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ABSTRACT

This research study focuses on the business process 
reengineering of the dimensioning process of imported 
stock-keeping units (SKU) in a distribution center 
for a company that specializes in the sale of home 
improvement products and construction materials. The 
study involved a time and motion study of the process 
using the spaghetti diagram tool, which highlighted the 
factors that were impacting the process and those that 
may optimize it. This led to an increase in productivity 
and a decrease in idle time, allowing for quicker 
measurement of the SKU universe. The study also led 
to the configuration of a system using the correct data, 
which streamlined warehouse operations.

Keywords: reengineering, SKU, process, productivity, 
warehouse. 

INTRODUCTION

In today’s constantly evolving market, companies must integrate 
their processes, functions, and positions to be more competitive, 
adaptable to change, and make efficient use of resources (Olvera-
Moran et al., 2023). This case study focuses on a company that 
has been operating for two years in Mexico and is seeking to 
position itself against its main competitor, The Home Depot. 

However, due to the lack of well-defined processes in different areas 
such as receipt, data measurement, shipping, and warehousing, 
the company must seek standardization to achieve success 
(Rodenes et al., 2001). Efficiency in processes is crucial to the 
success of any business. This is where reengineering comes into 
play, allowing companies to optimize their operational resources 
and make improvements within their processes with minimal 
investment. The goal of this case study is to implement projects 
locally without seeking advice from LatAm operations, as it would 
require the Logistics Department to invest part of its budget.

This study aims to improve the measurement of master data by 
using the reengineering technique in measuring logistic data. A 
tool called spaghetti diagram, which is a part of Lean Six Sigma 
(LSS), is used to obtain time and movement measurement data. 
The objective is to increase resource productivity and decrease 
idle time. The research is relevant and novel because any national 
or international company that seeks continuous improvement can 
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apply the methodology to obtain various benefits 
such as monetary gains, increased productivity, or 
time efficiency.

The hypothesis proposed is that the application of 
reengineering in the process of measuring master 
data helps to reduce downtime and increase staff 
productivity in a company dedicated to home 
improvement and the sale of construction materials. 
The results can be measured using key performance 
indicators (KPIs). 

However, there are certain limitations. The level of 
priorities for the operation, such as the distribution 
and assortment of products, may cause delays 
in the work plan and sometimes prevent carrying 
out the tasks to obtain product data. Additionally, 
the personnel–who are hired through a service 
provider–may lack commitment or may not attend 
work, which can impact the work plan. As with 
any industry process, human resources become 
critical in making it possible to comply with the 
programmed work plan.

Research Problem

How to reduce idle time and increase productivity in 
the master data dimensioning process?

The objective of this research is to find ways to 
reduce the idle time of operators and improve pro-
ductivity in the subprocesses of master data dimen-
sioning of a company that offers products for home 
improvement and the sale of construction materials. 
To achieve this, the Lean Six Sigma tool spaghetti 
diagram will be used, with the two main objectives 
being to reduce idle time by 50% and increase pro-
ductivity by 80%.

Hypotheses

H0: There is no mean difference between perfor-
ming the process in the usual way and implemen-
ting the spaghetti diagram for time optimization.

H1: There is a significant mean difference between 
times on one process and the other.

Therefore, the decision rule is established under a 
significance level of α = 0.05.

Decision rule:

If −1.96 ≤ z ≤1.96, H0 is accepted.

If z >1.96 or z <−1.96, H0 is rejected.

Background Research

Previous applications of LSS and its continuous 
improvement tools in other organizations 
have shown promising results. Ticona (2022) 
applied Lean Six Sigma to repair breakdowns in 
communication links, resulting in improvements 
in the reduction of report resolution time by 37% 
and 300% in the reduction of repair time. Similarly, 
Torres (2019) applied the spaghetti diagram to 
improve a production line, resulting in an increase in 
production by 10%, the elimination of activities that 
do not add value, and the optimization of distance 
to transport material by 40%. Lastly, Martínez et 
al. (2016), through the application of value stream 
mapping and the spaghetti diagram, managed to 
optimize patient waiting time by 67%.

Theoretical Framework

Resource optimization is a new administrative mo-
dality that has emerged within the processes. Ac-
cording to Freihat (2020), it involves implementing 
various tools such as technology, quality analysis, 
process diagrams, subprocess analysis, and ma-
pping of the stream of goods to improve what is 
already considered to be done well. However, it is 
important to note that this optimization process is 
called process reengineering. Heizer and Render 
(2007) suggest that reengineering requires exami-
ning the current process and the objective to achie-
ve significant improvements. Meanwhile, Lefcovich 
(2004) and Moreno and Parra (2017) state that re-
engineering involves recreating and reconfiguring 
the company’s processes and activities, which im-
plies reconfiguring the company’s systems.

As the authors suggest, reengineering involves a 
complete examination of a process and all the parts 
that make it up, including subprocesses, followed 
by the implementation of continuous improvement 
tools to change the current way of working to achie-
ve monetary, production, waste reduction, or time 
optimization benefits, among others. According to 
Pérez et al. (2017), reengineering can greatly bene-
fit companies if done correctly, by improving perfor-
mance and reducing costs. Lefcovich (2004) argues 
that reengineering should be used to leverage a 
company’s strengths and eliminate its weaknesses.

It is worth noting that there are various methods and 
philosophies to implement, measure, and standardi-
ze these improvements. One such method is Lean 
Six Sigma, as explained by Escobedo and Soconni-
ni (2021). This philosophy eliminates variability and 
reduces cycle times and costs. To achieve process 
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improvement, the Lean Six Sigma methodology 
employs various tools and follows a five-step pro-
cess known as DMAIC: define, measure, analyze, 
improve, and control.

According to Womack and Jones (2003) and Gar-
cía (2021), lean manufacturing is a methodology 
that helps companies improve their relationship 
with customers, product development, manufac-
turing, and supply chain management to produce 
high-quality products using fewer resources. This 
is achieved through strategies that improve opera-
tions and optimize available resources.

One of the tools used in the Lean Six Sigma me-
thodology is the spaghetti diagram. As per Álvarez 
(2016), this diagram is a graphic representation of 
the movements performed by operators in a work 
area. It helps to map these movements and deter-
mine the correct layout of machines or workstations 
to create a lean process. The spaghetti diagram 
also reduces the time taken to perform tasks or sub-
processes and avoids unnecessary movements. 
According to Locher (2017), the spaghetti diagram 
visually represents how information, services, or 
products physically move. It uses the layout of a fa-
cility or a designated area within a facility as a bac-
kdrop for the map. The location at which each step 
is performed is noted on the map.

One of the tools used in Lean Six Sigma is called 
just-in-time (JIT). According to Sánchez (2004), JIT 
is a philosophy that aims to eliminate all forms of 
waste in company activities, such as manufacturing, 
distribution, and office work. As summarized by Lef-
covich (2005), the ultimate goal of JIT is to eliminate 
anything that does not add value to the product.

To maintain continuous improvement, Lean Six Sig-
ma must control, improve, and standardize proces-
ses. One method for doing so is through the use 
of Kaizen, which is described by Delers (2016) as 
a process of continuously adapting processes and 
tools to achieve better results. This tool involves 
making small changes that do not require a large 
investment. Everyone in the organization needs to 
participate for Kaizen to be effective.

Standardization plays a vital role in ensuring that 
the best practices are followed to improve efficiency. 
It helps to reduce waste and makes abnormalities 
within the processes more visible. Improvements 
within the processes never end. In short, standar-
dization eliminates the use of alternative methods 
that are less efficient.

METHODOLOGY

This research is a quantitative study, which invol-
ves collecting numerical data and using statistical 
analysis to detect behaviors and test theories, as 
defined by Hernández and Mendoza (2018). In this 
particular study, inferential statistics were applied 
to measure the average times taken to complete 
a task without optimization using the spaghetti dia-
gram. Borda et al. (2013) mention that inferential 
statistics involves a set of statistical procedures and 
techniques used to obtain conclusions based on 
data obtained from a sample or population.

The spaghetti diagram, which graphically repre-
sents each movement of the operators within the 
assigned work area, was used during the research 
process. The purpose of this tool is to avoid rework 
or unnecessary movements that may tire the opera-
tors and involve long trips, which ultimately translate 
into more time for them to carry out their activities.

A total of 30 samples (n = 30) were collected for 
each of the three subprocesses over a period of 10 
days. These subprocesses included collecting the 
product from its location and transferring it to the 
work area, obtaining logistical data, putting away 
stock-keeping units (SKUs) into their assigned pla-
ce within the warehouse, and finally capturing the 
data in the warehouse management system (WMS). 
The logistical data included dimensions of packa-
ging presentations, such as unit pack, inner pack, 
and master pack, as well as other measures such 
as height, width, length, weight, units per box, vo-
lume, boxes per layer, layers per pallet (TI/HI), and 
unit packs per pallet. The next step is putting away 
SKUs into their respective place within the ware-
house, followed by capturing all the data in WMS.

Upon identification of all the subprocesses perfor-
med within the work area, time and motion mea-
surements of the activities were taken. Meyers 
(2000) states that time and motion studies are 
cost-saving tools, as they help to reduce transfers 
and increase productivity time. The productivity 
time of a population of three workers in seven-hour 
shifts was measured using a stopwatch, with time 
measurement recorded in minutes. Data collection 
was carried out for 10 days by taking samples of 
the subprocesses’ time.

Tools were implemented to reduce time and increase 
productivity based on the obtained data. As a result, 
the process and its components, which are subpro-
cesses, were studied extensively. If the sequence is 
carried out appropriately, all elements must flow or 
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transmit the information to the next phase correctly. 
Reengineering requires focused work in the chosen 
area, using multidisciplinary teams, information te-
chnology, project leaders, and data analysis.

RESULTS

The company aims to improve this process without the 
intervention of the countries where it operates. While 
advice can be requested from other countries of ope-
ration, it involves high costs for the transfer of geogra-
phy and distance. Therefore, it is advisable to allocate 
this budget to other innovations or developments. The 
company should prioritize studying and starting pro-
cesses from scratch, and implementing improvements 
through a continuous improvement project.

In the study of times and movements, the first step 
is to collect time samples of the activities performed. 
As mentioned by Palacios (2016), studying time is 
essential to determine the time a qualified and trai-
ned operator takes to perform a task with the neces-
sary tools in an appropriate environment.

There are several techniques to study time, and 
in this case, the stopwatch technique was used to 
measure time. This technique was developed by 
Frederick W. Taylor. For each of the sub-processes, 
three random samples were taken over ten days, 
making a sample size of 30, and then obtaining an 
average per day (Table 1). The overall average for 
each sub-process was then determined at the end 
of the data collection.

During a 7-hour working day, 40 SKUs were mea-
sured using the following process. The picking and 
putting away processes of each SKU took 11.4 mi-
nutes, divided into two phases: picking (5.7 minu-
tes) and putting away (5.7 minutes). The dimensio-
ning process took 5.3 minutes per SKU, for a total 
of 3.2 hours. Finally, in data capture, the average 
time was 1.2 minutes per SKU. In total, 40 SKUs 

were measured in a 7-hour working day. During the 
dimensioning phase, there was an idle time of 3.7 
hours, and during data capture, there was an idle 
time of 6.2 hours. A summary of this data is presen-
ted in Table 2.

Table 2. Summary of Initial Process Time.

Picking/
Put Away Measure Capture

Minutes per SKU 11.4 5.3 1.2

Hours per Day 7 7 7

SKU per Workday 37 37 37

Idle Time 0 3.7 6.2
Source: Prepared by the authors.

To improve productivity and reduce idle time, a Six 
Sigma tool called spaghetti or flow diagram was 
used to study times and movements. 

In this case, the distribution center was the produc-
tion facility or work center, and the SKUs to be mea-
sured were the products or services. The red arrows 
in the spaghetti diagram represent the movements 
made by the resource within the warehouse loca-
tions for the picking of the product. Each movement 
made was noted in the layout of the distribution cen-
ter. As shown in Figure 1, the movements were di-
sorderly and meaningless, resulting in long picking 
times, very little productivity in the dimensioning, 
and idle time for data capture in the system.

This type of flowchart helps to identify problems that 
may arise from the current location of steps within 
a warehouse and the picking subprocess (Locher, 
2017). By visualizing the paths taken, improve-
ments can be made to the process, resulting in cost 
and time reductions.

Figure 2 shows the process after implementing im-
provements, such as making trips in order by loca-
tion and consecutive aisles. This logical and orderly 

Picking and Put Away Subprocesses - 40 SKU

Day 1 Day 2 Day 3 Day4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Average

5.7 6.3 5.6 5.4 6.0 6.0 6.4 5.6 5.3 4.3 5.7 min

Dimensioning Subprocess

Day 1 Day 2 Day 3 Day4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Average

6 5.3 4.5 5.5 7 4.5 5 5.1 5.2 4.9 5.3 min

Data Capture Subprocess

Day 1 Day 2 Day 3 Day4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Average

1.2 1.15 1.13 1.5 1.3 1.1 1.4 1.6 1 1.3 1.2 min
Source: Prepared by the authors.

Tabla 1. Time Sampling Data for the Subprocesses.
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approach to the picking process of SKUs reduces 
idle time and creates a constant flow, as this activity 
is the input for the measurement to be carried out.

To determine whether the continuous improvement 
actions implemented within a process are working, 
a continuous improvement or project implementa-
tion leader must perform measurements or data 
analysis to determine the reduction of time achie-
ved and compare the current time to the time before 
changes were implemented, as recommended by 
Rajadell and Sánchez (2010).

Figure 3 displays the new work scheme and the cu-
rrent dimensioning process. The initial flow for the 
measurement begins with the picking subprocess, 
where the boxes with numbers indicate the pallet to 
pick, measure, or put away. Each pallet must have 
12 SKUs, and the number on the side of the pallet 
indicates the sequence that the picking/put away 
operator must follow.

The process starts with the picking of the first pallet 
of 12 SKUs. The picker takes it to the dimensioning 
area to obtain the measurements of the SKUs. The 
picker then moves on to the next two pallets while the 
first pallet is being loaded or about to be completed. 
At this point, the team already has two more pallets 
to work on. At the end of the measurement of the 
fifth pallet, one person begins with the data capture, 
and the person who provided the product joins in the 

measurement of the sixth pallet. After the sixth pallet 
is measured, the product is placed back in its place 
of origin, and the operator returns to continue mea-
suring. Finally, the seventh pallet is reintegrated, and 
the process ends after a working day of seven hours.

Based on the results of the time and movement me-
asurement, the following adjustments were made 
to the process:

• Roles were assigned to the personnel 
involved in the process.

• The sheets for picking and putting away were 
modified to ensure they were carried out 
logically by aisles and consecutive locations.

• The personnel in charge of capture were 
assigned to product measurement for five 
and a half hours to obtain the logistical 
measurements of the products. The 
remaining time of the workday was dedicated 
to capturing data.

• Two people were assigned to dimensioning. 
One person manipulated the boxes, opened 
them, took the unit or inner packs from the 
boxes, placed the product in the dimensioning 
machine, placed the unit packs in the boxes, 
and returned them to the pallet. The second 
person captured the data in the measurement 
system.

Figure 1. Spaghetti diagram of the picking subprocess before any process reengineering
Source: Prepared by the authors.
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After modifying the process, we measured the time 
and timed movements again. The results are shown 
in Table 3. A total of 84 SKUs were measured per 
workday, which represented a 210% increase in 
productivity. Idle time was reduced by 96%, consi-
dering that the picking/put away time is now split 
into two: 1.75 minutes to pick and 1.75 minutes to 
put away per SKU.

According to the hypothesis testing distribution (Fi-
gure 4), a hypothesis test with a significance level of 
α = 0.05 was used to compare the theoretical value 
of the calculated Z-value with the practical value of 
the implementation and results of the methodology 
and process of the spaghetti diagram. It was found 
that the spaghetti diagram will improve the respon-
se and production times. 

Figure 2. Spaghetti diagram of the picking subprocess after process reengineering.
Source: Prepared by the authors.

Figure 3. Dimensioning processes and the tasks assigned to each operator.
Source: Prepared by the authors.

The sequence of tasks that the operator needs to follow is indicated by the number 
outside the pick/put away column.
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Table 4 provides a summary of the times taken for 
a three-person workforce to complete a process, 
with and without applying process reengineering. 
The null hypothesis (H0), which assumes that there 
is no significant difference in mean time between 
the conventional method and the spaghetti diagram 
approach, has been rejected. Instead, the alterna-
tive hypothesis (H1) has been selected, indicating 
that there is indeed a notable difference in time after 
implementing the spaghetti diagram. This confirms 
that the spaghetti diagram methodology is reliable 
and effective in optimizing processes in terms of 
time, resources, and costs. It is important to note 
that non-standardized processes tend to have a 
high degree of variation and deviation, whereas 
lean manufacturing principles suggest that standar-
dization, methodology, and structured sequencing 
of processes have a positive impact on the overall 
supply chain and value chain.

Slotting is the process of intelligently configuring the 
warehouse by correctly measuring the products and 
configuring the system. According to Mora (2016), it 
involves locating one or several SKUs in a distribu-
tion center to optimize warehouse operations. The 
benefits of slotting include:

 − Reduction in assortment time: By configuring the 
warehouse according to the sizes and volumes 
of the products rather than in an ABC order, 
slotting helps optimize operating costs and 
delivery times. This reduces the number of trips 
that need to be made within the warehouse.

 − Reduction in picking errors: By implementing 
smart warehousing, slotting reduces errors 
made by operating personnel. The system 
automatically performs the necessary tasks, 
minimizing the need for human intervention.

 − Intelligent replenishment tasks to the pick line: The 
system can automatically perform replenishment 
tasks from stock locations to pick line locations. 
However, it is important to configure the system 
correctly, taking into account the capacity of the 

Table 3. Average Times After the Application of Process Reengineering for a Three-Person Workforce.

Picking and Put Away Subprocesses - 40 SKU

Day 1 Day 2 Day 3 Day4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Average

3.5 3.2 3.7 4 3.5 3.1 3.4 4 3.6 3 3.5 min

Dimensioning Subprocess

Day 1 Day 2 Day 3 Day4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Average

5.3 4.9 5 4.9 5.6 4.8 5.3 4.7 5.2 5.7 5.14 min

Data Capture Subprocess

Day 1 Day 2 Day 3 Day4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Average

1.2 1.3 1.2 1.3 1 1.4 1.1 1 1.3 1.2 1.2 min
Source: Prepared by the authors.

Figure 4. Hypothesis testing distribution.
Source: Prepared by the authors.
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location, the amount of product on the pallet, and 
available free locations to place the product.

 − SKU traceability: Slotting enables the tracking of 
historical movements, locations, and movement 
of a product or lot within the supply chain.

 − Improvement of warehouse occupancy rate: 
This is measured using special indicators that 
assess the percentage of usable volume over 
total volume. This provides a broad overview of 
the occupation of the distribution center.

 − Optimization of transportation units: By 
measuring the volume of pallets, unit packs, or 
master packs, slotting helps optimize loading 
units. This in turn optimizes trips per unit, 
improves the occupancy rate of each unit, and 
reduces transportation costs.

DISCUSSION

The company under study sells home improvement 
products and construction materials and has been 
operating in Mexico for two years. It aims to po-
sition itself against its main competitor, The Home 
Depot. By applying reengineering to configure the 
storage system correctly in a shorter time, the Lo-
gistics Department’s productivity increased, redu-
cing operational problems.

After conducting a series of tests and analyzing the 
results, we can confirm that the application of re-
engineering has produced significant positive out-
comes. The most significant achievement was the 
development of a reliable and quantifiable process, 
which reduced idle time in the area by 96% and in-
creased productivity by 210%. These results have 
confirmed our hypothesis.

Proper configuration of the system leads to a better 
fulfillment of orders for store replenishment. Pre-
viously, not all SKUs were supplied due to incorrect 
configuration of their attributes of parts per inner 

and per master packs. This happened because the 
system’s information was based on erroneous data 
provided by the suppliers.

The research enables continuous improvement of 
the process and the creation of inputs and outputs, 
ensuring sub-processes improve and flow correctly.

The main focus of this article is to propose an 
approach to enhance and modify the administration 
of human resources. The goal is to optimize the pro-
cesses within the master data area, which is respon-
sible for configuring the pallets. This configuration 
then automates the warehouse and replenishment 
orders for the stores. Additionally, the database ob-
tained through the operation of this department up-
dates the catalogs in the warehouse and the com-
mercial area. This results in a monetary benefit for 
the company by impacting budget savings and in-
creasing productivity. It also leads to lower personnel 
requirements and, therefore, less budget. 

To achieve similar results in other organizations, it is 
essential to have a clear objective for the process. 
Additionally, the organization should have personnel 
such as pickers, dimensioning operators, data entry 
clerks, and a project leader to analyze the data and 
implement preventive or corrective actions to achie-
ve the objective of continuous improvement. To 
carry out these activities, the logistics department 
must have a clear understanding of the available 
time and budget. It is also important to map out the 
inputs and outputs of each department resource 
and make the necessary adjustments based on the 
measurement of paths and time of activities.

CONCLUSIONS

Process reengineering is a methodology that or-
ganizations can use to identify necessary changes 
in their productive processes. Regardless of the 
tools used, the goal is always the same: process  

Picking / Put Away Dimensioning Capture

Minutes per SKU 3.5 5.14 1.2

Hours per Day 7 7 7

SKU per Workday 84 84 84

Idle Time 6 min 0 18 min

Note 
On the 6th and 7th pallets, the 
operator takes measurements 
and goes on to the put away 

process.
-

On the 6th pallet, the operator 
starts capturing data in the 

WMS.

The dimensioning and picking time is divided into two sub-processes, 1.75 minutes for picking and 1.75 minutes for putting away.

Source: Prepared by the authors.

Table 4. Summary of Average times After the Application of Process Reengineering for a Three-Person Workforce.
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optimization. This often involves restructuring or 
reinventing processes to improve a company’s ope-
rations. Change is the only constant in this process.

After applying reengineering and testing the alter-
native hypothesis (H1), it was determined that the 
process was improved. As a result, the company 
saved money by not hiring consultants from LatAm 
operations. The logistics development department 
can now use this money for new implementations, 
innovations, or developments to further optimize 
the warehouse operation, which will directly redu-
ce operating costs.

The results demonstrated that improving the SKU 
measurement process had a positive impact, resul-
ting in better configuration of SKUs in the company’s 
WMS system. This has generated automatic tasks 
such as replenishing the pick line (assortment le-
vels) and slotting (receiving area) to the appropriate 
locations. By creating an intelligent warehouse, the 
system reduces errors made by operating personnel, 
and the management of the system is streamlined.
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