provide strategic direction enhancing the switch towards a lean 

system. VSM continuously identifies areas of improvement in order to enhance value, 

eliminate waste, and improve value stream flow (Keyte & Locher, 2004). James Womack 

and Daniel Jones in their book, “Lean Thinking” (1996) defined value stream as, “The set 

of all specific action required to bring a specific product through the three critical 

management tasks of any business: 
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1. Problem solving (e.g., design) 

2.  Information management (e.g., order processing) 

3. Physical transformation (e.g., converting raw materials to finished products).” 

 VSM can show the big picture view of all the processes, not only the individual 

processes, which helps in identifying the wastes, effectively. VSM is a unique tool that 

helps form the basis for Lean implementation by combining the concepts and methods of 

implementation. VSM provides the overall vision for closing the gap between the current 

and future (better) states of the flow processes.   

Rother & shook (2003) defined the step by step approach for VSM. They are:  

 Identifying and selecting a product family 

 Appointing a value-stream manager 

 Using the mapping tool 

 Constructing the current-state map by considering both the material and 

information flow 

 Constructing the future-state map 

 Achieving the future state 

The following icons are used in VSM technique: 
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Transfer of controlled quantities of material in a “First-In-First-Out”                             

sequence        

Figure 2 Material Icons (Rother & Shook, 2003). 
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Manual Information flow           Electronic Information flow    Information 

 

Production Kanaban                           Signal Kanban        Withdrawal Kanaban 

     

Sequence-pull Ball                       Kanban Post                       Load Leveling 

                                              

“Go see” production scheduling       Buffer or Safety stock              Operator 

                                                                                    

Figure 3 Information Icons (Rother & Shook, 2003). 

            The purpose of value-stream mapping is to highlight sources of waste and 

eliminate them by implementation of a future-state value stream. The goal is to build a 

chain of production in which the individual process are connected together as close as 
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possible and connected to the customers with a continuous flow of process and providing 

them according to their need. 

 Most useful aid for helping people draw future-state maps is the following list of 

questions: 

1) Calculate the takt time? 

“Takt time is the pace of production. For a given product line this pace is determined by 

dividing the allowable time in the production shift by the average production volume” 

(Engineering & Technology 2009). 

2) Is the production based on the finished good supermarkets which is based on the 

customer pull or based on the shipping? 

3)  Is there a place where continuous flow process can be applied? 

4) Is there a place where the supermarket pull system should be applied? 

5) Is the production Schedule based on which single point in the production chain? 

6) Is there a way to level the production mix during the pacemaker process? 

 A Pacemaker is a process in the Value Stream that sets the pace for the rest of the 

line acting as the “pull” point. In production lines, pacemaker is usually the last process 

of the line such that the pull line follows pace with the external demand and 

overproduction is avoided (Yu, Tweed, Al-Husssein, & Nasseri, 2009). 

7) Is there an increment of work to be released at the pace maker process? 
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8) What process improvement is necessary based on the future-state design? 

             Future state map can be designed by putting these questions into act and 

implementation can be done in step by step process using the future state map 

(McDonald, Van Aken, & Rentes, 2002). 

2.7 Productivity and Sumanth 

 Sumanth (1998) predicted that, “The second half of the 1990s and the first decade 

of the 21st century will see a balanced approach to managing three strategic variables: 

quality, technology, and total productivity” (Sumanth, 1998 pg. ix). Traditional 

productivity concept was based on labor productivity rather than the total productivity 

approach. The need to balance the three variables however has shifted the paradigm 

towards Total Productivity Management (TPM).  

 Dr. David J. Sumanth‟s book, “Productivity Engineering and Management” has 

been used as a guideline by various organizations in countries all over the globe to focus 

on the Total Productivity Management thinking.  

 Sumanth introduced the TPM concept in 1981 based on the productivity cycle 

developed in 1979. The productivity cycle forms the core of the TPM framework with 

four ongoing activities: productivity measurement, productivity evaluation, productivity 

planning, and productivity improvement (Sumanth, 1984). 

 Sumanth defined total productivity as, “a formal management process that follows 

the four phases of the “productivity cycle”, so as to increase total productivity and to 
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reduce the total unit costs of products or services at the highest quality possible.” 

(Sumanth, 1984) 

 Sumanth took a systemic view of the organization in order to form the framework 

of TPM. While the traditional methods considered individual inputs and outputs to 

calculate productivity (output/input) Sumanth‟s model took into account all the inputs 

and outputs including intangible factors. This overall productivity was termed as 

Comprehensive Total Productivity (CPT). 

 Comprehensive Total Productivity provides the overall picture of the entire 

organization such that improvements are on the system. Sumanth suggests that sometimes 

attention has to be paid to individual divisions or departments. A good starting point 

towards achieving CTP is to understand the system which can be achieved by observing 

the productivity of individual divisions and also understanding the interactions among the 

divisions revealing the underlying structure. This is the basic approach followed in this 

research. Hospitality service at TTU is a complex system and considering the entire 

University system makes it more complex. In order to understand the complexity, Sam‟s 

West is taken as a starting point. With Sam‟s West as a starting point CTP cannot be 

considered and Partial Productivity approach would be followed. Sumanth defines Partial 

Productivity as “Partial Productivity is the ratio of output to one class of input”.   

 In the case of this research the major partial productivity measures considered is 

labor productivity. Labor productivity would be expressed in terms of output per man-

hour input. The improvement of labor productivity after implementation of lean 

principles will be included as a hypothesis and tested statistically. 
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Chapter 3 

Methodology 

3.1 Introduction 

 This research analyzes the processes in Food Services at a state university. Sam‟s 

West, a part of Texas Tech University‟s hospitality services will be selected as a 

representative case for implementing Lean principles in order to improve process flow 

and reduce wastes.  Sam‟s West is a restaurant/dinning place within the Texas Tech 

University with 149 employees and with a capacity of serving almost 1500 customers in a 

day. During the discussion, analysis of the balance sheet, income statement and cash flow 

statements revealed potential overruns with labor related costs.  

 Sam‟s West in total has eight food lines that includes Asian line, Burger line, 

Mexican line, Pizza line, Salads, Smoothies, Quzinos, and Chick Fil-A. In this, Chick Fil-

A and Quiznos are corporate franchises and they would not accept changes in their basic 

processes and procedures. The salads and the smoothie line contribute less than 10% of 

the total sales of the store. Therefore, Asian line, Burger line, Mexican line, and Pizza 

line were considered for the study.  This chapter will explain the methodology that was 

followed in observing and implementing Lean principles in process improvement at 

Sam‟s West. 
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3.2 Area Selection 

 A discussion was arranged with the General Manager of Texas Tech University 

Hospitality Services. It was decided to concentrate on the area of labor costs, wastes, or 

partial productivity. It was projected that labor costs and waste will be reduced and 

partial productivity improved using lean principles. 

3.3 Team Selection 

 Team selection was crucial in implementing an improvement project in hospitality 

services. The general manager wanted the project to begin with Sam‟s West, the biggest 

operation of Texas Tech University‟s Hospitality Services. The team was helpful in 

assisting with the improvement projects that were to be implemented in the 

restaurant/dining place. Therefore, it was decided to carefully select individuals at a 

managerial level at Sam‟s West in order to assist in any changes made to the facilities 

operation. Including employees from the dining place helped in communicating and 

implementing changes in the store with the support and cooperation of the employees. 

Employee involvement was of key importance to implementing any lean principle and 

hence, team selection was given the utmost importance in the beginning of the process. 

With these criteria in mind, the members were selected. The members of the team are 

shown in Figure 4. 

3.4 Current State Map 

 A current state map is a snapshot view of the current activities in any process 

flow. The current state map for Sam‟s West, shown in Appendix A, describes the flow of 
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materials, number of employees required at the station, and the flow of information. The 

current state map serve as the process flow diagram upon which the future state was 

developed based on the team‟s input. The current state map was helpful in identifying 

wastes and point towards the places where improvements were to be concentrated. The 

current value stream, the value adding activities and the non value adding wastes were 

identified which helped in visualizing a future state value stream. 

3.5 Visualization – Future State Map 

 The current state map constructed in the previous step was used to visualize the 

future state map. The current state map helped in identifying wastes and areas that 

required improvement. Employees‟ input, supervisors‟ input, and the team‟s suggestions 

were used in concurrence with the current state map to visualize the future state map. 

Once the future state map, shown in Appendix B, was visualized, a gap analysis was 

conducted. The gap analysis revealed areas of possible improvement in the process flow 

between the current and future states.  

 

 

Figure 4  Team 
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3.6 Tool Selection 

 The wastes and gap analysis identified the tools that were used to reach the future 

state. Based on the wastes identified by the current state map, the matrix used by Inanjai 

(2009) was used to select the appropriate tool. The matrix that correlates the wastes to 

uses is shown (obtained from Inanjai, 2009) in Figure5. From the current state map, it 

was found that the major wastes were setup time, unneeded motion, raw material 

inventory, and work in progress. From Figure 5, JIT, 5s, and visual control are the Lean 

tools which have high correlation with the above mentioned wastes and these tools which 

were well understood by the team. Based on Figure 5 and the team comfort level the 

Lean tools selected were JIT, 5S, and visual control. 

3.7 5S audit 

 5s audit was performed before and after Lean implementation. The 5s audit score 

sheet presented a clear picture of the implementation process. The audit sheet had 20 

questions and each question have a score range of one or zero. Difference in the score 

before and after the implementation provided a clear picture of the improvement process. 

The 5s audit sheet is shown in Appendix C. 

3.8 Future State Map Implementation 

 Once the tools for implementing the future state map were identified, the 

implementation process was distributed among the team based on their area of expertise, 

and experience. Once the future state implementation was completed an audit of the 

operation was conducted in order to measure the success of the implementation. A 
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current state map in the future were constructed to compare the two current state maps 

and identify how the improvement projects and lean principles had helped in moving 

towards the required results as envisioned by the General Manager during the initial 

meeting.

 

Figure 5 Tools and waste mapping (Inanjai, 2009) 

3.9 Testable Hypotheses 

Hypothesis 1:  After implementing Lean, the food waste will be lower than before the 

implementation. 

H0 : FWO = FWN 
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H1: FWO > FWN 

Where, 

FWO – Food Waste before implementing lean, and  

FWN – Food Waste after implementing lean 

 

Hypothesis 2: After implementing lean, the labor costs will be lower than before the 

implementation. 

H0: LCO = LCN 

H1: LCO > LCN 

Where, 

LCO – Labor Cost before implementing lean, and  

LCN – Labor Cost after implementing lean 

An important concern with the result of Hypothesis 2 is the effect of lower sales on lower 

labor costs. Although, it is true that there will be some effect of lower sales on labor 

costs, comparison of sales data with labor cost, and percentage of labor on sales before 

and implementation will be calculated to prove the impact of lean on labor cost reduction.  

Hypothesis 3: After implementing lean, the partial productivity will be improved.   

H0: PPN = PPO  

H1: PPN > PPO 

Where, 



Texas Tech University, Senthilkumar Velusamy, 2011 

31 

 

PPO – Partial Productivity before implementing lean, and  

PPN – Partial Productivity after implementing lean 

 

Hypotheses were tested using data from income statements, balance sheets and cash flow 

furnished by Sam‟s west. 5s audit also helped to test the hypothesis.
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Chapter 4 

 Results and Analysis 

4.1 Introduction 

 Sam‟s West is a restaurant/dinning place within Texas Tech University with 149 

employees and with a capacity of serving almost 1500 customers in a day. The discussion 

with Sam‟s West management, analysis of the balance sheet, income statement and cash 

flow statements revealed potential overruns with labor related costs and inventory related 

wastes. Therefore, the main aim of this study was to reduce food wastes as supported by 

Hypothesis 1 and reduce Labor Costs as proposed in Hypothesis 2. A discussion was 

arranged with the General Manager of Texas Tech University Hospitality Services. It was 

decided to concentrate on the area of labor cost based partial productivity- another area 

with potential room for improvement. It was projected that labor costs would be cut and 

waste reduced using lean principles. 

 In order to successfully implement Lean principles in reducing wastes, labor 

costs, and improving productivity the role of the team was very important. The team was 

helpful in assisting with the improvement projects that were implemented in the 

restaurant/dining place. Therefore, it was decided to carefully select individuals in the 

managerial level at Sam‟s West in order to assist in any changes made to the facilities 

operation. Including employees from the dining place helped in communicating and 

implementing changes in the store. The team was selected as explained in Chapter 3, and 

utilized to implement Lean at Sam‟s West. 
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 The current state map, introduced in Chapter 3 and shown in Appendix A, was the 

starting point to identify potential improvement areas. The current state map for Sam‟s 

West describes the flow of materials, number of employees required at the station, and 

the flow of information. The current state map served as the process flow diagram upon 

which the future state was decided based on the team‟s input. The current state map was 

helpful in identifying wastes and pointed towards the places where improvements can be 

concentrated. The current value stream, the value adding activities and the non value 

adding wastes were identified which helped in visualizing a future state value stream 

explained later in this Chapter. 

 With the current state map as a starting point, a future state map was visualized. A 

gap analysis was performed to decide the best methodology to get to the future state. 

Different Lean principles like 5S, JIT, and Visual Control were selected, based on the 

matrix introduced in Chapter 3. The food wastes, labor costs, and partial productivity 

were observed before and after implementation and used in testing and validating the 

three hypotheses proposed in Chapter 3. 

 The future state map, shown in Appendix B was formed by removing some of the 

major non-value added activities performed during value-added time. Meat processing- 

cooking and packing - was a non-value added activity that was performed every morning 

for two hours in order to prepare meat for the next eight hours of operation. In the 

improvement process, the meat processing process was moved to the night previous to 

the operation. Meat was now processed during the slower demand times on previous 

nights; the amount of meat is to suffice half a day of operation. The meat was then 
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packed into the respective boxes used during the next day operations. The packed meat 

was enough to serve until after lunch each day after which the demand was slower again. 

This time was used to cook meat for the rest of the day‟s operations such that no idle time 

is wasted; most of the time was value-added. This cycle was followed each day reducing 

the setup time in the morning and the need for extra labor in order to perform the setup. A 

similar procedure was followed with vegetable cutting and packing. Vegetables 

preparation was moved to lower demand times which helped in faster setup and reducing 

non-value added times. In addition moving the vegetable cutting process enabled the 

implementation of First In First Out (FIFO). Since, the vegetables were already packed in 

their respective containers the chances of not using the already stored vegetables were 

lowered. Previously, vegetables were packed in plastic bags the previous nights and the 

chances of bypassing the bags were higher. The reduction in setup time and converting 

non-value added activities to value-added activities helped in reducing labor costs, and 

improved faster customer service. An employee was previously needed to work as back 

up in filling vegetables and meat as they get used. With the implementation of the new 

system that employee was no more needed, and was used for other value added activities. 

Combined with the reduction of non-value added times and implementation of 5S the 

facility was easier to access and keep clean. The cleaner, more accessible work areas 

enabled reduction in service times, and improvement in customer service contributing to 

better productivity. 

 This study was based on three hypotheses, which were be tested and discussed in 

this chapter. The data, as mentioned in Chapter 3, was obtained from the sales data, labor 

cost data, and man hour data as observed at the Sam‟s West dining area. The 5s audit data 
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was based on the 5s audit sheet introduced in Chapter 3. The data used in the analysis 

was obtained from Hospitality Services during the months of February, March and April 

of 2010. February and March 2010 was taken as the basis months and Lean was 

implemented in the month of April 2010. Spring break occurred during the month of 

March reducing effective number of data points to eighteen. Taking February into 

consideration provided a better sample population to perform statistical analysis. Figure 5 

shows the daily sales data for the months before implementation and the month after 

implementation. The sales volume was higher in February, started falling down in March, 

and was even lower in April. The lower points in the figure represent weekend sales, 

where the sales have been lower. The lower sales on the weekends are “seasonal” as 

observed all over the graph. This is a normal occurrence according to Sam‟s West 

management. Sales are always higher at the beginning of the semester and fall as the 

semester progress. However, the number of employees was not changed over the period 

of these three months. April was the month after implementation and this anomaly was 

taken into account when implementing. The number of employees and their work hours 

were adjusted in order to reduce labor costs. In addition the application of Lean principles 

also helped reducing Labor costs after implementation. The Lean operations are ongoing 

at the Hospitality Services; however, the selected months provide an immediate view at 

how much improvement was achieved by implementing Lean. 
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Figure 5  Sales per day Before and After Implementation 

4.2 Hypothesis 1 

Hypothesis 1:  After implementing Lean, the food waste will be lower than before the 

implementation. 

The inventory data center used by the Texas Tech University Hospitality Services was 

upgraded and changed during the study period without my knowledge. An error was 

made and some inventory data were entered on the wrong dates or was under-counted. 

Due to this error, the historical data was inconsistent, and inaccurate. Therefore, this 

hypothesis cannot be tested owing to the lack of accurate historical data. 
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4.3 Hypothesis 2 

Hypothesis 2: After implementing lean, the labor costs will be lower than before the 

implementation. 

 Labor costs before implementation and after implementation can be visually 

observed using a comparative graph as shown in Figure 6. The graph shows that there 

was a definite difference in labor costs before and after implementation. However, a 

statistical test is required to provide proof of the hypothesis, as discussed in the next 

section. 

 

Figure 6 Labor Cost per day Before and After Implementation 
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The hypothesis was tested using a one-tailed t-test. The one-tailed test was used so that 

the alternate hypothesis that labor cost before implementation was lower than the labor 

cost after implementation. Thus the null hypothesis for testing was LCO=LCN and the 

alternate hypothesis is LCO>LCN. The higher the score means higher the labor cost before 

implementing Lean; so LCO>LCN would indicate that labor cost after implementation 

were lower than before implementation. Table 3 shows the t-value and p-value of the 

tested hypothesis. In order to compare different means the standard deviations were 

pooled using the pooled sample variance (Vardenand, & Jobe, 2001) as shown in the 

equation below. 

  
  

         
    

   

   
   
     

 

  
   Pooled sample variance 

   – Number of data points in each combination 

  
   Variance corresponding to the sample 

N - Total number of data points 

 The results of the one-tailed t-test are shown in Table 3. The mean (µ) represent 

the labor costs/day before and after implementation. The standard deviation of the data 

set before and after implementation is represented by σ. The sample population is 

represented by n and the degrees of freedom are represented as DOF. Degree of freedom 

is calculated as n-1. The total degrees of freedom for the t-test was (49-1) + (30-1) = 77. 

The same notations are also used in Hypothesis 3. Sp represents the pooled sample 
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standard deviation obtained from the pooled sample variance discussed earlier. The test 

provides a t-statistic based on which the probability (p) that T > t is obtained.  

Table 1 Hypothesis 2 Test results 

 

Before 
implementatio

n 

After 
implementatio

n 
Sp t p 

µ 3463.65 2969.75 

210.18 15.79 3.23E-24 σ 235.96 158.50 
n 49 30 

DOF 48 29 

  
    

  The p-value is 3.231E-24 which is lower than the alpha of 0.05 for the null hypothesis to 

be true. Therefore the null hypothesis is rejected and the alternate hypothesis is accepted 

at the 95% confidence level. Labor costs were reduced significantly after implementing 

lean principles. The average savings per day were $493.90 which would convert to 

$103,719.00 for a year of seven months and assuming 30 days a month. Summer months 

of June, July, and August, and last months of each term, May and December are excluded 

from the calculation due to closures. 

An important concern with the result of Hypothesis 2 is the effect of lower sales on lower 

labor costs. Although, it is true that there will be some effect of lower sales on labor 

costs, the results here also show an additional factor. Figure 7 shows the comparison of 

sales data and labor costs before and after implementation. In order to make the scale 

comparable, sales data were transformed using ten base logarithms. The sales data was 

transformed as logarithmic sales = log10 (Actual Sales). Similarly, the labor cost was 

transformed using a straight line log transform in order to make the scale comparable to 
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sales. Labor costs were transformed as logarithmic labor cost = 0.5+ log10 (Actual Labor 

Cost). The graph indicates that the difference in sales before and after implementation is 

lower than the difference in labor costs before and after implementation. Difference in 

sales was not the only driver for lower labor costs. The additional variance can be 

attributed to the only other major change that took place during that period, namely, 

implementation of Lean and 5S principles. The figure therefore proves beyond reasonable 

doubt that the change in labor costs has been furthered by implementation of Lean 

principles. 

 

Figure 7 Comparison of Sales and labor Costs Before and After Implementation 
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points on the graph, are due to lower number of stations operating on weekends. Lower 

number of stations requires lower employees and in addition most of the employees are 

student employees whose per hour salaries are lower than the full time employees 

working on weekdays. This clearly shows that the results showing reduction in labor 

costs are not affected by the volume of sales. Irrespective of the volume of sales there has 

been reduction in labor costs after implementation of Lean principles. 

 

Figure 8  Percentage of Labor on sales Before and After Implementation for Spring 
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to reduce labor costs and improve productivity. The results are further supported by 5S 

audits conducted before and after implementation, as discussed in the next section.  

In addition to the above testing, percentage of labor on sales was compared between fall 

2009 and fall 2010. Fall 2009 is considered before implementation and fall 2010 is after 

implementation of Lean principles. The data would show the difference, as in Figure 9, in 

percentage of labor on sales before and after implementation compared at the same time a 

year apart.  

 

Figure 9  Percentage of Labor on Sales Before and After Implementation for Fall 
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implementing Lean principles has reduced the percentage of labor costs compared for the 

same months in 2009 and 2010. 

4.4 Hypothesis 3 

 Hypothesis 3: After implementing lean, the partial productivity will be improved. 

Partial Productivity before implementation and after implementation can be visually 

observed using a comparative graph as shown in Figure 10. The graph shows that there 

was a definite difference in partial productivity before and after implementation. The 

only time the before implementation productivity was over 0.8 was on a weekend. The 

effect is due to lower utilization of labor during weekends, when the demand is lower and 

lower number of stations is operating. However, a statistical test is required to provide 

proof of the hypothesis, as discussed in the next section.  

  

Figure 10  Partial Productivity Index per Day Before and After Implementation for Spring 
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 This hypothesis was tested using a one-tailed t-test. The one-tailed test was used 

so that the alternate hypothesis that partial productivity before implementation was lower 

than the partial productivity after implementation. Thus the null hypothesis for testing 

was PPN = PPO and the alternate hypothesis is PPN > PPO. The higher the score means 

higher the partial productivity after implementing Lean; so PPN > PPO would indicate that 

partial productivity after implementation was higher than before implementation. The 

pooled sample variance was used once again. The partial productivity used in the 

calculations was calculated as the ratio of customers served per day over the labor costs 

for the same day. The data revealed that the number of customers were lower in the 

month of April as compared to March. The after implementation period was during April; 

however, due to lower labor costs it is hypothesized that the partial productivity would 

have improved. The results of the t-test are shown in Table 4. 

Table 2 Hypothesis 3 test results 

 
Before  

Implementation 
After 

 Implementation Sp t p 

µ 0.769 0.932 

0.045 15.56 8.779 E-26 σ 0.047 0.043 
n 49 30 

DOF 48 29 
  

The p-value is 8.779 E-26 which is lower than the alpha 0.05 for the null hypothesis to be 

proven. Therefore the null hypothesis is rejected and the alternate hypothesis is accepted 

at the 95% confidence level. Partial productivity was improved significantly after 

implementing lean principles. The partial productivity index improved after 

implementation; however lower than a desired value greater than one (1). The lower 
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value is due to some Just-in-case activities that have increased the staffing requirement 

more than the required output. The higher staff number is to cushion any effects of 

uncertainties and Just-in-time has not been completely integrated within the system. 

               In addition to the above testing, hypothesis 3 was also tested using data from 

Fall 2009, and Fall 2010. Fall 2009 is considered before implementation and Fall 2010 is 

after implementation of Lean principles. The data would show the difference in partial 

productivity compared at the same time a year apart. Table 5 shows the results of the t-

test, following the same procedure used to test Hypothesis 3 before. The results show a 

big improvement in productivity between Fall 2009 and Fall 2010. The implementation 

of Lean principles has improved the performance and productivity of Sam‟s West 

operation. 

 Table 3 Hypothesis 3 – comparison of fall productivity measures 

 Before After Sp t p 
µ 0.685813 0.888385 

0.005305 147.8987 9.247E-77 σ 0.005305 0.005305 
n 30 30 

DOF 29 29 
 

Partial Productivity before implementation and after implementation can be visually 

observed using a comparative graph as shown in Figure 11. The graph shows that there 

was a definite difference in partial productivity before and after implementation.  
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Figure 11  Partial Productivity Index Per Day Before and After Implementation for Fall 

4.5 5S Audit 

 The 5S audit sheet shown in Appendix C was used to quantify each element of 5S 

before and after implementation. Each element was measured using four questions whose 

answer can either be 0 or 1. The before and after implementation 5S audit sheets are 

shown in Appendix D. The responses were consolidated by each element and shown in 

Table 4. 
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Table 4 5s audit 

5S Element 
Before 

Implementation 
After 

Implementation 
Maximum 

Score Possible 

Sort 0 4 4 

Set-in-order 0 3 4 

Shine 1 4 4 

Standardize 1 3 4 

Sustain 0 3 4 

Total 2 17 20 

 

The before implementation 5S audit clearly indicated as lack of 5S principles being 

applied. A score of 1 on shine is due to the employees constantly keeping the cabinets 

clean. However, all the other areas indicate room for improvement. 

 A 5S audit was also conducted after the implementation and a total score of 17 

out of the maximum 20 was obtained. The score on Set-in-order is 3 as the equipments 

were still not labeled. The equipments were initially labeled and the labels tear off 

quickly owing to heat and cleaning. Replacement of labels was not done and this was 

reflected during the time of the audit. The score on Standardize is 3 due to lack of 

cleaning plan. The supervisor present manages a Just-in-Time schedule on cleaning. The 

supervisor issues orders for cleaning based on the number of employees available and the 

number of customers being served. The score on Sustain is 3 as weekly audits are not 

performed. The supervisors and employees are temporary and constantly change between 

weeks. The supervisor is responsible for weekly audits, but due to lack of competency in 
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Lean and constant shifting among other Hospitality Services facility a weekly audit was 

not possible.  The 5S audit before and after implementation shows a clear improvement 

and this was one of the main reasons for reduction in overall costs and improvement in 

productivity. A cleaner, more organized workplace made it easier for the employees to 

serve customers better and faster improving the productivity. The improvement in 

productivity was proved using Hypothesis 3.  

 However, there is still some room for improvement in labeling equipments, 

making cleaning schedules and performing weekly audits. These steps will further ensure 

that the implementation is sustained and can provide long term gains instead of short term 

profits.  
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Chapter 5 

Conclusions and Discussions 

 

5.1 Introduction 

 The purpose of the study was to implement lean principles and observe the 

differences in food wastes, labor costs, and partial productivity before and after 

implementation. The three factors were tested using three hypotheses. Hypothesis 1 

corresponding to Food Wastes could not be tested due to lack of accurate data. The other 

two hypotheses were tested and the results and inferences will be explained in this 

Chapter. This was one of the first times that such a study was conducted in a Food 

Service setup at a state University. The results provided here can be used as a starting 

point for other such Food Services to implement Lean principles in their operations such 

that costs will be driven down, and productivity will be improved. 

5.2 Results from the Hypotheses 

 Hypothesis 1 could not be verified due to lack of accurate and reliable data. There 

was a data center switch during that time which caused an error in the data. Although 

visual inspection showed reduction in food wastes after the implementation of Lean 

principles, there was no statistical proof of the fact. Applying Lean principles does help 

in reducing food wastes, which can be an important result for the Food Service industry, 

even though the statistical proof is lacking in this research. 
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 Results of analyzing Hypothesis 2, pertaining to reduction in labor costs, showed 

reduction in labor costs after implementation of Lean Principles. The average savings per 

day were $493.90 which would convert to $103,719.00 for a year of seven months and 

assuming 30 days in a month. Summer months of June, July, and August, and last months 

of each term, May and December are excluded from the calculation due to closures. This 

result is important to any Food Service in any State University system, where reducing is 

labor costs is one of the major issues. Applying Lean principles and following 5S 

principles can help in reducing labor costs significantly. The savings shown in this 

research are high enough to attract any food service organization to follow Lean 

principles. 

 Hypothesis 3 measured the change in partial productivity, measured as output 

(customers served per day) over input (employee hours per day), after implementing 

Lean principles. Partial productivity was statistically higher after implementation of Lean 

principles proving that applying Lean principles affect productivity positively. The partial 

productivity index improved after implementation; however was lower than the desired 

value of one (1). The lower value is due to some Just-in-case activities that have 

increased the staffing requirement more than the required output. The higher staff number 

is to cushion any effects of uncertainties and Just-in-time has not been completely 

integrated within the system. Although a productivity of one is the most desirable uneven 

demand patterns and standard staffing policies make it impossible to completely be Just-

in-Time. 
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5.3 Results from 5S Audit 

 The before implementation 5S audit clearly indicates lack of 5S principles being 

applied. A score of 1 on shine is due to the employees constantly keeping the cabinets 

clean. However, all the other areas indicate room for improvement. A 5S audit was also 

conducted after the implementation and a total score of 17 out of the maximum 20 was 

obtained. A perfect score was not possible due to management‟s unwillingness to change 

some practices. Lack of labels on equipments, a cleaning schedule, and weekly audits 

were the reasons for the score of 17. Management‟s commitment and willingness are 

required to maintain a cleaning schedule and perform weekly audits. Although Sam‟s 

West still operates as a Lean facility, the lack of weekly audits affect the authenticity of 

the operations. The results are an indicator of how management‟s commitment is a major 

factor in not only implementing but also sustaining Lean operations. Long term 

sustainability is possible only with the active participation of both management and the 

employees. 

5.4 Recommendations 

 The application of Lean has proven to improve the overall efficiency and 

effectiveness of a service organization in this research. The major service provided was 

providing customers with tasty food and prompt customer service. These results may be 

applicable to other food service industries across other university systems. As mentioned 

in the introduction, the major requirement of a food service is to provide tasty food at a 

higher quality and faster; keeping to the culture of the institution at the same time. 

Applying lean principles in hospitality services would take care of the quality and speed 
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of response in an effective manner. However, care should be taken when applying these 

results on a larger scale, without understanding the scaling effects. 

 Another important finding from the study is the importance of management‟s 

involvement for the long term sustainability of Lean operations. It is not only important 

to implement Lean principles on a short-run but also sustain continuous improvement on 

the long run in order to reap the real benefits of implementing Lean principles. Therefore 

the involvement of management is of utmost importance in sustaining Lean. Management 

team can improve involvement by following “Go-See.” The presence of managers, 

assistant managers, and supervisors on the floor will assist in the proper implementation. 

Observing the process combined with their experience will provide the necessary insights 

on problem areas, and areas needing further improvement. The management can also 

judge the staff needed at each station – giving control over labor costs, and in turn 

improving partial productivity.  

5.5 Future Work 

 This research was based on a single iteration of implementing Lean principles, 

only. The future state map can be considered as a current state map for the following 

iteration and the entire process of defining a future state map, analyzing the gap, and 

implementation can be repeated. The additional iterations would refine the current 

process wherein the labor costs are further reduced and partial productivity improved. 

 Assuming the achieved state as the current state, Hypothesis 1 can be proven. The 

food wastes data may be collected more accurately helping in verifying Hypothesis 1. 
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 Lean principles were applied to just the food service area of the operation. The 

principles can be extended to the offices and the management in the future. The results of 

the implementation may provide an insight into the opportunities that the management 

may have in reducing administrative overhead, and time wastes. 

 Employee involvement is a major part of implementing Lean, and was not 

included in this research. Upon approval from the Institutional Review Board, a survey 

may be devised and distributed in order to obtain inputs from employees. The input 

would help in better tailor the implementation procedures increasing employee 

acceptance of the processes and procedures. 
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    Appendix A 

      Current State Map
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Figure 12 Current State Map 
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          Appendix B 

     Future State Map
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Figure 13 Future State Map
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Appendix C 

            5s Audit Sheet 
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Sort Score Remarks 
1 Is all grills, coolers, and support equipment necessary?     0 / 1 
2 Are all scoops, pans and lids are necessary?       0 / 1 
3 Are all WIP locations necessary?         0 / 1 
4 Are all racks, glove boxes, and sprays are necessary?     0 / 1 
 
TOTAL POINTS Out of 4 
 
Set in Order Score Remarks 
1 Is the location for all coolers, shelves, and warmers marked?     0 / 1 
2 Are all equipments are in their designated place, and locations clearly labeled? 0 / 1 
3 Is workplace, and cooking equipments clearly labeled?               0 / 1 
4 Are the coolers, and freezers clearly labeled?                0 / 1 
POINTS Out of 4 
 
Shine Score Remarks 
1 Is the dinning, and the store areas clean?        0 / 1 
2 Are all coolers and support equipment clean & free of mess?               0 / 1 
3 Are the floors, glasses, and desks clean?       0 / 1 
4 Is cooking area clean and free of damage?                   0 / 1 
 
POINTS Out of 4 
 
Standardize Score Remarks  
1 Standardized cleaning schedule is posted & followed?      0 / 1 
2 Do instruments like thermometers have calibration stickers?     0 / 1 
3 Continuous Improvement Activities are ongoing?       0 / 1 
4 Is the work order for equipments and shortage of goods recorded?   0 / 1 
              
POINTS Out of 4 
 
Sustain Score Remarks 
1 Is all equipment in designated place?       0 / 1 
2 Are all menus and MDS up to date?       0 / 1 
3 Is the team auditing itself weekly and posting results?     0 / 1 
4 Is the order placed with minimum and maximum in mind?   0 / 1 
  
POINTS Out of 4 
 
TOTAL POINTS Out of 20 
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                 Appendix D 

 Results of 5S Audit – Before and After Implementation 
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5s Audit Sheet Before Implementation 

Sort Score Remarks 

1 Is all grills, coolers, and support equipment necessary?     0 
2 Are all scoops, pans and lids are necessary?      0 
3 Are all WIP locations necessary?        0 
4 Are all racks, glove boxes, and sprays are necessary?    0 
 
TOTAL POINTS Out of 4        0 
 
Set in Order Score Remarks 
1 Is the location for all coolers, shelves, and warmers marked?     0  
2 Are all equipments are in their designated place, and locations clearly labeled?  0  
3 Is workplace, and cooking equipments clearly labeled?     0  
4 Are the coolers, and freezers clearly labeled?       0  
 
POINTS Out of 4           0 
 
Shine Score Remarks 
1 Is the dinning, and the store areas clean?       0  
2 Are all coolers and support equipment clean & free of mess?                               0  
3 Are the floors, glasses, and desks clean?      0  
4 Is cooking area clean and free of damage?       1 
    
POINTS Out of 4          1 
   
 
Standardize Score Remarks 
1 Standardized cleaning schedule is posted & followed?      1 
2 Do instruments like thermometers have calibration stickers?     1 
3 Continuous Improvement Activities are ongoing?       1 
4 Is the work order for equipments and shortage of goods recorded?   1 
 
POINTS Out of 4          1 
 
Sustain Score Remarks 
1 Is all equipment in designated place?       0  
2 Are all menus and MDS up to date?       0  
3 Is the team auditing itself weekly and posting results?     0  
4 Is the order placed with minimum and maximum in mind?   0  
 
POINTS Out of 4         0 
TOTAL POINTS Out of 20        2 
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5s Audit Sheet After Implementation 

Sort Score Remarks 
1 Is all grills, coolers, and support equipment necessary?     1 
2 Are all scoops, pans and lids are necessary?       1 
3 Are all WIP locations necessary?         1 
4 Are all racks, glove boxes, and sprays are necessary?     1 
TOTAL POINTS Out of 4         4 
 
Set in Order Score Remarks 
1 Is the location for all coolers, shelves, and warmers marked?    1 
2 Are all equipments are in their designated place, and locations clearly labeled? 1 
3 Is workplace, and cooking equipments clearly labeled?    0 
4 Are the coolers, and freezers clearly labeled?      1 
 
 
POINTS Out of 4          3 
 
Shine Score Remarks 
1 Is the dinning, and the store areas clean?       1 
2 Are all coolers and support equipment clean & free of mess?    1 
3 Are the floors, glasses, and desks clean?      1 
4 Is cooking area clean and free of damage?        1 
         
 
POINTS Out of 4          4 
 
Standardize Score Remarks 
1 Standardized cleaning schedule is posted & followed?       0 
2 Do instruments like thermometers have calibration stickers?      1 
3 Continuous Improvement Activities are ongoing?          1 
4 Is the work order for equipments and shortage of goods recorded?     1 
 
POINTS Out of 4             3 
 
Sustain Score Remarks 
1 Is all equipment in designated place?         1 
2 Are all menus and MDS up to date?         1 
3 Is the team auditing itself weekly and posting results?       0 
4 Is the order placed with minimum and maximum in mind?     1 
 
POINTS Out of 4           3 
 
TOTAL POINTS Out of 20         17 


