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Executive Summary 

 
 In industry, the importance of workplace processes is paramount. Processes 

provide guidelines and boundaries for the completion of company projects. In order to 

successfully keep up with competition, it is important for companies to explore 

improvement options for company processes. The focus of this research report is process 

improvement through computer simulation. System redefining typically includes ground 

level workers tweaking current process standards to either create a more efficient process, 

a safer process, or a combination of the two concepts.   

 The process in this research study examines the impact of different variables such 

as worker quantity and trailer load quantity on the overall time requirement necessary to 

process an inbound trailer at the store level of a major, national retailer. This study also 

examines how a process may aid in the creation of a safer work environment through 

changing the current process scenario. The goal of this simulation is to examine if the 

process can lessen the amount of time necessary to complete processing tasks as well as 

limit the risk of potential injury to workers.  
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Chapter 1: Introduction 

 
In the business world, there is continual demand to find new methods for 

increasing productivity while decreasing cost. Commonly, companies need to examine 

their processes in order to determine if they are indeed achieving these goals. If processes 

are not meeting the goals of increasing productivity and decreasing cost, perhaps the 

current process is in need of redesign or modification. Simulation tools can play a 

powerful role in evolving processes to become something beyond their current function. 

Several programs exist to model operating practices in business and industry.  

1.1 Process Improvement Methodologies 

Before improving on a process, a company needs to define what they hope to 

achieve through the use of this new idea. The simplest meaning for a process is a series of 

steps and/or sequences for which there is a set of inputs and a set of outputs. Regardless 

of how the process is set up there will always be inputs and outputs. The goal is to 

improve the middle sequences and steps to produce better outputs in comparison to the 

previous process (Chang 1999, 190). This can happen through several means and 

methods. 

When discussing the idea of process improvement, commonly mentioned 

methodologies include Six Sigma, Lean, and Total Quality Management. Larger 

companies, Fortune 500 or higher, tend use the Six Sigma or Total Quality Management 

approaches when considering a process upgrade (Gershon 2010, 62). Lean techniques are 

also common for removing waste from processes in receiving and sorting locations 

(Speredelozzi 2006, 1). For the purpose of this research report, the focus will be primarily 

on the methods of redesign and refinement.  
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The first method, re-engineering, involves drastic changes that are very abrupt 

and generally are geared toward profit. The second method, refinement, uses small or 

gradual improvement but keeps the overall concept basically the same. This method 

allows for continual improvement with the hope of achieving something that has a long 

lasting effect but does not require any monumental change, such as restructure. 

Refinement allows the employees at a company’s lower levels to create new scenarios 

that could lead to improvements in the quality of work environment (Chang 1999, 191). 

Simulation technologies are an excellent tool for discovering how to improve processes. 

With simulation technologies, the designer of a process may continually change the 

model, allowing for changing dynamics within a company or industry.  

1.2 Simulation Technologies 

Simulation technologies are important tools and can aid in the improvement of 

company processes. Simulation modeling can reduce the overall cycle time for new 

processes because obstacles and areas for growth are identifiable early in the 

development phase of the design. This alone can save millions of company dollars when 

implementing a new process into practice, as the time wasters in a process are no longer 

hampering completion time (Glasscock 1994, 82). In the scope of this research report, the 

model aims to reduce time for product to reach the customer.  

1.3 Project Scope 

The concept of process refinement can take a current process, which is 

individualistic, and turn it into a team process. Using computer modeling software, such 

as ExtendSim, a company can build a new conceptual model that simulates the 

processing of inbound merchandise at the store level of a major retailer in the United 
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States. The refinement design has taken the current scenario to more of an assembly line 

process that keeps worker attention on whichever task they are handling for the duration 

of the unloading and unpackaging process. Currently, processing tasks include 

transporting the carton of merchandise to a set area, removing all shipping packing, 

paper, plastic, and occasionally hanging garments that are not on hangers prior to transit 

to the store facility. By creating this system, the goal is to save company work hours and 

also limit the physical and mental fatigue to the employees that use this process on a 

regular basis.  
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Chapter 2: Literature Review 
 

 Processes are an integral part of business regardless of industry type. In order to 

achieve profit, the ultimate goal of many companies, investigation needs to occur in the 

liabilities side as well as the assets side of the financial balance sheet. When looking at a 

balance sheet in terms of cost, one of the first areas under investigation is operational 

cost. Typically, this cost includes the resources and personnel responsible for running 

company processes. Commonly, companies use one of three methods to project workload 

and from this hour allocation occurs downstream within a company. By examining 

current projection methodologies or perhaps exploring more modern simulation methods, 

companies may be able to predict their workloads with more accuracy leading to better 

staffing decisions for company processes.  

2.1 Workload Projection Methodologies 

Companies are placing stronger emphasis on personnel productivity and 

performance due to industry competition and economic climate. Management is now 

looking towards new ideas for scheduling their employees in order to control cost. Three 

types of methods exist to forecast employee scheduling: extrapolation, managerial 

judgment, and computer simulation (Broadbridge 2002, 536). Each provides a different 

view of how to allocate staff and resources adequately and some may provide more 

questions than answers.  

2.1.1 Extrapolation 

Extrapolation focuses on using the current workload hours and projecting them to 

a future point. This method is common, especially in financial situations, to predict the 

future worth of an object on the basis of its current worth. This method is sometimes 
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ineffective as a predictor for workload because this analysis assumes that operational data 

is correctly identifying the number and type of staff necessary for each function of the 

company. If done correctly, this may be a good indicator for predicting staffing needs 

(Broadbridge 2002, 537). In addition to this method, some industries also use another 

method that could produce questionable outcomes.  

2.1.2 Managerial Judgment 

Managerial judgment is a qualitative approach that industries use when the 

emphasis is on customer service. One of the key issues with this approach is that 

companies who concentrate primarily on cost reduction through the lessening the 

employee pool may ultimately do so at the expense of their customer service goal 

(Broadbridge 2002, 537). This is becoming evident in situations where the employee pool 

is lacking to the point new product is not reaching the customer in a timely manner. If 

customers are not seeing the most up to date and current merchandise, customer service 

scores may see a decrease because of the lack of product selection. While this may have 

been providing effective forecasting in the past, a modern method to approach the issue 

of adequate staffing is through the use of computer simulation. 

2.1.3 Computer Simulation 

Computer modeling can allow for the formulation, execution, and validation of 

new ideas without disturbing the processes already in place for accomplishing company 

directives. In order to validate simulation models, companies can use historical data to 

check if the new processes are saving company time and money. The one issue with this 

approach is there can be too much quantitative focus on process improvement 

(Broadbridge 2002, 537). Data manipulation can easily make a new process seem like a 
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good course of action to pursue when in reality the process actually causes more harm 

than good to a company’s bottom line. In order to achieve an accurate and precise 

computer simulation, companies choosing this as a process improvement tool should 

carefully examine the results before making any conclusions on process adoption. The 

use of simulation may lend itself to finding ways of increasing productivity, decreasing 

cost, and may provide benefits beyond the financial statement.  

2.2 Simulation Modeling 

The use of simulation modeling can aid in the creation of new processing 

scenarios over a span of hours rather than weeks. The beauty of using computers to aid in 

the creation or redefinition of a process is there is no real impact to current company 

operations (Wood 1993, 19). The main push in deriving a new process or modifying a 

current process is to increase production while decreasing cost. Simulation modeling has 

been aiding in the discovery of appropriate manpower in several industries and can be a 

powerful tool when making decisions for company process improvement (Fremouw 

2011, 2). In addition, creating a new process can lead to other benefits such as lessening 

the possibility of employee injury.  

2.2.1 Increase Productivity 

 Companies are striving to find new methods to increase productivity in their 

processes. In a retail setting, support functions are vital in getting merchandise to the 

customer in a timely manner. One of the obstacles faced on a daily basis is staffing, but 

discovering where in the process the inadequate staffing occurs can be a bit troublesome 

and quarrelsome amongst the employees and managers. This is where simulation 

modeling can provide significant insights for projecting workload because this allows for 
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estimating amounts of staff and trying them in computer time as opposed to real time 

(Song 2006, 1). Also, the simulation of common work tasks may lead to discovering 

where the bottlenecks occur within a process; and proper adjustments can be made so that 

the goal can be met - customer service (Wood 1993, 18). By choosing the appropriate 

type and quantity of staffing, a company can better control projects leading to a better end 

result for customers and the company as a whole (Song 2006, 1). Additionally, simulation 

may be able to provide a more accurate depiction of cost for any given project within the 

support process structure. 

2.2.2 Decrease Operational Cost 

 Cost is a large constraint on the running of any project, regardless of the industry 

or business model. One problem that exists in projects throughout any industry is 

“padding” the hours necessary to complete a project. Typically, project hours are over 

estimated to account for the possibility of idle workers and any problems that could cause 

an overage of hours (Cernauskas 2008, 16). In order to lessen the impact of these two 

over estimates, companies can model processes with the productivity numbers they want 

to achieve on a project. By simulating desires on productivity, a company can then 

compare what is really happening to what they actually want to see in terms of 

production. By comparing their hopes to what is actually occurring, a company can 

determine problems and inconstancies. Simulation can provide a means of achieving 

constant improvement for processes; therefore, a better grasp of actual hours to complete 

a process. Simulation modeling can also aid in the improvement of processes by 

lessening the risk to employees. 
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2.2.3 Other Benefits 

 Beyond pay, one of the risks employees face is the possibility of their injury. A 

study by the Department of Manufacturing and Industrial Engineering at the University 

of Rhode Island discusses common warehouse processing practices and how these may 

impact workplace injury. While the modeling simulation in this research report examines 

the processing on a store level loading dock, the same concerns are still valid. The article 

from the University of Rhode Island shows the following statistic on workplace injury: 

“According to the Bureau of Labor and Statistics, overexertion was the leading 

cause of all worker injuries in the 1990’s, at almost 28%, with almost 46% of 

these injuries leading to lost work time of 21 days or more.” 

While statistic is not current, it still shows the importance of employee safety 

(Speredelozzi 2006, 3). This also parallels with productivity and cost as an injured 

worker typically will receive some sort of worker’s compensation during lost work time. 

When this worker is lost for some extent of time, the company is not just paying out 

money to the employee through worker’s compensation, but is also losing his or her 

productivity on the process. The two forms of injury most common in store level 

processing are lifting, which can cause overexertion, and fall hazard. 

Lifting injury is preventable by simply eliminating the handling of the same 

product multiple times. If the same worker is handling the same set of garments two to 

three times, this could lead to injury from repetitive action especially if the garments are 

not made from light weight materials. In addition to decreases in productivity, lifting and 

moving items multiple times can create unnecessary foot traffic. Both of these actions can 
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cause fatigue in workers and can lead to unnecessary workplace injury. While repetitious 

lifting and handling is easily solvable, fall hazard is a harder problem to control. 

Falling objects are a hazard for the team member who has responsibility out on 

the trailer. This person’s job is to get the cartons from the trailer into the loading dock via 

a set of conveyer rollers. This position may fall to multiple team members throughout 

unloading, meaning this is a safety concern for the entire receiving/processing team. 

Between the trailer traveling from significant distance and drop off at the store facility, 

the carton configuration inside the trailer may not be such that it ensures the safety of the 

worker who is handling the cartons. The cartons can be in an unstable formation and may 

occasionally fall, with little or no warning. While there is not a good method at the store 

level to control this beyond the worker’s instinct and reaction time, there may be options 

to control this risk upstream in the logistics process.  

For the reasons of productivity and cost, companies should invest time and 

resources into improving everyday processes. By creating new processes or updating 

current processes, companies may be able to adjust risk to workers by taking out current 

practices that may pose a danger to employees. Utilizing a program such as ExtendSim 

can lead to achieving better results while creating easier and less stressful work 

environments.  
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Chapter 3: Research Procedure 

In the research study, computer simulation aids in the discovery of possible 

methods of processing new merchandise. The model communicates a new method that 

involves quality control in sorting as well as security tagging standards. This model also 

builds in worker safety as this feature as this is extremely important to the workers and 

the employers considering a new workplace processes. 

3.1 Model Purpose 

This model examines an alternative method to approach processing inbound 

merchandise at the store level of a major, national retailer. The original model, seen in 

Appendix C, is considers conditions for the spring of 2012. The model version, seen in 

Appendix B, account for updates and additional responsibility requirements as of spring 

2013. From this point forward, the model from spring 2012 will be “Model 1.0” and the 

new model for spring 2013 will be “Model 2.0.” The purpose of this research study is to 

determine whether or not the new method of merchandise processing saves time, adds 

time, or has no impact on the overall time necessary to complete merchandise processing 

requirements. Model 2.0 does account for lessening the amount of foot travel for each 

worker, a concern with the process currently in place, by using the runner position. These 

individuals are the only team members moving from trailer to station, which lessens the 

amount of time associates spend in transit. By setting stations, the non-runner team 

members can focus solely on processing the merchandise to company standard.  

3.2 Data Collection 

Data collection can be the most integral part in a modeling process as this is 

necessary to produce accurate results. For the models in this research study, estimates 
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were made of the time necessary to complete processing requirements for inbound 

merchandise.  

Disclaimer: The data collection for this modeling process is solely observation and is 

not actual, physical data for a company store level loading dock. The estimation inputs 

in this model are in no manner adequate substitutes for actual company data.  

3.3 Model Formulation 

In order to formulate a model, assumptions and controls need to be in place and 

have clear definition. Process models contain seven stages of development. This chapter 

contains the first five stages, which define the model inputs and describe the physical 

structure. The chapters following this one contain the sixth and seventh stages of model 

development, analysis and future implementation respectively. In order to create the 

model, the following assumptions and the control variables define the inputs for the 

simulation research. 

3.3.1 Assumptions 

 This model has two primary assumptions. First, this model assumes that all 

workers in the process are of equal ability and have the same hour allotment in terms of 

scheduling.  The second assumption is all necessary equipment and materials are readily 

available at the beginning of each shift. This model also operates under the assumption 

the amount of equipment and supplies needed for security tagging is limitless. In reality, 

both are constraints in completing the objectives necessary for preparing the merchandise 

for the sales floor. The model also requires constraints that define the process boundaries, 

such as start time and finish time.  
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3.3.2 Event Scheduling 

The model run begins when the first carton leaves the queue representing the 

trailer cab. In Model 2.0, this is the first queue with the label “Trailer.” The model run 

ends when the final carton leaves the system through one of the four equipment exits. The 

number of simulation runs will be 750, which represents five years of data. This research 

study contains four staffing configurations; there will be a simulation run of 750 trailers 

for each staffing configuration.  

3.3.3 System Performance Data 

Within system performance data, there are two areas to consider for building a 

model. The first area is data collection, which describes the input data necessary for the 

model to produce outputs. The second consideration is the actual data capture and how 

that plays into the analysis of the research project.  

Data Collection 

A good estimate of for deciding whether or not a project can be a valid solution is 

to observe and analyze process results over a period of five years. The below equations 

represent the modeling assumption for trailer data: 

Typical trailers = 2 per week * 52 weeks per year = 104 trailers per year  (Eq 1) 

Simulation run of 5 years = 150 trailers per year * 5 years = 750 trailers   (Eq 2) 

** Note: The trailer quantity in the simulation is 150 per year. This is due to the increase 

merchandise volume for the holiday season (October – December). 

 The quantity of cartons per trailer is a range from 400 to 700 based on observation 

of trailer cartons. In order to analyze model results, the data will need to further study 

beyond the recording in Excel.   
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Data Analysis 

 During the model output, data will write to an Excel spreadsheet. Each type of 

“Transfer Equipment” will output the average cycle time it will take for one run, or 

trailer, from beginning to the process end. Total trailer time: 

Total Time = Flatbed + Hanging Transfer + Three Shelf Cart + Two Shelf Cart     (Eq. 3) 

 The total time from the collection process will be necessary to complete the 

analysis of the model. The analysis of this data will aid in the determination of whether or 

not this model can yield a faster processing time.   

3.3.4 Control Variables 

In this model, the distribution of the type of merchandise is a control variable. The 

activity time requirements to complete processing tasks will always fall within the input 

activity range. The time interval for each processing activity is the result of a random 

number generation, which is on the basis of the input distribution. The control variable 

inputs have further explanation in the Logic Structure section of the research report.  

3.3.5 Logic Structure 

The logic structure for this model is relatively simple. The run will begin when 

the first carton enters the process and will terminate when the final carton leaves the 

process. The following procedure provides a brief outline of the model structure and 

inputs. 

Step 0: Initialize Model 

 At the beginning of the model, the number of items on the inbound trailer is 400 

to 700, depending on the random quantity from the input distribution. At this point, the 

cartons undergoing process activities are zero.  



       - 18 - 

Step 1: Enter Merchandise Processing 

 This begins when the first carton leaves the trailer and moves into the processing 

activities. Cartons will enter the process one by one until all cartons in the shipment have 

gone into processing activities.  

Step 2: Receiving Team - Runners 

 As the carton enters the system, it will arrive first at the runner position. The 

number of members in this position is under the control of the resource pool “Runners.” 

After the runner’s task is completed, the team member returns to the pool and is ready for 

the next carton. If all runners are busy with a task, the cartons will remain on the 

conveyor rollers until the next available team member arrives for assignment. 

Step 3: Processing Team - Stations 

 Once the runner drops off the carton at the appropriate processing station, or in 

some instances its contents only, the processing team takes over responsibility of the 

carton. There are two types of processing, hanging and non-hanging. Each type of 

processing has a resource pool for team members. If a carton is brought to a station and 

all members are busy, the carton will wait for the next available team member.  

Step 4: Should the simulation terminate?  

 The simulation should terminate only if the items completing processing activities 

match the carton generation at the beginning of the model. If all cartons have not gone 

through processing activities, the process continues.  The entire simulation will terminate 

after 750 simulation runs.  
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Simulation Model Inputs 

Each piece of the processing scheme for this research study is based on the 

probability that the processing event may occur on any given inbound trailer. The 

probability of each individual event as well as the process flow can be seen in Appendix 

A. The probability associated with each event is shown in parenthesis behind the actual 

event in the processing track.  This model contains eight probability combinations of 

what may happen in terms of merchandise processing. An example of a processing track: 

Track #1 – Reference Appendix A  

The carton begins at “Select Processing Type.” The first branch point in the 

probability tree is Type #1 v. Type #2. For this track, the “Type #1 Processing” branch is 

the selection and the probability of this type of processing is 0.4 or 40% of the time. The 

next decision point in the diagram is where the carton goes into the next stage of 

processing. For this track, the next step “Transfer to Flatbed” occurs at a probability of 

0.4 or 40% of the time. Since these two events are independent of one another, the 

probabilities multiply together to form the overall probability of the events pertaining to 

Track #1. The total probability for this example track: 

P(Type #1 and Transfer to Flatbed) = P(Type #1) * P(Transfer to Flatbed)             (Eq. 4)  

          = 0.4 * 0.4  

          = 0.16 or 16.0 % of the total load of the trailer 

The figure below summarizes the probability of each processing track shown in 

Appendix A. Each track begins at “Processing Type Selection” and ends at the color 

indicator as seen in Appendix A as well as in the table below. 
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Processing Track Color Indicator Track Combinations 

 

Total Load (%) 

#1 Blue 0.4 * 0.4 0.16 or 16.0% 

#2 Brown 0.4 * 0.3 0.12 or 12.0% 

#3 Teal 0.4 * 0.3 0.12 or 12.0% 

#4 Green 0.6 * 0.6 0.36 or 36.0% 

#5 Red 0.6 * 0.4 * 0.2 * 0.4 0.02 or 2.0% 

#6 Orange 0.6 * 0.4 * 0.2 * 0.6 0.03 or 3.0% 

#7 Violet 0.6 * 0.4 * 0.8 * 0.2 0.04 or 4.0% 

#8 Pink 0.6 * 0.4 * 0.8 * 0.8 0.15 or 15.0% 

Total   1.00 or 100.0% 

Figure 1: Summary of Probabilities from Process Flow Diagram 

Each processing track represents a different combination of processing events or 

tasks for different types of merchandise. Figure 1 shows the different routes a carton of 

new merchandise might travel during the course of the processing. 

In addition to the probability of merchandise type, there are also time 

requirements for each type of activity in processing. Depending on the type of 

merchandise and the quantity of pieces within the carton, processing requirements may 

take no time or several minutes. Each event in the process has an estimate of the time 

requirement for carton completion. The events below describe the estimate range of the 

time requirements.    
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Processing Activity Minimum Time (Minutes) Maximum Time (Minutes) 

Runner – Type 1 0.25 0.50 

Runner  – Type 2 0.25 0.50 

Cosmetics 0.25 0.50 

On hanger, remove packing 0.00 1.00 

On hanger, security tagging 0.25 1.00 

Non-hang, remove packing 0.25 2.00 

Non-hang, security tagging 0.25 2.00 

Folded, needs hanging 0.50 1.00 

Figure 2: Summary of Activity Times 

 The above activity times are best estimates of the time requirements necessary to 

complete activities for an inbound trailer. To see how each activity applies to the new 

process, see Model 2.0 in Appendix B.  

3.4 Model Validation 

In order to prove the model produces valid results, the data from simulation would 

need verification. One method of achieving verification would be comparison to 

company historical data. For the purposes of this simulation, validation is on the basis of 

whether or not the total process time falls within the range of 30 to 40 hours of actual 

processing time. This observation is the typical range of possible trailer hours and is a 

best estimate of the time requirement.  
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3.5 Model Execution 

For the purpose of Model 1.0 the quantity of staffing is constant. Model 2.0 will 

have 4 individual trails to explore staffing quantity. Each simulation run will consist of 

750 inbound trailers, representing the production of the processing team over five years.  

Trial # Staffing Quantity Staffing Configuration 

1 8 2 Runners 

3 Hanging Goods Processors 

3 Non- Hanging Goods Processors 

2 7 2 Runners 

3 Hanging Goods Processors 

2 Non- Hanging Goods Processors 

3 6 2 Runners 

2 Hanging Goods Processors 

2 Non- Hanging Goods Processors 

4  5 2 Runners 

2 Hanging Goods Processors 

1 Non- Hanging Goods Processors 

Figure 3: Staffing Quantity and Configuration 

The simulation runs above are on the basis of what combination may work best 

for the loading dock at one location. These configurations are adjustable depending on 

the space allotment at other facilities. Comparisons between the results as well as 

comparison to results from Model 1.0 will show that simulation modeling can be a 

powerful tool to modify processes and determine staffing requirements.  
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Chapter 4: Project Results  

This research study has two very different sets of outputs. The first set is position 

descriptions for each activity in the process. Secondly, the model output data shows the 

results of 750 trailers for four staffing configurations. In order to determine if the model 

process produces realistic results, comparisons to total hour observations and previous 

modeling are necessary. Finally, the analysis will aid in making recommendations and 

conclusions for the use of the model in a real time setting.    

4.1 Processing Duties Descriptions 

 For every process, requirements of the position need to have clear definition. For 

the process in this study, there are three clear roles: runner, hanging goods processor, and 

non-hanging goods processor. Each position performs an integral piece of the inbound 

merchandise process.   

Position 1:  Runner  

 This team member performs the first step in the process. When merchandise 

arrives in the facility, the product arrives in cartons and each has an identification tag that 

describes the merchandise in terms of the store area. The role of this team member is to 

take merchandise from cartons to the appropriate processing stations. To correctly 

perform this function, the runner needs to have a working knowledge of store security 

requirements and how to locate this data on the carton label. If the carton does not require 

security tagging and is on hangers, the runner would place the garments on the 

appropriate transfer rolling rack and remove all packing materials. If the product is on 

hangers and requires security tagging, the runner would take these to the hanging 

garments processing station. If the product is not on hangers, the runners would take the 
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garments to the non-hanging processing stations.  Occasionally, garments will arrive but 

hangers will be in the bottom of the carton. These garments are the responsibility of the 

non-hanging goods processors. 

Position 2: Hanging Goods Processor 

 This team member is responsible primarily for security tagging merchandise 

brought to the station by the runners. The team also is responsible for removing any 

packing material on the garments. Once the garments have appropriate tagging, they are 

ready for transport to the next stage of the support team structure.  

Position 3: Non-Hanging Goods Processor 

 This team member is responsible primarily for security tagging merchandise 

brought to the station by the runners. The team also is responsible for removing any 

packing material on the garments or objects. The product is then placed on the 

appropriate transfer cart and they are ready for transport to the next stage of the support 

team structure. The team assignments can be adjusted so that utilization can be at a 

maximum. Using this system would allow for easier worker flow as workers would not 

be each other’s travel path or in each other’s space as they are trying to complete the 

necessary merchandise processing tasks.  

In order to create activity times for the positions above, estimates had to be made 

for activity completion times. Observations can serve as a good base for estimating 

whether or not a process in a proposal state could be a benefit to a company; however, 

before any formal decisions are made regarding acceptance in to workplace practice, 

modeling data and the simulation results need careful verification to ensure that they are 

on target with the company goals and expectations for production.  



       - 25 - 

4.2 Data Analysis 

The first stage to examining model data is to determine if the research data fits 

within the constraints. The process for analyzing data starts with eliminating data outside 

of the range of acceptable values. Next, analyzing the remaining data will determine if 

the process fits within the normal range of data for processing requirements. The last 

stage is making comparisons easy to follow through a summarization of results. 

Determining Outliers v. Real Data 

 Each worker simulation needs to have a set of cutoffs, or outliers, to maintain 

quality analysis. The estimate range of trailer time is 30 to 40 hours. In addition to the 

typical average, there are also two limits trailer hours fall within, an upper limit and a 

lower limit. For this research study, the lower bound limit is 20 hours and the upper 

bound limit is 50 hours. The model output generates the total number of hours per 

worker, or the shift to complete work. If a shift has five workers and total hours are 30: 

Shift = Total Trailer Hours / Number of Workers = 30 /5 = 6 hrs/worker                 (Eq 5) 

In order to determine the outliers for a process, the same mathematics applies to the upper 

and lower bounds of trailer hour data. The table below summarizes the ranges for typical 

shifts for processing an inbound trailer. 

Worker Quantity Average Shift Lower Bound Upper Bound 

8 3.75 – 5.00 2.50 6.25 

7 4.30 – 5.70 2.85 7.15 

6 5.00 – 6.65 3.35 8.35 

5 6.00 – 8.00 4.00 10.00 

Figure 4: Real Time Comparison Data 
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 In order to eliminate outlier data, each set of model data needs comparison to the 

table above. For the model containing eight workers, the analysis should include only 

total processing times that fall between the upper and lower bounds of 2.50 hours and 

6.25 respectively. The same concept also applies to the other three worker quantity trials. 

After outlier elimination, the data comparisons can occur. Comparisons will occur 

between ExtendSim results and estimates from a previous model. 

4.2.1 Comparison: Real Time Estimate v. Model 2.0 

In order to discover if the model results are creating an impact, the average trailer 

time from the collection data needs comparison to the real time estimate data in Figure 4. 

Each worker trial produces similar results and are in summary below.  

Disclaimer: The results for this modeling process are on the basis of observation and 

are in no manner adequate substitutes for physical company data.  

Trial # Quantity Min. Shift Max. Shift Avg. Shift Fig. 4 Data 

1 8 2.95 6.23 4.81 3.75 – 5.00 

2 7 3.13 6.61 4.93 4.30 – 5.70 

3 6 3.33 6.68 4.94 5.00 – 6.65 

4 5 3.60 6.59 5.12 6.00 – 8.00 

Figure 5: Real Time v. Model 2.0 Comparison 

  The data from the research study shows that this computer modeling can be a 

useful tool in formulating a model. Modeling allows for producing several different trials 

to observe process results, and the trials may be useful in making decisions on whether or 

not an option can be a beneficial. In addition, the same computer simulation model can be 
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an improvement tool simply because it can have minor adjustment and simulation can be 

rerun, allowing for new process evaluation.   

4.2.2 Comparison: Model 2.0 v. Model 1.0 

In a previous research study, Model 1.0 shows a process similar to the process in 

this research study. To show adaptability, Model 2.0 contains updates that create a more 

realistic process. The updates, Model 2.0 conditions, are in comparison to the 

predecessor, Model 1.0. 

Model Input Model 1.0 Model 2.0 

Carton Quantity 300 400 – 700 

Trailers per Model Run 1000 750 

Staffing Quantity 8 5 – 8 

Activity Times N/A         Decrease Multiple Times 

Decision Tree Branch Points N/A Change Multiple Probabilities 

Figure 6: Model 1.0 v. Model 2.0 Inputs 

 The purpose of comparing the two models is to show the difference in overall 

results and how model modification can achieve more realistic results. The figure below 

shows Model 1.0, containing eight workers, and Model 2.0, Trial #1. This trial also 

contains eight workers.  

Model Version Min. Shift Max. Shift Avg. Shift 

1.0 3.46 7.65 5.45 

2.0 2.95 6.23 4.81 

Figure 7: Model 1.0 v. Model 2.0 Outputs 
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 The two models produce different times because of the activity time estimates in 

Model 1.0 are much higher than the activity time necessary to complete activities. To 

allow for this correction, Model 2.0 addresses the issue by altering the activity time 

necessary such that the times are a more accurate reflection of the time requirement.  

4.3 Conclusions 

According to the results of all four trials, the necessary shift for this research 

study is roughly a five hours for each worker. In comparison to real time processing, this 

number is pretty on point with the number of hours necessary to finish requirements. 

Which brings up the focus of this study, is this model yielding a faster processing time? 

The answer is the results are inconclusive. The processing times are only slightly quicker 

than the real time comparison, meaning the system does not have a large impact. 

However, this may be the system input data or an oversight in the actual structure of the 

model. The issue with using observation alone to obtain data is that it has a lot to do with 

perception and can be at the discretion of the observer. In comparison to real time 

observations of 30 to 40 hours, the new process seems to yield similar results.  

The average shift for the first three trials, as seen in Figure 5, show the average 

shift length falls within or very close to the expected range shown in Figure 4. However, 

the Figure 5 shows that the average shift for Trial #4 takes less than the average shift one 

would expect with a staff of five workers. This may be the result of experimental error, 

and the analysis should have careful examination before any utilization of this option is a 

consideration for workplace staffing requirements. Having this process run with real 

company requirements could lead to more concrete results.  
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In order to achieve the most complete and accurate simulation model, a company 

must clearly define all constraints, activity times, and have metrics to measure against the 

model’s performance. One of the research issues on this project is the support of the 

project through the use of company data. In addition to data, the knowledge regarding 

company standard has been an issue. Without these pieces of information, the model 

verification is on the basis of observation only and an accurate perception of whether or 

not this model can be successful is unattainable.  
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Chapter 5: Suggestions for Future Work  

 
The model in this research study is a start of what could be eventually be a 

working model for inbound merchandise processing. This model is the first step to 

finding a new method that allows for quicker process times and less worker repetitive 

movement. In order to determine if the model can be applicable across the company, 

analyzing real company data is necessary because without company known constraints, 

such as staffing and company requirements of employees, the model is simply a tool that 

may work. After analyzing the future suggestions, the model may become working 

process development tool for not just the processing component of the support team, but 

the entire support team. In addition to application across the company, this research study 

allows for additional processing ideas to come to light. The section batch processing 

explores the introductory framework and potential impact this modeling concept may 

have on merchandise processing.  

5.1 Company Information  

 The use of company data is important for the validation process of a model. 

Currently, the research model includes several assumptions which need validation. 

Access to this data would allow for adjustment of the trailer loading probabilities in 

Figure 1. Also, actual data would allow for a better estimate of the probabilities at the 

decision points in the process flow probability diagram in Appendix A. Knowledge is 

paramount in creating and adjusting processes, and this knowledge can be a benefit to 

more than just one store, district, or region.  

 Access to the knowledge of peers within a company is vitally important as this 

can aid in creating more efficient and productive processes within one’s own team. 
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Knowledge management employs three principles in order for success: policies, 

structures, and technologies. By using these principles, a company will be able to 

develop, apply, and create sustainable competitive advantage (Rich 2002, 7). If the 

simulation model of merchandise processing produces valid results, then an 

implementation schedule could be set up such that the model could be shared company 

wide. This could be as simple as applying it first to a test store, then that store’s entire 

district, then region, then nationally. The process would only move up to the next level of 

implementation if the current level is proven valid and produces successful results. In 

order to successfully share this knowledge, a communication system would need to be in 

place so that the operating guidelines of the new processing method are sharable 

company wide.  

5.2 Beyond the Processing Team 

 ExtendSim is a versatile program that may apply to several store and/or company 

functions. Currently, this research report explores processing team improvements; 

however, the entire support structure from trailer, to carton, to store fixture can be the 

subject of an ExtendSim model. In order to create a process this large in ExtendSim, the 

manufacturer’s version is necessary as the student version has model size limitations. 

This program can also have uses in other company processes, such as determining the 

amount of sales associates necessary for different sale events. ExtendSim provides a tool 

to analyze issues without causing disruption to customers and employees, in all a 

beneficial system when exploring new options and process scenarios. 
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5.3 Batch Processing 

Batch processing is a method that is common in distributions centers for a variety 

of industries. Batch processing typically involves moving merchandise on pallets, and 

then at some future point splitting the batch of cartons into smaller groupings 

(Speredelozzi 2006, 2). The model in this research study imitates this concept at the store 

level loading dock. Given the constraints of time and space, can batch processing be an 

applicable solution? 

During the course of this research study it became apparent that batch processing 

concepts are applicable to loading dock processes, as some concepts are currently in use 

on loading docks. On the basis of observation, it is feasible that some sort of batch 

processing may create a better use of hours; however, this type of processing may have 

limitations.  

5.3.4 Sample Batch Model 

The purpose of batch model is to determine if this can be a functional working 

process for the store support side of a major Untied States retailer. The batch processing 

model, in Appendix D, shows a schematic of what this process might look like if put into 

practice.  

Model Process 

The sort process for cartons as they come off of the inbound trailer will travel to 

one of five areas: Women’s, Men’s, Children’s, Home Store, or Center Core. All 

receiving/processing team members will empty the trailer and sort according to the five 

major store areas. The merchandise will stay in carton until the entire inbound trailer is 

empty.  
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Once the trailer is empty, team members will receive an assignment, with 

preference to the areas containing the most merchandise in the shipment. In order to fully 

understand sorting requirements and processing standards, Figure 8 provides clear 

definition. 

 Women’s Men’s Children’s Home Store Center Core 

Unpack All Clothing Clothing Sheets 

Towels 

Appliances 

Cosmetics 

Intimate 

Handbags 

Sort Junior/Impulse 

Misses 

Seasonal 

Special Sizes 

Suits/Dresses 

Young Men 

Sportswear 

Furnishing 

 

 

Boys 

Girls 

Housewares 

Textiles 

Luggage 

China/Crystal 

 

Cosmetics 

Handbags 

Accessories 

Jewelry 

Intimate 

 

Figure 8: Sorting Rules 

Appendix D shows what this process model may look like using ExtendSim to 

provide a computer simulation. Utilizing a process similar to this may provide benefits 

but may also have limitations because of workplace constraints.  

5.3.5 Benefits  

This system provides a method of sorting merchandise so that the next group in 

the support process can get product to the sales floor as quickly as possible. In reference 

to Figure 8, each larger area has subdivisions to further sort the merchandise. If the time 

and staffing is available, it may be possible to further divide the subdivisions. Dividing 

the subdivisions further would entail dividing the merchandise by brand. By sorting each 

subdivision into brands, the merchandising associate would be able to quickly discover 

the amount of old product that needs to move to new fixtures in order to make room for 
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the new items coming into the store. The better the merchandise sorting, the easier it 

becomes for the next team to allot space on the sales floor for the new product as well as 

allot space for merchandise already available to customers. While this sorting concept is 

good ideally, there may limitations that allow for less sorting capability.   

5.3.6 Limitations 

Depending on the store, the loading dock area may provide space limitations and 

possibly receiving/processing staffing limitations. First, the space on the loading dock 

may be plentiful or minimal. In the instance where space is not an issue, the batch 

processing concept might work very well as the space for sorting the trailer will not be a 

problem. On the other side of the same argument, if a facility has space limitations the 

batch processing standards for sorting would need evaluation to maximize the amount of 

sorting possible. The second issue with batch processing is staffing. This may be solvable 

by having the merchandising associates help with the processing requirements after the 

receiving process terminates. The merchandising associates should know the security 

standards for the areas they are responsible for merchandising, which makes these 

individuals good for fill in staffing, assuming they have been given training on security 

tagging standards. The idea of batch processing is an option that may be applicable to 

eliminating sorting issues. However, more exploration is necessary before making any 

conclusions. Using a model similar to Appendix D would be the first step in taking 

initiative to investigating a new sorting process.  
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