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INTRODUCTION OF THE MODULE

Statistics plays a crucial role in improving operational processes in garment production. The
garment industry involves complex and interconnected processes, including design, sourcing,
production, quality control, and distribution. By applying statistical methods, organizations can
effectively manage these processes and make data-driven decisions to enhance efficiency,
quality, and overall performance.

This module is designed to meet the industry requirement under the irrigation and drainage
occupational standard, particularly for the unit of competency: statistics to operational
processes

This module covers the units:

e Data collection process
e Data Interpretation
e Control limit calculation
Learning objectives of the Module
At the end of this session, the students will able to:

e Collect process data
e Interpret data

e Calculate control limits
Module Learning Instructions:

1. Read the specific objectives of this Learning Guide.

2. Follow the instructions described below.

3. Read the information written in the information Sheets
4

Accomplish the Self-checks

Page 6 of 40 Author/Copyright Module title : Training module Version -1
Ministry of Labor and skills Apply statistics to November, 2023

operational processes




Ministry of Labor and Skills

|||l¢ QMILG NN LNEC

Unit one: Data collection process

This learning unit is developed to provide the trainees the necessary information regarding the
following content coverage and topics:

e Process data

e Sampling techniques

e Require data

e Standard measurements

This unit will also assist you to attain the learning outcomes stated in the cover page. Specifically,
upon completion of this learning guide, you will be able to:

e Interpret sample scheme

e  Obtain standard procedures measurements

e Handle data
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1.1. Process data

Process data in the context of garment production refers to the collection of information related
to various stages and activities within the production process. It involves capturing and recording
data points that provide insights into the performance, quality, and efficiency of the

manufacturing processes. Process data can be collected manually through observations,

measurements, and inspections, or automatically through sensors and monitoring systems.

Examples of process data in garment production include:

Production Time: Data related to the time taken to complete specific tasks or processes,
such as cutting, sewing, and finishing. This data helps measure process efficiency, identify
bottlenecks, and optimize production schedules.

Workforce Allocation: Information about the allocation of workers to different tasks or
workstations. This data helps assess resource utilization, balance workload, and identify areas
where additional training or support may be required.

Machine Utilization: Data on the usage and performance of machines and equipment
involved in garment production This includes metrics such as machine downtime,
throughput, and availability, which help monitor equipment efficiency and identify
maintenance needs.

Material Consumption: Data on the quantity of materials used during the production
process, including fabric, trims, and accessories. This data assists in managing inventory
levels, estimating material requirements, and controlling costs.

Defects and Rework: Information on the type, frequency, and location of defects or quality
issues identified during production. This data helps assess the quality performance of the
process, identify root causes of defects, and implement corrective actions.

Production Yield: Data on the quantity of finished garments produced compared to the
initial input. This metric helps evaluate production efficiency, track yield rates, and identify
opportunities for waste reduction.

Cycle Time: Data on the time required to complete a full production cycle, from order
placement to final delivery. This data helps assess overall process efficiency, identify areas

for improvement, and set realistic delivery timelines.
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e Energy Consumption: Information on the energy usage of production processes, including
electricity, water, and fuel consumption. This data helps monitor energy efficiency, identify
opportunities for conservation, and manage operational costs.

e Compliance Metrics: Data related to compliance with regulatory standards, social
responsibility criteria, and customer-specific requirements. This includes metrics such as

adherence to safety guidelines, environmental regulations, and ethical sourcing practices.

Collecting and analyzing process data allows organizations to gain insights into the performance
and effectiveness of their garment production processes. By utilizing this data effectively,
organizations can identify areas for improvement, make informed decisions, and implement
targeted strategies to optimize efficiency, enhance quality, and drive continuous improvement in

their operations.

1.2.  Sampling techniques

Sampling techniques are methods used to select a subset of individuals or observations from a
larger population for the purpose of data collection and analysis. In the context of garment
production, sampling techniques can be employed to gather data on various aspects such as

quality, performance, and efficiency. Here are some commonly used sampling techniques:

a. Random Sampling: In random sampling, each individual or item in the population has an
equal chance of being selected for the sample. This technique ensures that the sample is
representative of the entire population, reducing bias and allowing for generalizations to be
made. For example, random sampling can be used to select garments from different
production batches for quality testing.

b. Stratified Sampling: Stratified sampling involves dividing the population into subgroups or
strata based on certain criteria (e.g., garment type, size, or production line). Samples are then
selected from each stratum in proportion to their representation in the population. Stratified
sampling ensures that each subgroup is adequately represented in the sample, allowing for

more accurate analysis within specific categories.

c. Cluster Sampling: Cluster sampling involves dividing the population into clusters or groups
and randomly selecting a few clusters for the sample. This technique is useful when it is

difficult or impractical to sample individuals directly. For example, in garment production,
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clusters could represent different factories or production units, and a sample of clusters can

be selected for data collection.

d. Systematic Sampling: Systematic sampling involves selecting individuals from a population
at regular intervals. The starting point is chosen randomly, and then every nth individual is
selected to be part of the sample. This technique is straightforward to implement and can be
useful when there is a clear ordering or structure to the population. For instance, systematic
sampling can be used to select garments from a production line at regular intervals for quality

inspection.

e. Convenience Sampling: Convenience sampling involves selecting individuals or items
based on their availability and accessibility. This method is often used when time and
resources are limited, but it may introduce bias into the sample since it does not guarantee
representative selection. In garment production, convenience sampling could involve

selecting readily available garments for quick visual inspections or measurements.

f. Purposive Sampling: Purposive sampling involves selecting individuals or items based on
specific characteristics or criteria relevant to the research objectives. This technique is used
when the researcher wants to target specific subgroups or individuals with unique
characteristics or expertise. In garment production, purposive sampling could be used to
select garments from specific production lines known for their high or low quality

performance for in-depth analysis.

The choice of sampling technique depends on the research objectives, population characteristics,
available resources, and time constraints. It is essential to select a sampling technique that
ensures representative and unbiased data collection to draw accurate conclusions and make

informed decisions based on the sample findings.

Sampling for attributes or sampling for variables: Sampling for attributes involves
classifying items based on specific categories or attributes, such as pass/fail or good/bad.
Sampling for variables involves measuring numerical characteristics of items, such as weight,

height, or temperature.
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Batch, continuous, or custom-made products: Batch products are manufactured in specific
quantities or lots, produced separately with distinct identities. Continuous products are
manufactured in a continuous flow without clear boundaries between individual units. Custom-
made products are tailored to meet specific customer requirements and produced on a per-order

basis.

Number of items/samples: Number of items refers to the total population size or the available
quantity of products. Number of samples refers to the selected subset from the population for

data collection or analysis.

Size of sample: Size of sample refers to the number of items or observations selected from the
population. The appropriate sample size depends on factors such as desired level of confidence,

statistical power, and variability within the population.

Timing of sampling: Timing of sampling refers to when the samples are collected during the
production process. Samples can be collected at specific time intervals, after specific process

steps, or randomly throughout the production cycle.

Location of sampling points: Location of sampling points refers to where the samples are taken
within the production process. Samples can be collected at various stages, such as raw material
inspection, in-process sampling, or final product testing.

Type of sample: Type of sample refers to the specific sampling technique employed, such as

simple random sample, stratified sample, cluster sample, convenience sample, etc.

Number/type of measurements to be done on each sample: Number/type of measurements
refer to the specific variables or characteristics that are measured or observed on each sample. It
can include dimensions, weight, color, strength, or any relevant attributes based on the purpose

of the sampling.

Sampling equipment: Sampling equipment refers to the tools or devices used to collect
representative samples from the population. It can include items such as sampling scoops,
pipettes, sampling bags, or cutting tools, depending on the nature of the product and sampling

requirements.
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Measurement/testing equipment/methods: Measurement/testing equipment and methods refer
to the tools and techniques used to measure or test the collected samples. It can include
instruments, machines, or protocols specific to the attributes being measured, such as calipers,
spectrophotometers, or tensile testing machines. The methods used should ensure accuracy,

precision, and reliability in obtaining measurement data.

1.3. Standard data measurements
Standard measurements are measurements that are used to ensure that garments are consistent in
size and fit. These measurements are typically taken from the body and used to create garment

patterns and sizing charts.

1. Nominal Scale: Nominal scale is the simplest level of measurement where data is
categorized into distinct categories or groups. It doesn't involve any quantitative value but
represents qualitative attributes or labels. Examples include gender (male/female) or
marital status (single/married/divorced).

2. Ordinal Scale: Ordinal scale involves data that can be ordered or ranked based on a
specific criterion. The categories have a meaningful order, but the differences between
them may not be uniform. Examples include educational levels (elementary, high school,
bachelors, and master’s) or customer satisfaction ratings (very dissatisfied, dissatisfied,
neutral, satisfied, and very satisfied).

3. Interval Scale: Interval scale involves data that can be ordered, and the differences
between values are meaningful and consistent. It doesn't have a true zero point and allows
for positive and negative values. Examples include temperature measured in Celsius or
Fahrenheit.

4. Ratio Scale: Ratio scale is the highest level of measurement and possesses all the
characteristics of interval scale along with a true zero point. It allows for meaningful
ratios and arithmetic operations. Examples include weight, height, or time duration.

5. Discrete Data: Discrete data refers to data that can only take specific, separate values. It
involves counting or whole numbers and cannot have fractional or intermediate values.

Examples include the number of cars in a parking lot or the number of children in a

family.
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Continuous Data: Continuous data refers to data that can take any value within a given
range. It involves measurements on a continuous scale and can have fractional or
intermediate values. Examples include temperature, weight, or time duration.

Categorical Data: Categorical data (also known as qualitative or nominal data)
represents characteristics or qualities and is typically represented by labels or categories.
It can be further divided into nominal and ordinal data.

Numerical Data: Numerical data (also known as quantitative data) represents quantities
or numerical values. It can be further divided into discrete and continuous data.
Measurement Scales: Measurement scales categorize data based on their characteristics
and properties. The four commonly used scales are nominal, ordinal, interval, and ratio
scales, which differ in their level of measurement and mathematical operations that can
be performed on the data.

Data Measurement Tools: Data measurement tools include various instruments or
techniques used to collect and quantify data accurately. They can range from simple
rulers and scales for length measurements to sophisticated devices such as thermometers,

weighing scales, or data loggers.

1.3.1 Standard operating procedures

Standard Operating Procedures (SOPs) are documented instructions or guidelines that outline the

standard steps, processes, or activities required to perform a task or operation consistently and

efficiently.

Purpose: SOPs serve several purposes, including ensuring consistency, promoting safety,

improving quality, reducing errors, facilitating training and knowledge transfer, and

complying with regulations or industry standards.

Content: SOPs typically include a clear title, purpose statement, scope, responsibilities of

individuals involved, step-by-step procedures, safety precautions, references to relevant documents or

forms, and any necessary checklists or templates.

Development: SOPs are developed through a systematic process that involves identifying

the task or process to be documented, gathering information from subject matter experts,

documenting the steps in a clear and concise manner, and reviewing and validating the SOP

with relevant stakeholders.
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Review and Revision: SOPs should be periodically reviewed to ensure accuracy, relevance,
and compliance with current practices or regulations. They should be updated whenever there
are changes in processes, equipment, or best practices.

Training and Implementation: SOPs should be effectively communicated to all individuals

involved in the task or process. Training programs or sessions may be conducted to ensure

understanding and adherence to the procedures outlined in the SOPs.

e Documentation and Control: SOPs should be appropriately documented, stored, and
controlled to ensure accessibility and version control. They may be maintained in a
document management system or a centralized repository for easy retrieval and tracking
of revisions.

e Continuous Improvement: SOPs should be regularly monitored and evaluated for
effectiveness and efficiency. Feedback from users or process improvements may lead to
updates or modifications of the SOPs to optimize performance.

e Compliance and Auditing: SOPs play a crucial role in ensuring compliance with
regulatory requirements and industry standards. They are important during internal or
external audits to demonstrate adherence to documented procedures.

e Standardization: SOPs promote standardization across an organization or within
specific departments or processes, reducing variability and improving overall efficiency,

quality, and customer satisfaction.

Types of data measurements:

1. Nominal: Nominal data is categorical data that represents different categories or groups

without any inherent order or numerical value. Examples include gender (male/female),
colors (red, blue, green), or types of fruits (apple, orange, banana). Nominal data can be
represented by labels or codes, but mathematical operations cannot be performed on it.

Ordinal: Ordinal data is also categorical data, but with an inherent order or ranking among
the categories. The intervals between the categories may not be equal. Examples include
educational levels (elementary, high school, bachelor's, master's), customer satisfaction
ratings (very dissatisfied, dissatisfied, neutral, satisfied, very satisfied), or performance
ratings (poor, fair, good, excellent). While ordinal data can be ranked, the differences

between the categories may not be quantitatively meaningful.
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3. Interval: Interval data represents numerical data where the differences between values are
consistent and meaningful, but there is no true zero point. Interval data allows for arithmetic
operations such as addition and subtraction. Examples include temperature measured in
Celsius or Fahrenheit. In interval data, zero does not represent the absence of the attribute
being measured but rather a specific point on the scale.

4. Ratio: Ratio data is numerical data that possesses all the characteristics of interval data,
along with a true zero point that represents the absence of the attribute being measured. Ratio
data allows for meaningful ratios and all arithmetic operations. Examples include weight,
height, time duration, or number of occurrences. Ratio data provides the most comprehensive

level of measurement.

These different types of data measurements help categorize and analyze data based on their
characteristics and the level of information they provide. Understanding the type of data
measurement is essential for selecting appropriate statistical tests, interpreting results, and

drawing meaningful conclusions in data analysis.

1.4. Required data
The required data for data statistics to operational processes in garment production will vary
depending on the specific needs of the manufacturer and the processes being monitored.

However, some common data requirements include:

Production data: This includes data such as the number of garments produced per day, the
number of garments produced per employee, the number of garments produced per machine, and

the production cycle time.

Quality control data: This includes data such as the number of garments that fail quality control,

the types of defects that are most common, and the causes of defects.

Resource utilization data: This includes data such as the amount of fabric used, the amount of

thread used, and the amount of energy used.

Customer satisfaction data: This includes data such as customer satisfaction ratings, customer

feedback, and the number of returns.
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In addition to these specific data requirements, garment manufacturers may also want to collect
data on other factors that impact operational processes, such as employee turnover, machine

downtime, and material costs.

The data collected can be used to develop a variety of statistical reports that can be used to
improve operational processes in garment production. For example, statistical reports can be

used to:

Identify bottlenecks: By tracking production data, garment manufacturers can identify
bottlenecks in the production process. This information can then be used to address the

bottlenecks and improve the overall efficiency of the production process.

Improve quality control: By tracking quality control data, garment manufacturers can identify
any areas where the production process is not meeting quality standards. This information can
then be used to improve the quality control process and ensure that the finished garments meet

the required quality standards.

Reduce costs: By tracking resource utilization data, garment manufacturers can identify areas
where waste is occurring. This information can then be used to reduce waste and improve the

profitability of the production process.

Improve customer satisfaction: By tracking customer satisfaction data, garment manufacturers
can identify areas where the production process can be improved to meet customer needs. For
example, if customers are complaining about the quality of the garments, the manufacturer may

need to improve the quality control process.

By collecting and analyzing the required data, garment manufacturers can make informed
decisions about how to improve the efficiency, quality, profitability, and customer satisfaction of

their production processes.
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Self-check-1

Directions: Answer all the questions listed below.
Part I11: Multiple Choices
1) Process data refers to:
i. Data collected during the planning phase of a project.
ii. Data collected during the execution of a specific task or operation.
iii. Data collected for historical analysis.
iv. Data collected for market research purposes.
Answer: ii. Data collected during the execution of a specific task or operation.
2) Which sampling technique ensures that every member of the population has an equal
chance of being selected?
I. Simple random sampling.
ii. Stratified sampling.
iii. Cluster sampling.
iv. Convenience sampling.
Answer: i. Simple random sampling.
3) Required data refers to:
i. Data that is optional for analysis.
ii. Data that is preferred but not necessary for analysis.
iii. The minimum amount of data needed to perform a specific analysis or task.
iv. Data that is not useful for decision-making.
Answer: iii. The minimum amount of data needed to perform a specific analysis or task.
4) Which of the following is a standard unit of measurement for time?
I. Kilogram.
ii. Liter.
iii. Meter.
iv. Second.
Answer: iv. Second.
Part I1: True or False:
1) Process data refers to data collected during the execution of a specific task or operation.

Answer: True
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2) Simple random sampling is a sampling technique where every member of the population
has an equal chance of being selected.
Answer: True
3) Required data refers to the minimum amount of data needed to perform a specific
analysis or task.
Answer: True
4) Temperature is measured using the Kelvin scale in the standard measurement system.
Answer: True
Part 111: short answer
5) Define the term "process data™ in your own words.
Answer: Process data refers to the data collected during the execution or performance of a
particular task, operation, or workflow. It provides insights into the steps, actions, or variables
involved in the process.
6) Name one example of a non-random sampling technique.
Answer: One example of a non-random sampling technique is purposive sampling, where

specific individuals or cases are intentionally selected based on predetermined criteria.

7) What does it mean to say that data is "required"?
Answer: When we say data is "required,” it means that it is necessary or essential for a particular
analysis, task, or decision-making process. Without the required data, it may not be possible to
achieve the desired objectives.

8) Provide an example of a standard measurement used in the field of length.
Answer: An example of a standard measurement used in the field of length is the meter, which is

commonly used to measure distances or dimensions.
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UNIT TWO: DATA INTERPRETATION

This learning unit is developed to provide the trainees the necessary information regarding the

following content coverage and topics:

Over view Data interpretation
Data control chart

Outside control limits
Corrective action

Cost of non-conformance

This unit will also assist you to attain the learning outcomes stated in the cover page.

Specifically, upon completion of this learning guide, you will be able to:

Plot data on appropriate control chart

Distinguish between random and non-random patterns of results
Identify results outside the control limits

Recognize situations requiring action

Take appropriate action in accordance with standard procedures

Determine cost of non-conformance
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2.1. Over view of data interpretation
To interpret garment production data statically, employ various statistical techniques to gain
insights and make informed decisions. Here are some common approaches for data interpretation

in garment production:

1. Descriptive Statistics: Descriptive statistics summarize and describe the main
characteristics of the data. This includes measures such as mean, median, mode, range,
standard deviation, and variance. These statistics provide an overview of the central
tendency, dispersion, and distribution of the relevant variables in garment production,

such as production volume, lead time, or defect rates.

2. Trend Analysis: Trend analysis helps identify patterns and trends in garment production
data over time. By plotting the data points on a line graph or using more advanced
techniques like time series analysis, you can observe the direction and magnitude of
changes in production metrics. This can assist in forecasting future production levels,
identifying seasonality, or detecting abnormal variations.

3. Comparative Analysis: Comparative analysis involves comparing different aspects of
garment production data to draw meaningful conclusions. For example, you can compare
production performance across different time periods, production lines, shifts, or
factories. Statistical techniques like hypothesis testing, t-tests, or analysis of variance
(ANOVA) can be applied to assess the significance of differences and determine if they

are statistically significant.

4. Control Charts: Control charts are graphical tools used to monitor and control garment
production processes. They help identify whether the production metrics are within
statistical control or if there are any unusual variations or trends. Control charts, such as
the X-bar and R charts, can be used to track variables like defects per unit, production

time, or quality measurements.

5. Correlation and Regression Analysis: Correlation analysis examines the strength and
direction of the relationship between two or more variables in garment production. For
instance, you can explore the correlation between production volume and labor hours or

between quality ratings and customer satisfaction. Regression analysis can help establish
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regression models to predict and estimate the impact of independent variables on

production outcomes.

6. Pareto Analysis: Pareto analysis is a technique used to prioritize problems or factors
contributing to issues in garment production. It involves identifying and ranking the most
significant causes or defects based on their frequency or impact. The Pareto chart visually
represents the cumulative contribution of each factor, enabling focused improvement

efforts.

7. Statistical Process Control (SPC): SPC involves monitoring and controlling the
production process to ensure it operates within predetermined quality limits. SPC
techniques, such as control charts and process capability analysis, help identify
variations, detect process instability, and take corrective actions to maintain consistent

quality levels.

By applying these statistical data interpretation techniques to garment production data, you can
uncover patterns, trends, relationships, and areas for improvement. This enables data-driven

decision-making and continuous process improvement in the garment manufacturing industry.

2.1 Data control chart

Data control charts are widely used in garment production to monitor and control the quality and
consistency of production processes. These charts help identify variations, detect process
instability, and facilitate timely corrective actions. Here are some commonly used control charts

in garment production:

1. X-bar and R Charts: The X-bar (or X) and R charts are used to monitor the central
tendency and variability of a process. The X-bar chart tracks the average value of a
characteristic of interest, such as garment measurements or defect rates, over time. The R
chart monitors the range or dispersion within subgroups of data. These charts help

identify shifts, trends, or out-of-control conditions in the process.

2. Individual and Moving Range (I-MR) Charts: The Individual and Moving Range
charts are alternative control charts that can be used when subgroup sizes are small or

variable. The I chart monitors the individual data points, while the MR chart tracks the

Page 21 of Author/Copyright Module title : Training module Version -1
40 Ministry of Labor and skills Apply statistics to November, 2023

operational processes




||Il¢ QLG NUAT TULIEC
Ministry of Labor and Skills

moving ranges between consecutive data points. These charts are useful when it is not

feasible or practical to collect large subgroup samples.

P-chart: The p-chart is used to monitor the proportion of defective garments or the defect
rate in a process. It is particularly useful when dealing with attribute data, where the data
IS categorized as either conforming or non-conforming. The p-chart helps identify when

the defect rate exceeds acceptable limits and indicates potential process issues.

C-chart: The c-chart is similar to the p-chart but is used to monitor the count of defects
per garment or product unit. It is suitable when the number of defects per unit can vary.
The c-chart helps identify when the defect count exceeds control limits and indicates

variations in the process.

SPC Charts for Specific Garment Parameters: Depending on the specific parameters
being monitored in garment production, other control charts may be used. For example,
control charts can be employed to track garment length, width, weight, color consistency,
tensile strength, shrinkage, or seam quality. These charts provide insights into the

variability and performance of specific garment attributes.

The selection of the appropriate control chart depends on the type of data being collected and the

specific quality characteristics being monitored in garment production. Control charts should be

regularly updated with new data, and any out-of-control signals should trigger investigations and

corrective actions to maintain consistent quality standards and improve production processes.

2.2 Random and non-random patterns
In garment production, random and non-random sample patterns can refer to the way samples are

selected for quality control or inspection purposes. Let's explore these two types of sample

patterns:

1. Random Sample Pattern:

A random sample pattern in garment production involves selecting samples in a manner
that ensures each garment or unit in the population has an equal chance of being chosen.
Random sampling helps to obtain a representative sample that reflects the overall
characteristics of the production batch or lot. It minimizes bias and provides a statistically
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sound basis for quality assessment. Random sample patterns can be achieved through

techniques such as:

o Simple Random Sampling: Each garment in the population has an equal probability of

being selected.

o Systematic Random Sampling: Garments are selected at regular intervals from a sorted

list or production line.

o Stratified Random Sampling: Garments are divided into subgroups (strata) based on
specific characteristics (e.g., size, color, style), and random samples are taken from each

stratum in proportion to its representation in the population.

Random sample patterns help ensure that quality control inspections cover a wide range of

garments and reduce the likelihood of biased results.

2. Non-Random Sample Pattern:
A non-random sample pattern in garment production refers to sample selection methods
that deviate from a random approach. Non-random sample patterns may be used under
specific circumstances or when random sampling is not feasible or practical. However,
non-random sampling introduces the risk of bias and may not provide a representative

sample. Some examples of non-random sample patterns in garment production include:

o Convenience Sampling: Selecting garments that are easily accessible or readily available,

such as garments from the production line nearest to the inspector.

e Judgmental Sampling: Handpicking samples based on the judgment or expertise of the
quality control inspector. This could involve selecting garments that are visually

defective or suspected to have issues.

o Purposive Sampling: Deliberately selecting specific garments or units that are believed to

be critical or representative of the production batch.

Non-random sample patterns should be used with caution as they may introduce sampling bias

and compromise the accuracy and representativeness of quality control assessments. When non-
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random sampling is employed, it is essential to clearly document the rationale behind the sample

selection process.

In garment production, it is generally recommended to use random sample patterns whenever
possible to ensure fair and unbiased quality control inspections. Random sampling provides a
statistically valid basis for assessing the overall quality of the production batch and helps identify

potential issues or defects.

2.3 Outside Control limits

When data falls outside control limits in any process, it indicates that the process is out of control
and experiencing variations beyond what is expected due to common causes. Control limits are
typically set at a certain number of standard deviations from the process mean and serve as
thresholds for identifying statistically significant variations. Here are some steps to consider

when data falls outside control limits:

1. Verify the Data: Double-check the accuracy and integrity of the data points that fell
outside the control limits. Ensure that there are no data entry errors or other anomalies
that could have led to the observations. Data validation is crucial before proceeding with

further analysis.

2. Investigate Special Causes: When data falls outside control limits, it suggests the
presence of special causes or assignable factors that are influencing the process. Conduct
a thorough investigation to identify and understand the root causes of the out-of-control
points. This may involve reviewing process documentation, interviewing personnel, or

conducting experiments to isolate the factors contributing to the variations.

3. Take Corrective Actions: Once the special causes are identified, take appropriate
corrective actions to eliminate or mitigate their effects. The actions taken will depend on
the specific circumstances and the nature of the identified causes. It could involve
adjusting process parameters, recalibrating equipment, providing additional training to

operators, or implementing process improvements to address the root causes.

4. Document and Track Actions: Document all the findings, actions taken, and outcomes of
the investigation and corrective actions. Maintain a record of the steps followed to

Page 24 of Author/Copyright Module title : Training module Version -1
40 Ministry of Labor and skills Apply statistics to November, 2023

operational processes




||Il¢ QLG NUAT TULIEC
Ministry of Labor and Skills

address the out-of-control points. This documentation will help in tracking the

effectiveness of the corrective measures and provide a reference for future analysis.

5. Monitor the Process: Continuously monitor the process after implementing the corrective
actions to ensure that it remains in control. Use control charts or other statistical tools to
track the process performance and identify any signs of recurring out-of-control points.
Regular monitoring helps in detecting deviations early and taking prompt corrective

actions if needed.

6. Learn and Improve: Treat out-of-control points as learning opportunities. Analyze the
data and the corrective actions taken to identify areas for process improvement.
Implement strategies to prevent the recurrence of similar issues in the future and enhance

overall process performance.

Addressing data outside control limits is essential to maintain process stability, consistency, and
quality. By following these steps, organizations can effectively identify and rectify the causes of
out-of-control points, leading to improved process control and enhanced product or service

quality.

2.4 Corrective action

When dealing with data interpretation, especially when data falls outside control limits or
exhibits unusual patterns, it is important to take appropriate corrective actions to ensure accurate
analysis and decision-making. Here are some steps to consider for corrective action in data

interpretation:

a. Verify Data Accuracy: Double-check the accuracy of the data points and ensure that they
have been recorded correctly. Look for any potential data entry errors, missing values, or
outliers that could impact the interpretation. If necessary, conduct data validation or
verification procedures to ensure data integrity.

b. Investigate Data Anomalies: When data falls outside control limits or shows unexpected
patterns, conduct a thorough investigation to understand the underlying reasons. Examine the
data collection process, potential sources of error, or any external factors that may have
influenced the results. Identify the root causes of the anomalies to determine whether they are

due to measurement errors, data collection issues, or actual process variations.
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c. Seek Additional Data or Context: Consider gathering additional data or seeking additional
context to gain a more comprehensive understanding of the situation. This could involve
collecting more samples, conducting further experiments, or consulting subject matter
experts to provide insights into the data anomalies. Additional data or context can help in
making more informed interpretations and decisions.

d. Apply Statistical Analysis Techniques: Utilize appropriate statistical analysis techniques to
evaluate the data and interpret the results accurately. This may involve conducting hypothesis
tests, regression analysis, or other statistical methods to determine the significance of the
observed anomalies. Statistical analysis can help differentiate between random fluctuations
and meaningful patterns or trends in the data.

e. Adjust Interpretation and Decision-Making: Based on the findings from the investigation and
statistical analysis, adjust the interpretation of the data accordingly. Revise any previous
conclusions or decisions that were based on incorrect or incomplete interpretations. Use the
corrected interpretation to guide future actions or decision-making processes.

f. Document and Communicate: Document all the steps taken during the corrective action
process, including the investigation, analysis, and revised interpretation. Maintain clear and
detailed records of the findings, actions taken, and the rationale behind the corrected
interpretation. Communicate the updated interpretation to relevant stakeholders to ensure a

shared understanding of the data and its implications.

By following these corrective actions, organizations can address data interpretation issues
effectively, ensuring accurate analysis and informed decision-making. It is important to maintain
a systematic and rigorous approach to data interpretation to minimize errors and biases and

improve the overall quality of decision-making processes.

2.5 cost of non-conformance

The cost of non-conformance refers to the financial impact incurred as a result of quality issues,
defects, or failures in a product, process, or service that do not meet specified requirements or
standards. These costs can arise from various sources, including internal failures, external
failures, and the costs associated with preventive and appraisal activities. Here are some

components of the cost of non-conformance:
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Internal Failure Costs: These costs arise from defects or quality issues that are
identified before the product or service reaches the customer. Internal failure costs may

include:

Scrap and Rework: The cost of materials or products that are scrapped or reworked due to

defects or non-compliance with quality standards.

Repair and Rectification: The cost associated with repairing or rectifying defective

products or services to bring them into conformity.

Downtime and Delays: Costs resulting from production disruptions, downtime, or delays

caused by quality issues.

Waste and Disposal: The cost of disposing of defective or non-conforming products or

materials.

External Failure Costs: These costs occur when defective products or services reach the
customer and result in customer dissatisfaction, warranty claims, or returns. External

failure costs may include:

Customer Returns and Replacements: The cost of handling customer returns, providing

replacements, or addressing customer complaints due to product or service failures.

Warranty Claims: The expenses incurred to honor warranty claims, including repairs,

replacements, or refunds to customers.

Product Liability: Costs associated with legal claims, settlements, or fines resulting from

product failures that cause harm or damage to customers or other parties.

Lost Sales and Revenues: The financial impact of lost sales, market share, or customer

trust due to poor quality or negative customer experiences.

Preventive and Appraisal Costs: These costs are incurred to prevent quality issues and
ensure compliance with quality standards. While they are proactive measures, failures in
these activities can also contribute to the cost of non-conformance. Preventive and

appraisal costs may include:
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e Quality Planning and System Development: The cost of developing and implementing

quality management systems, quality control procedures, and quality assurance activities.

e Training and Education: Expenses related to training and educating employees on

quality requirements, process improvement methodologies, and best practices.

e Inspection and Testing: The cost of inspecting, testing, and monitoring products,
processes, or services to identify and prevent defects or non-conformities.

e Supplier Quality Issues: Costs resulting from poor quality or non-compliant materials or
components received from suppliers, including costs associated with rejections, returns,

or alternative sourcing.

It is important for organizations to track and analyze the cost of non-conformance as it provides
insights into the financial implications of quality issues. By understanding these costs,
organizations can make informed decisions on allocating resources to address quality problems,
improve processes, and enhance customer satisfaction, ultimately reducing the overall cost of

non-conformance.
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Self-check-2

Directions: Answer all the questions listed below.
Part | Multiple Choice:

1. data control chart is used to:

a) Display data in a visually appealing format

b) Determine if a process is in statistical control

c¢) Calculate the cost of non-conformance

d) Identify random and non-random patterns in data

Answer: b) Determine if a process is in statistical control

2. Random patterns in data on a control chart indicate:

a) Normal variation within statistical control limits

b) Special causes of variation

c) The need for corrective action

d) Non-random variation outside control limits

Answer: a) Normal variation within statistical control limits

3. When data falls outside control limits on a control chart, it suggests:

a) The presence of special causes of variation

b) The need for preventive actions

c) The need to adjust the control limits

d) Non-conformance costs have been incurred

Answer: a) The presence of special causes of variation

Part Il Short Answer:

4. Define corrective action in the context of data interpretation.

Answer: Corrective action refers to the steps taken to address and rectify issues identified
through data interpretation. It involves investigating the causes of deviations, implementing
necessary changes or adjustments, and monitoring the effectiveness of the actions taken to ensure
that the process remains in control and meets the desired quality standards.

5. Explain the concept of the cost of non-conformance.

Answer: The cost of non-conformance refers to the financial impact incurred due to quality

issues, defects, or failures that do not meet specified requirements or standards. It includes both
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internal failure costs (such as scrap, rework, and downtime) and external failure costs (such as
customer returns, warranty claims, and lost sales). Additionally, preventive and appraisal costs
associated with quality planning, training, inspection, and testing are also considered as part of

the cost of non-conformance.
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UNIT THREE: CONTROL LIMIT CALCULATION

This learning unit is developed to provide the trainees the necessary information regarding the

following content coverage and topics:

Over view of control limit calculation
Relevant stakeholders
Control limits calculate/revise

Plot chart explanation

This unit will also assist you to attain the learning outcomes stated in the cover page.

Specifically, upon completion of this learning guide, you will be able to:

Determine control limit
Consulate relevant stakeholders
calculate/revise control limits
Plot limits on control chart

Explain plot chart
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3.1. Over view of Control limit calculation

To calculate control limits for a data control chart, you typically need to determine the average

(mean) and standard deviation of the data set. The control limits are then set based on a specified

number of standard deviations from the mean. The most common control chart used for this

purpose is the X-bar chart, which is used to monitor the average value of a process over time. a

step-by-step guide to calculating control limits:

Gather Data: Collect a set of data points that represent the characteristic or process you want to

monitor. For example, measuring the weight of a product, collect a series of weight

measurements.

a.

Calculate the Average: Find the mean (average) of the data set by summing all the data
points and dividing by the total number of data points.

Calculate the Standard Deviation: Determine the standard deviation of the data set, which
measures the dispersion or variability around the mean. This step involves calculating the
differences between each data point and the mean, squaring those differences, summing
them up, dividing by the number of data points, and taking the square root of the result.
Determine the Control Limits: Decide on the number of standard deviations from the
mean that will define the control limits. The most common choice is to use three standard
deviations, which captures about 99.7% of the data within the limits for a normally
distributed process. However, the number of standard deviations can vary depending on the
specific requirements or industry standards.

Calculate the Upper and Lower Control Limits: Multiply the chosen number of standard
deviations by the standard deviation calculated in step 3. The result is the width of the
control limits. The upper control limit (UCL) is obtained by adding this width to the mean,
while the lower control limit (LCL) is obtained by subtracting it from the mean.

Plot the Control Limits: On the control chart, plot the calculated control limits along with
the data points. The control limits act as thresholds for determining whether the process is in

control or out of control.

It's important to note that the calculation of control limits assumes that the data follows a normal

distribution. If the data is not normally distributed or if there are other considerations, alternative

control charting methods may be used.
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Remember to update and recalculate the control limits periodically, especially changes to the
process or its specifications, to ensure they remain accurate and relevant.

Control limits in data control charts are used to determine the boundaries within which a
process is considered to be in statistical control. These limits help identify whether the observed
variation in the data is due to common causes (random variation) or special causes (non-random
variation). The specific method for calculating control limits depends on the type of control chart

being used. Here are a few common examples:

1. X-Bar Chart (for monitoring the process mean):
e Upper Control Limit (UCL): X + A2 * R
e Lower Control Limit (LCL): X - A> * R

Where X is the mean of the sample averages, A is a constant based on sample size, and R is the

average range of the samples.

2. Range Chart (for monitoring the process variability):
e Upper Control Limit (UCL): D4 * R
e Lower Control Limit (LCL): Ds * R

Where D4 and Ds are constants based on sample size, and R is the average range of the samples.

3. Individual-Moving Range (I-MR) Chart (for monitoring individual observations):
e Upper Control Limit (UCL): X + 3.267 * MR
e Lower Control Limit (LCL): X - 3.267 * MR

Where X is the average of the individual observations, and MR is the moving range between

consecutive observations.

These formulas provide a general idea of how control limits are calculated for different types of
control charts. It's important to note that the constants used in the calculations are typically
derived from statistical tables or software specific to the control chart method being used.
Additionally, there are variations and extensions to control charts that may involve different

calculations for control limits.
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type and sample size.

3.2 Relevant stakeholders

When it comes to data, there are several stakeholders who play important roles in its collection,

management, analysis, and utilization. Here are some relevant stakeholders in the context of

data:

Data Owners: Data owners are individuals or departments responsible for the data
within an organization. They have a vested interest in ensuring the accuracy, integrity,
and security of the data. Data owners typically establish data governance policies, define
data access permissions, and oversee data quality and compliance.

Data Analysts and Data Scientists: These are professionals who work with data to
extract insights, identify patterns, and make data-driven decisions. They analyze and
interpret the data to derive meaningful information, create models, and develop strategies
based on data analysis.

Data Engineers: Data engineers are responsible for the development, construction, and
maintenance of the systems and infrastructure needed to store, process, and manage data.
They design and implement data pipelines, databases, and data warehouses to ensure data
availability and reliability.

IT and Database Administrators: IT administrators and database administrators are
responsible for managing the technical aspects of data storage, security, backup, and
retrieval. They ensure that data systems are properly maintained, optimized, and
protected from unauthorized access or data loss.

Data Privacy and Compliance Officers: In organizations that handle sensitive data,
data privacy and compliance officers are responsible for ensuring compliance with
relevant data protection regulations (such as GDPR or HIPAA). They develop and
enforce data privacy policies, handle data breach incidents, and address data subject

rights.
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e Business Managers and Executives: Business managers and executives rely on data to
make informed decisions, monitor performance, and drive strategic initiatives. They use
data insights to understand customer behavior, market trends, and operational efficiency,
which helps them shape business strategies and allocate resources effectively.

e Customers and Users: Customers and users of products or services provided by an
organization generate valuable data through their interactions. Their feedback,
preferences, and usage patterns contribute to understanding customer needs, improving
products, and enhancing user experiences.

e Regulatory Bodies and Auditors: Regulatory bodies and auditors have an interest in
ensuring that organizations comply with industry-specific regulations and standards
regarding data handling, privacy, and security. They may conduct audits or inspections to
assess data management practices and enforce compliance.

e External Data Providers: In some cases, organizations rely on external data providers to
access additional data sources for analysis or integration into their own datasets. These
providers may include market research firms, data vendors, or government agencies that

offer demographic, economic, or industry-specific data.

It's important for organizations to identify and engage with these stakeholders to establish clear
roles, responsibilities, and communication channels regarding data-related activities.
Collaboration and coordination among stakeholders help ensure that data is collected, managed,

and utilized effectively to drive insights and support informed decision-making.

3.3Plot chart explanation
Plot charts, also known as line charts or line plots, are graphical representations of data points
plotted on a coordinate plane. They are commonly used to visualize the trend or pattern of a

dataset over time or across different categories. Here's an explanation of how plot charts work:

Axis Setup: Plot charts typically have two axes: the horizontal axis (x-axis) and the vertical axis
(y-axis). The x-axis represents the independent variable or the categories or time periods, while

the y-axis represents the dependent variable or the data values being measured.

Data Points: Each data point represents a specific value or observation corresponding to a

particular category or time period. For example, in a time series plot, the x-axis might represent
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different time points (e.g., days, months, years), and the y-axis might represent a measured
quantity (e.g., sales, temperature, stock prices). Each data point is represented by a marker or a

dot on the chart.

Connecting Data Points: In a plot chart, the data points are connected by line segments to show
the continuity and the trend of the data over the plotted categories or time periods. This helps

visualize the overall pattern, direction, and magnitude of the data.

Trend Analysis: By observing the pattern of the line connecting the data points, you can infer
the trend or relationship between the variables. The line might have an upward (positive) trend,
indicating increasing values over time or categories. It might have a downward (negative) trend,
indicating decreasing values. It could also show a relatively stable or random pattern, indicating

no clear trend.

Additional Elements: Plot charts can include additional elements to enhance the understanding
of the data. These elements may include axis labels, a chart title, a legend (if there are multiple

data series), gridlines, and annotations to highlight specific points or events.

Interpretation: When interpreting a plot chart, it's important to consider the overall trend, any
significant changes or spikes in the data, and any patterns or cycles that may be present. You can
also compare multiple plot charts to identify similarities or differences in trends among different

variables or categories.

Plot charts are widely used in various fields, including business, finance, science, and social
sciences, to visualize and analyze data trends and patterns. They provide a clear and concise way
to communicate data insights and support decision-making based on visual representation of the
data.
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Self-check-3

Directions: Answer all the questions listed below.
Part | Multiple Choices

i.  Control limits are used in statistical process control (SPC) to determine:

a) The mean of a dataset
b) The range of a dataset
c) The boundaries of acceptable variation in a process
d) The standard deviation of a dataset
Answer: ¢) The boundaries of acceptable variation in a process

ii. ~ Who are relevant stakeholders in a business context?
a) Customers, suppliers, and regulatory authorities
b) Employees, shareholders, and competitors
c) Business managers, community, and media
d) All of the above
Answer: d) All of the above

iii.  What is the purpose of a plot chart?
a) To calculate control limits
b) To identify relevant stakeholders
c) To explain the concept of control limits
d) To visualize the trend or pattern of data over time or categories
Answer: d) To visualize the trend or pattern of data over time or categories

Part Il Short Answer:
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i.  Define control limits.

Answer: Control limits are statistical boundaries used in control charts to determine the
acceptable variation in a process. They are calculated based on the data and help identify when

the process is out of control or experiencing special causes of variation.
ii.  How are control limits calculated for an X-Bar chart?

Answer: Control limits for an X-Bar chart are calculated using the formula: UCL = X + A» * R
and LCL = X - A * R, where X is the mean of the sample averages and R is the average range of

the samples. Az is a constant based on sample size.
iii.  Explain how a plot chart is interpreted.

Answer: A plot chart is interpreted by observing the pattern of the line connecting the data
points. It helps identify the trend, direction, and magnitude of the data. Additional analysis can

be done by looking for significant changes, patterns, or cycles in the data.
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