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ABSTRACT: For the last few decades, companies used six sigma in almost all processes to improve performance. 

Typical improvements include decreased operational cost, increased customer satisfaction, decreased cycle time, and 

enhanced profits, but regardless of the nature of the improvement, all projects follow the “Define-Measure-Analyze-

Improve-Control” methodology. This paper proposes the use of a decision framework that utilizes the use of axiomatic 

design in the analyze and improve phases in order to reach optimum performance at the end of each project through 

an established optimization framework. The framework includes the use of simulation and a managerial decision-

making tool called "alternative evaluation tool”. The author implemented the framework in a real case study performed 

at a global logistics company that has an e-commerce logistics station located at John F. Kennedy airport in New 

York; a station that suffers from low on-time delivery and high operational cost. As result, the author implemented a 

six-sigma project along with simulation to reveal various scenarios suggested by the six-sigma team in order to 

optimize the process. The project resulted in 65% reduction in labor, 41% reduction in work in process and 55% 

reduction in average time packages spend at the station. 
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INTRODUCTION 

E-commerce logistics 

In the era of expanding technology, the world is becoming a global village, people shop easily from any country in 

the world using the internet. E-commerce is now a fact, and with it arises the need to ship more and more commodities 

to every part of the globe. In this paper, we focus on e-commerce logistics or, as some companies call it, “Shop and 

Ship” logistics service that has become an important part of the list of services for many elite logistics companies [1]. 

People living anywhere in the world can buy different items from a provider in the USA or Europe, and then a logistics 

service provider delivers the items to the doorsteps of the requester. The whole process depends on using the internet 

[2]. 

Services provided by the e-commerce logistics provider include transporting the items to a port in the host country, 

then shipping it to the country of the buyer, then dealing with customs in the destination country, and finally delivering 

the item to the doorstep of the requester. All this has to happen within few days [3]. E-commerce logistics is a fast 

growing business sector where more and more logistics companies are providing shop and ship services and the 

demand is greater than ever before for shipping companies to look for more efficient processes that reduce total cost 

and require less time to maintain their competitive edge. 
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Logistics providers such Dalsey, Hillblom and Lynn (DHL), United Parcel Service (UPS) and others provide a wide 

variety of shipping and logistics services, therefore, they have an established infrastructure to provide shop and ship 

needed services using the same available resources (warehouses, shipping vehicles and logistics personnel). Many 

scholars consider shop and ship as an added benefit to such companies, yet it brings with it an erratic and large volume 

of parcels that needs to be managed effectively by logistics professionals.  

This project studies e-commerce logistics services for a major logistics service provider delivering packages 

worldwide with the promise of delivering packages within 7 days after their arrival at John F. Kennedy airport. 

Fulfilling such a promise is a major cause for customer satisfaction [4]. Airline haul is the stage in which e-commerce 

logistics has the most problems, since employees follow no specific selection procedure, the flight route the package 

should take; it is generally an ad hoc process depending on the available flights [5]. Another area of challenge is the 

operations at the station, which are chaotic and do not follow a systematic flow due to the irregular nature of airline 

arrivals. As a result, total shipping time and operational costs are the main two performance measures scoring very 

low; the company fails to deliver 15% of packages on time, and operational costs are 30% above targets. To study the 

problem effectively, the scope of project covers inbound and outbound processes at John F. Kennedy station taking 

only into account the following main destinations: Amman- Jordan (AMM), Bahrain (BAH), Cairo-Egypt (CAI), 

Doha-Qatar (DOH), Dubai (DXB), Kuwait (KWI) and Riyadh-Saudi Arabia (RUH).  

Six sigma  

In the mid-1980s, Motorola developed six sigma as a quality control method to minimize defects in their 

manufacturing processes [6]. It then evolved into a project-driven management approach to improve the 

organization’s products, services, and processes by continually reducing defects in all products and services 

provided by the organization [7]. Scholars define six sigma as a business strategy used to improve business 

profitability, and to improve effectiveness and efficiency of all operations to meet or exceed customer’s needs 

and expectations [8]. Almost all manufacturing and service sectors use six sigma for process improvement 

purposes. Typical improvements sought in six a sigma project include decreased operational cost, increased 

customer satisfaction, decreased cycle time, and enhanced profits, but regardless of the nature of the 

improvement, all projects still follow the “Define-Measure-Analyze-Improve-Control” methodology [1, 9]. 

Six Sigma’s structured improvement method focuses on metrics [10]. The highlight of the “Define-Measure-

Analyze-Improve-Control” method is the five-phased methodological framework that professionals use as a 

guide in conducting the improvement projects [11,12]. In the first four phases, various managerial and 

statistical tools are used in a manner that makes it easy to understand the process and its issues as well as 

finding the proper root causes of problems and coming up with the proper solutions. The last phase ensures 

that the root causes of a problem cease to exist and the process will never go back to its old ill state. Six sigma 

gains its strength from its disciplined “Define-Measure-Analyze-Improve-Control” approach in every 

improvement project. In each phase specific activities takes place, and the project is managed by a project 
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manager called six sigma black belt, who makes sure the dripline is enforced. In each phase, variety of 

statistical, managerial and problem solving tools are used [12,13]. 

In the define phase, the initiation of the project takes place: the team defines project problem statement and 

creates all plans for the project. Define phase ends when the black belt and project main stakeholders sign the 

project charter that includes all initial project information. The measure phase is the phase that defines the 

current process fully: the team establishes detailed process maps and a set of metrics or measurement indicators. 

In the measure phase, the team collects all needed data to establish the performance level of the process at the 

current state. In the analyze phase, the team uses many statistical and problem-solving tools to transform 

collected data into useful information, for the sake of finding root causes behind the poor performance of the 

process. At the end of this phase, the team prepares a list of root causes and proposes a list of suggested process 

changes.  

Next phase is the improve phase, which looks into the proposed changes. Upper management discuss the 

proposed changes and evaluate each proposed change based on factors such as implementation duration, 

implementation risk, implementation cost, etc. The discussion results in a selection of the appropriate process 

changes. Selected changes are then simulated or prototyped in order to run the process in a soft form to ensure 

appropriateness of these changes and mitigate any possible risk caused by such changes. When everything is 

set, the team supervise modification of the old process and announcement of the new process. The final phase 

is the control phase. This phase includes all work need to ensure that performance of the new process does not 

deteriorate. The team implement a set of controls, and train employees on all process changes, and then the 

project leader finally terminates the project. Table 1 shows a summary of activities in each phase [13]. 

In the last two decades, many researchers-built frameworks with an updated version of six sigma. Some 

emphasized the use of simulations, others enhanced the “Define-Measure-Analyze-Improve-Control” 

methodology with axiomatic design principles and some enhanced the “Define-Measure-Analyze-Improve-

Control” methodology with rich lean management tools [1,14-17]. Regardless of the enhancements, six sigma 

is still project based and follows the “Define-Measure-Analyze-Improve-Control” rigorously. 

Table 1. Typical Six Sigma methodology phases and tasks 

Phase MAIN Tasks 

 

 

DEFINE 

• Define the problem 

• Prepare the charter document 

• Form the team 

• Define main metrics to be measured 

• Define Big Y’s (the ultimate goal of the project) and small y’s (the 

operational objectives needed to achieve the ultimate goal) 
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MEASURE 

• Study the process (as-is) in detailed manner 

• Collect and measure data for the metrics defined in the previous phase 

•  Analyze the gage (measuring tools) used to qualify it and ensure it does not 

have more variation than the data itself 

ANALYZE • Using Lean analysis to eliminate waste 

• Assess the root causes of main variation issues  

 

IMPROVE 

• Summarize and list all improvement opportunities from the previous phase 

• Prioritize improvement opportunities 

• Define new process flow 

• Define failure modes 

 

CONTROL 

• Maintain process improvements 

• Measure realized bottom line impact 

• Report and apply lessons learned elsewhere 

Six sigma application in logistics services  

Literature does not show examples of application of six sigma in e-commerce or the shop and ship part of the logistics 

processes, but researchers have written abundantly about the application of six sigma in various logistics and supply 

chain areas [1]. Good examples of the different areas of application are illustrated by some researchers [16,18]. Singh 

showed how supply chain and logistics can utilize traditional six sigma methodology and Lean in order to optimize 

the service level seen by customers [19]. Some researchers discussed the use of Six Sigma in two logistics processes; 

a payment process and a request-to-ship process [20]. A group researchers presented the utilization of six sigma in 

healthcare logistics with a focus on Inventory costs [13].  

Many authors have shown the great benefits of using Six Sigma methodology, yet the actual usage in logistics is still 

lagging far behind other industrial and service sectors; wrote about issues facing logistics applications in Singapore 

[21]. A group researchers revealed similar issues about the implementation of six sigma in logistics applications in 

Brazil [17]. A great resource for six sigma applications in logistics and supply chain processes is [22]. The contribution 

of this research is in introducing a new framework of process optimization using traditional six sigma along with 

simulation and axiomatic design. The author illustrates the application of the framework with a case involving a major 

e-commerce logistics station located at the John F. Kennedy airport. The framework provides a sound engineering and 

managerial decision-making process.  

PROBLEM STATEMENT 

Handling a purchase in the USA and delivering it to the doorstep of the purchaser in the Middle East or other parts of 

the world is a great business idea since it utilizes the same available resources and adds a new great source of income 

to many logistics providers. This, however, comes with a major addition of chaotic arrivals of large shipments on a 

daily basis. The John F. Kennedy e-commerce logistics station suffers from high labor cost, high work in process, and 

low on-time delivery rate, as a result, low customer satisfaction rate. 
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METHOD 

To improve John F. Kennedy airport station’s performance, the author set up a six sigma project. The project follows 

a modified six sigma methodology. The “Define-Measure-Analyze-Improve-Control” follows a disciplined approach 

with specific tasks in each phase as shown in Table 1 [12,13]. The six sigma team used two major modifications 

applied to traditional six sigma methodology and created a framework for the implementation. These modifications 

include applying simulation to the logistics process in the Measure and Improve phases to describe the current process 

and the effects of any proposed changes. They also include the use of axiomatic design principles in the Analyze and 

Improve phases as an optimization tool to determine the viability of any proposed change. 

Axiomatic Design 

Announce by Suh, Axiomatic Design is as a tool used to design products and processes based on systematic steps 

[23]. Scholars also use Axiomatic Design to compare between design alternatives and helps choose the best alternative 

[17]. Axiomatic Design provides a framework in which the design process can be managed [14,15]. Axiomatic Design 

combines all relevant variables, factors and scenarios, and classifies them into four domains. These domains include 

“Customer requirements (CRs)”, “Functional requirements (FRs)”, “Design parameters (DPs)”, and “Process 

variables (PVs)”. Customer requirements represent customer needs and wants. Functional requirements transform 

customer needs into functions to be performed by the product or the service. Design parameters represent features of 

the design created to achieve functional requirements. Finally, process variables represent how a process can build 

such product or service with the determined design parameters [15]. Scholars use the four domains in a back-and-forth 

manner until designers and engineers are sure that process variables are set to fulfil design parameters, which in turn 

are set in a manner that fulfils functional requirements and customer requirements. Figure 1 reveals the four domains 

with an example of a customer need of a car to be used for transportation purposes.  

 

Figure 1. The four domains of axiomatic design 

In order to select the best alternative design, some researchers proposed the use of axioms as the pursued scientific 

foundation for engineering design [23,24]. The two main axioms are: 

Axiom 1: Maintain the independence of functional requirements, so that, in a good design, each functional requirement 

is served by one design parameter, and no single design parameter is serving two or more functional requirements.  
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Axiom 2: Minimize information content of the design, which means that, among design alternatives that satisfy axiom 

1, the best design is the one that has the minimum information content, or minimum number of design parameters. 

Therefore, professional should always select the simplest design [25]. 

In this paper, we use six sigma to modify a process. We propose the use of Axiomatic Design in the analyze and 

improve phases as a tool to maintain the four domains are maintained, then the use of the two axioms to prioritize all 

suggested design alternatives. Following the use of Axiomatic Design, we propose the use of two other tools to make 

final decision; alternative evaluation tool and simulation. The first tool is a simple checklist that covers various 

decision essentials and consequences (see Table 6). The team scores selected alternative, and select the alternative 

that achieves the highest number of “TRUE” values; otherwise, more managerial discussions need to take place before 

proceeding any further. Finally, the team uses simulation to verify process metrics such as cycle time, resource usage 

and utilization, work in process percentage and many others. WE recommend the combined use of Axiomatic Design, 

alternative evaluation tool, and simulation since the combination helps to create sound managerial decisions to select 

the best alternative. Figure 2 illustrates the full project framework. 
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Figure 2. Proposed framework for applying six sigma methodology 

CASE STUDY 

Logistics providers depend on airlines to get their packages transported globally, so they sign annual or quarterly 

contracts with airlines to guarantee space for their shipments and accelerate the handling of the process. The selection 

of the airline to a specific destination is based on speed (trans-shipment time), capacity, price and handling services 

provided by the airline company.  
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Inbound process 

The Inbound process starts with receiving packages at John F. Kennedy station. Once arrived, operators send the 

packages for inspection. Inspection workers write on the package its value and commodity (contents). Operators weigh 

packages and create an airway bill (AWB). Automated system divides all packages into two groups; on hold or 

continue to the outbound process. 

On-hold packages 

Automated system divide on-hold packages into five groups: 

(1) Inactive customer packages (Sub process 1): operators either reactivate, or return these packages or destroy 

them after 60 days. 

(2) Prohibited packages (Sub process 2): operator informs the customer and either return the package or destroy it 

after 60 days. 

(3) Unknown packages (Sub process 3): these packages lack some important information. If no new information 

is provided by anyone, operators will destroy these packages after 60 days. 

(4) Overweight packages (Sub process 4): consult with the customer on further action. 

(5) High value packages (Sub process 5): use special or regular handling. 

Outbound process  

The outbound process begins with sorting packages in one of nine different bins; one bin for each destination. After 

sorting the packages, operator determines the route (flight) according to a set of rules; the worker will assess certain 

parameters and choose the flight for the package accordingly. A group of packages all with the same flight find their 

way to a mother bag that is labelled and ready for shipping. Figure 3 shows a flow chart of the process. This flow chart 

and the flow charts for all sub processes will help with to facilitate simulation later [26]. 

 

Figure 3. Flow chart of the as-is process at John F. Kennedy airport 
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Six sigma project implementations  

Define phase 

In this phase, the team created a full charter with information including team members, project budget, resources and 

duration of the project. The most important part of the charter is the problem statement listing two important metrics 

to be improved; customer satisfaction and operational cost. The team linked customer satisfaction to the percentage 

of on-time delivery of packages. At the end of this phase, the team reviewed a full list of plans with the project sponsor 

including budget plan, schedule-time plan, risk plan and report communication plan. 

Measure phase 

The team created a detailed flow chart for the entire e-commerce logistics process in the project scope. In addition, 

the team established a full measurement plan, and collected data about metrics such as cycle time for each step as well 

metrics used by simulation and metrics produced by the simulation model. Discrete event simulation is one way of 

building up models to observe the dynamic behavior of a system. During the experimental phase, simulation software 

models the process in order to generate results similar to that reported by operators. The team used these results to 

provide insight into a system and form a basis to make decisions. The software used to perform simulations in this 

project is Arena [27]. The project team collected cycle time and number of resources data for one month at each step 

of the process. Arena has a utility called “Input Data Analyzer” which takes collected raw data and shows the best 

distribution that fits each data set. For example, in Table 2, regular inspection takes a constant cycle time of 84 seconds, 

while sorting process performed by the sorting and bagging worker (SBW) is best represented by a triangular 

distribution with a minimum time of 2 seconds, a most likely time of 3 seconds and a maximum time of 5 seconds 

(TRIA (2,3,5)). A triangular distribution seems to be the best fit for most of the cycle times in this case. Tables 2 and 

3 show the full set of analyses obtained from Arena’s input data analyzer.  

Table 2. Workstations data sample  

John F. Kennedy airport station 

Work 

Station 

Operations Operator No. of 

operators 

Process Time 

(sec) 

1 Regular Inspection 

Inspection 

worker 6 84 

2 Weighing & Data Entry Weigh worker 8 42 

3 

a. Sorting 

b. Selecting SRR 

c. Scanning selected packages 

d. Filling mother bags/containers 

SBW 

6 

TRIA(2,3,5) 

20 

TRIA(2,3,4) 

TRIA(3,5,8) 

4 

Inspections/data entry/weighing of parcels 

Parcel worker 3 54 

Table 3. Best fit distributions of arriving packages for each day of the week 
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Day of week No. of arriving packages 

Saturday TRIA(600, 800, 1300) 

Sunday zero (no packages) 

Rest of the week TRIA(1.83e+003, 3.35e+003 , 3.78e003) 

 

The team also plotted cycle times to check distribution and behavior. Figures 4 and 5 show an example of plotted data 

for the cycle time of the full process.  

 

Figure 4. Histogram of process time for 100 parcel 

 

Figure 5. Normal probability plot of process time for 100 parcel 

Arena simulation produces many performance measures for the team to use for optimization purposes [27]. These 

measures include: 

• Resource utilization: measured by the fraction of time a resource is busy. 
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• Number of items in a queue waiting for a busy resource. 

• Time in queue. 

• Cycle time 

• Throughput (production rate). 

• The output produced in a given period. System capacity is the maximum throughput. 

• Work in process inventory. 

• Build-up of raw material and unfinished parts in the process. 

After collecting all the needed data and developing the proper distribution for all arrivals and all process times, the 

team created simulation model and its sub models (figures 6 and 7).  

 

Figure 6. Logic for arriving packages 

 

Figure 7. John F. Kennedy airport Station Simulation model using Arena 
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From simulation models results, the team obtained values for performance measures such as work in process, 

throughput, build-up of raw material, etc. These values represent an entire month of operation. The team compared 

these simulation performance measures with actual results obtained from the station, and modified the models several 

times until results from the model have a minimum level of 90% conformance rate with actual measured results. The 

measure phase concludes once we have a full description of the process, validated simulation models for the current 

process, and a full set of measurements for all needed metrics. 

Analyze phase 

Before analyzing the data collected in the measure phase, a major issue became clear: the erratic method of selecting 

outbound flights. Operators perform this task manually and without any system, which, in turn, increased shipment 

delays and operational costs. To resolve this problem, the team designed a decision matrix using an Excel program 

and Visual Basic that uses different parameters to select a final route for the package. For this matrix, a worker can 

enter data about the package like destination, weight, and other information and the program, according to the 

programmed routine, will scan through the different plane schedules and select the route that is the least costly, given 

that the item will reach the customer within the guaranteed time range. Operators enters the following variables 

manually into the matrix or using a scanner: 

• Final destination. 

• Weight of package (lb) 

• Supplier type: known or unknown. 

• Receipt date and time at shop and ship John F. Kennedy station 

• Select route date and time: date and time at which the actual data entry (scanning) is taking place. 

• Days limit: time guaranteed by shop and ship. From arrival at John F. Kennedy airport until arrival at 

destination airport. 

The most important variable is the “select route date and time”. According to this variable, the Excel program will 

generate dates and times for all plane schedules. Table 4 shows the header and an example of a plane schedule used 

in the decision matrix with some additional information such as plane type (commercial or freighter), route (direct or 

indirect) and airline cost/lb. 

Table 4. Sample plane schedule at John F. Kennedy airport  

Type Route Destination A/L FLT# 

C/ off 

Day C/ off 

ETA 

DAY 

ETA 

TIME USD cost per lb 

Commercial Direct AMM RJ 262 TUE 19:30 WED 16:45 1.1250 

 

Using the data available from the Measure phase, the team started analyzing simulation models using what-if analysis, 

benchmarking and other simple statistic tools. The focus of this phase is to minimize cycle times, maximize utilization, 

minimize operational cost and minimize work in process. Another issue that was also clear is the fact that figures 4 

and 5 show the cycle time for the entire process is not normally distributed. According to the central limit theorem, 

the distribution of the entire process should always be normal distribution, regardless of the distribution of each 

individual step [28]. Figure 5 shows a normal probability plot with Anderson Darling value greater than 0.5 and a P 



Axiomatic Six Sigma, A Simulation-Based Decision-Making Framework 
 

130 

 

value less than 0.05. Both indicators reveal a distribution that is not normal. Once we take away three outliers on both 

sides, we get figures 8 and 9. 

 

Figure 8. Histogram of process cycle time after deleting outliers 

 

Figure 9. Normal probability plot of process time after deleting outliers 

After deleting the outlier points, the data seems to fit a normal distribution nicely. Anderson Darling is now less than 

0.5 and the P value is greater than 0.05. Investigation of the six outliers revealed a process that is not standardized, 

and differences in skills between operators result in high variability of cycle time. Investigation also revealed a high 

level of wasted time between steps: the average cycle of the entire process is 37 minutes, which is more than 8 times 

the sum of cycle times of all individual process steps. Also the variance of process cycle time is 12 minutes, which is 

also very high and cause the process to behave with high variability. The need for standardization is clear. 

The following suggestion resulted from performing the Analyze phase: 

(1) Implementation of the decision matrix: this comes at no cost and implementation time is very short. 

(2) Partial Automation of the labor-intensive parts of the process. This requires partial automation of the 

system; some processes remain manually operated and others are combined together into one automated process.  
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The automated process consists mainly of a conveyor belt and a weighing / scanning system. After inspection, the 

operator puts the package on the conveyor belt, which moves it through the weighing/scanning system. The system 

will scan the data on the package and weigh it. This data will be the input for the decision matrix so it will help 

selecting the best route to be taken by the package. The package will then move along a conveyor belt and be dropped 

in the right bin according to the selected route by the decision matrix, and if the route and the bin match, a cylinder 

will push the package into the bin. This is all done by programmable logic control (PLC) equipment. 

The team decided to combine the following processes in the weighing/scanning station: 

• Weighing & data entry 

• Sorting 

• Selecting shipping routine route 

• Scanning selected packages 

• Inspection/data entry/weighing of parcels 

Table 5 reveals results of running the modified simulation model.  

Table 5. Scheduled utilization results for modified simulation model 

Operator Utilization (%) 

Inspection worker 98 

SBW 6 

scanning machine 5 

 

(3) Outsourcing the whole logistics service in the US. This means selecting another local logistic service 

provider in the US to handle the entire inbound logistics activities. 

(4) Minor rearrangement of bins, tables and bag handling in the inbound processes: this was a result from 

benchmarking. 

The team ran all suggested process changes through the four domains. They all do good job of achieving all 

requirements and variables, except two small process issues described as follows: 

From the results in Table 5, it is clear that the inspection process is the system’s bottleneck with 98% utilization rate, 

which is quite high. It is also clear that the SBW who are in the modified process only responsible for filling mother 

bags/containers are underutilized (5% utilization). 

To balance utilization levels, the team performed the following: 

• Inspection worker capacity increased from 6 to 7 workers. 

• SBW capacity decreased from 6 to 1 workers. 
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In addition, in the current process, we have high levels of work in process, low utilization of employees and ad hoc 

arrangements of employees. To resolve this, the team suggested a fifth process change: 

(5) Converting most of the work from a push mentality to pull mentality similar to other logistic providers. 

This meant combining some steps to be owned by one operator and using pull instead of push to minimize work 

in process [29]. The new arrangement needed extensive employee training as well as rearranging some parts of 

the station. 

(6) Full standardization of processes, which starts with process documentation and training. 

At this point, we have six main suggestions that passed the four-domain check. 

Improve phase 

Looking at the six suggestions from the previous phase, the team decided to implement suggestions 1, 4 and 6 

immediately, since they come at low cost and very short implementation time.  As for the remaining suggestions, the 

team decided to use the axiom 1 and axiom 2 to see which change fits the criteria.  

Axiom 1: The independence of function requirements 

Automation: guarantees independence through design. All automated parts can be easily designed so that function 

requirements are independent. 

Push to pull: This choice makes the process coupled and steps depend highly on each other. As a result, independence 

is not guaranteed.  

Outsourcing: Once you decide to outsource a process, you lose control on most of its details, and so, independence is 

not guaranteed. 

The clear winner of the first axiom check is automation. 

Axiom 2: Minimize information of the process design 

Automation: The process itself becomes much simpler, but the complexity level is high in the machines used. 

Push to pull: This choice makes the process very complex at first, but with time, it becomes simpler, and workers get 

to do the tasks faster.  

Outsourcing: This option eliminates much of the process, but it adds new processes such as more quality control, more 

follow up, more administrative work. Therefore, complexity level may not go down. 

No clear winner in the second axiom check, but the winner of the two axioms is automation. 

Next, the team filled the “Alternative evaluation tool” for each alternative (table 6). 

Table 6. Alternative evaluation tool results for the case study 

Decision Parameters 
ALT 1 

Automation 

ALT 2 

Push-

Pull 

ALT 3 

Outsourcing 

Cash is available to implement the alternative TRUE TRUE TRUE 
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Alternative is in line with the company's strategic Objectives TRUE TRUE TRUE 

Alternative is in line with current trends in the industry TRUE  FALSE FALSE 

Alternative is not expected to have negative impact on the quality 

of process output 
TRUE TRUE FALSE 

All affected employees can be trained on new process changes in 

relatively short time 
TRUE  FALSE TRUE 

There are no major known implementation risks FALSE  TRUE FALSE 

The organization has - or can hire - all needed technical skills to 

implement alternative 
TRUE  FALSE TRUE 

Alternative does not have any known sustainability issues TRUE TRUE FALSE 

 

It is now clear that automation is the best choice; it is in line with current trends in the industry and in line with the 

organization’s strategic objectives, and even with the high cost of implementation, the cash is available and the returns 

are the highest. On the other hand, outsourcing has quality and supplier reliability concerns.  

Control phase 

In the control phase, typical six sigma tasks took place; measuring and maintaining improvements, establishing 

performance measures, and training of the working teams on all new changes that were made in the previous phase. 

The project results were 65% reduction in labor, 41% reduction in work in process and 55% reduction in average time 

packages spend at the station.  

RESULTS AND DISCUSSION 

This paper presents the use of simulation, six sigma and axiomatic design as a blend of tools to facilitate proper 

decision making. While the case used is in the logistics services, the methodology can be used in almost any service 

or manufacturing company. Scholars should only use Axiomatic Design in scenarios where mutually exclusive options 

exist. In cases where companies can implement many solutions simultaneously, it would make no sense to use 

Axiomatic Design as a prioritization tool. On the other hand, we advise the use of simulation in the Measure and 

Improve phases always and without any limitations. This research enhanced the use of traditional six sigma 

methodology by adding simulation in the “as-is” and the “to-be” process maps, and the use of axiomatic design 

Analyze and Improve phase. 

We recommend the use axiomatic design in combination with other tools, since no one tool is complex enough to 

handle all selection decisions managers need to make. Alternative evaluation tool and simulation strengthen the 

selection process. In cases where simulation or the alternative evaluation tool do not agree with the choice made by 

axiomatic design, further managerial discussions need to take place. Before using axioms 1 and 2, the team made a 

decision to immediately implement new outbound flight selection methodology and the better rearrangement of bins 

and tables in the stations. The team considered these suggested changes as “low hanging fruits” and did not need any 
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further dwelling. To this end, in future projects, it is worthy to classify opportunities into low hanging fruits that can 

be implemented immediately and other opportunities that need to be further discussed and prioritized. Future work 

can extend the findings of this study by implementing this particular version of six sigma in a similar manner on 

healthcare, banking, or manufacturing. Other researchers may also elaborate more on the classification of 

improvement suggestions into low hanging fruits, competing opportunities and none competing opportunities, in order 

to enhance the selection process even further. 

CONCLUSIONS 

Scholars used six sigma for more than 30 years successfully in the manufacturing and service sectors. This project 

enhances the use of the “Define-Measure-Analyze-Improve-Control” methodology and proposes the use of simulation 

and axiomatic design to improve the process of selecting the best solution. The case study is concerned with an e-

commerce logistics or “Shop and Ship” logistics station located at John F. Kennedy airport in New York, which 

suffered from low on-time delivery performance and high operational cost. Application of the findings in this project 

resulted in 65% reduction in labor, 41% reduction in work in process and 55% reduction in average time packages 

spend at the station. These improvements highly support the effectiveness of implementing six sigma projects in the 

format suggested.  
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