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# Part by Part Guide on Traditional and Modern Apparel Product Development

## CHAPTER 1: INTRODUCTION

### 1.1 Background to the Study
Apparel is a fast-paced, competitive industry. It is important to keep up-to-date with changing trends and ensure that products do not become outdated quickly. Product development is the process of developing a product from an idea into a product that can be sold. The stages include trend analysis, fabric and trims selection, pattern making, sampling, fitting, specification, costing and approval. There needs to be good coordination between designers, merchandisers, pattern makers, production, buyers and suppliers.

There are many digital tools that can be used in product development. Traditional methods use manual techniques, paper and samples. Any changes made cause more communication and another sample. As everything is digital in modern methods, such as designs, patterns and specifications, changes can be made easily. However there can be a lot of issues with this such as costs to implement new technologies, infrastructure, skills, software incompatibility and organisational changes. Tools such as CAD, digital patterns, 3D, virtual sampling, e-approvals and PLM (Product Lifecycle Management) can be used to reduce the number of prototypes and materials required, depending on the context.

### 1.2 Problem Statement
Manufacturers have to increase the speed of product development whilst keeping quality and costs low. Traditional methods offer useful physical information. However, multiple samples cause increased material, time, labour and environmental impacts. Digital tools cannot completely replace physical fitting as issues can be picked up during the physical fitting process that cannot be identified during the virtual fitting. This issue affects the Bangladeshi RMG (ready made garment) industry the most as there are issues with communication, coordination, lead time and technology.

### Aim, Objectives and Research Questions
The aim of the study is to compare traditional and modern product developments and investigate how technologies have affected the design, sampling, alterations, communication, timescale and efficiency.

The objectives are:
To understand the stages involved in each system and compare them.
Understand the impact of technology.
Identify the benefits and limitations.
Discuss the differences in timescales, costs, sampling, communication and approvals.
Demonstrate how modern methods have improved efficiency.

There will be seven research questions.

### 1.6 Significance of the Study
This study provides a clear comparison of how the product development practices have evolved. It gives future researchers a framework for looking at digital change, virtual sampling, sustainability, technology and human and organisational factors.

### 1.7 Scope
Only the product development stage will be looked at. This includes fabric and trim selection, pattern creation, sampling, fitting, communication and approvals. The study doesn’t look at full manufacturing, retail and consumer behaviour. The findings would only apply to the research context.

### 1.8 Limitations

There were limitations to the research:

Limited access to respondents and limited data collection time.
Confidentiality of companies.
Opinion based.
Not generalisable for different sized companies, products and technologies.
## CHAPTER 2: LITERATURE REVIEW
### 2.1 Introduction
This section provides a theoretical base. It will compare and summarise the previous research. Apparel product development (APD) links product ideas to market needs and manufacturing. It involves design, merchandising, technical development, sourcing, production and quality. There is a wide range of literature; some research looks at process models, technology, sustainability, collaboration and individual stages. Senanayake (2015) states that to have efficient product development methods, coordination, communication and tools are vital. With the rise of fast fashion there is extra pressure. Seram et al (2016) state that old models didn’t consider customer and supplier decision making. Wijewardhana et al (2021) have found that Industry 4.0 tools can fit within the various stages of new product development. To modernise product development they need to incorporate technology with people and processes. Fung et al (2021) state sustainability has to be incorporated into product development.

### 2.2 Apparel Product Development (APD)
Apparel product development is a multi-disciplinary activity that takes product ideas and creates an approved product that is ready to manufacture. It combines creativity, technicality, business and management. Themes include:
Quality, cost and time: early decisions will impact on the product quality, costs and timescales. Technology can influence performance.
Fabrics: fabrics, yarn and trims need to match the design, consumer and price. Knitwear will depend on the yarn and structure for fit and handle.
Pre-costing: It is recommended to pre-cost early in the process (Pitimaneeyakul et al., 2004).
Fittings: Rarely will the first sample be perfect. Pattern making is an iterative process (Meng et al., 2012).
Communication: Delays and confusion when communicating specifications and comments can cause more design cycles.
CAD, 3D and PLM tools mean testing can be done before sampling. However accurate information is required, skills and organisation.
2.2.1 Traditional process. The traditional process includes research and concept, design, fabric, technical design, pattern making, sampling, fitting, alterations, costing and pre-production. This is a physical and iterative process. If samples fail in design, measurements, fitting or quality then changes will be made and samples will be made again. Accuracy will depend on communication, staff expertise and materials.
### 2.3 Traditional APD
Traditional methods use manual techniques, physical materials and sequential communication. Design is done manually with sketches, mood boards and swatches. This allows creativity but can be confusing. Fabrics are chosen by feeling the weight, drape, stretch and texture. Pattern making relies on the tacit knowledge of skilled pattern makers. If changes are required then patterns will need to be redrawn. A physical sample will show what the design isn’t showing. Fitting will be done on a model or mannequin. More samples will be made as samples will need to be redrawn multiple times. Materials will be used in larger amounts. Specifications will be on paper and changes will need to be made manually. Information will be passed from department to department and cause delays.
Advantages: physical, direct and experienced staff. Disadvantages: Physical samples, personal experience, large amounts of materials and shipping delays.

### 2.4 Modern APD
Modern methods have been developed to speed up, be flexible, keep costs low and reduce materials. Digital tools support the existing knowledge in apparel. CAD can be used to alter, grade, save and re-use patterns. Markers can be done digitally. 3D modelling can be used to see garments on avatars. 2D to 3D can be used to create a virtual body from 2D patterns. 3D to 2D can be used to flatten a design. Virtual sampling can be used to assess designs. This reduces the number of prototypes. Virtual fitting can be used to assess proportions, tension and draping on a virtual body. Fabrics will be simulated using weight, stiffness and stretch. Accuracy will depend on the body and fabric information. Communication can be done digitally with sketches, specifications and 3D. PLM has evolved from product data management. It brings everything together; design, fabric, measurements, costing, comments and approvals. It has been linked to reducing lead times. Digital methods can reduce cycle times, shipping and sampling costs. However there can be high costs for software, hardware, training and integration, especially for companies with limited resources.

### 2.5 Technology and Environmental Sustainability
Many physical activities can be moved to digital. However this doesn’t mean there will be no physical activity. Lead times and costs will vary between organisations. Traditional methods use lots of fabric, energy and shipping. Failed samples are also wasted. Using digital tools, designing, virtual prototyping and sampling can reduce these. Studies have shown 3D prototyping and PLM can reduce environmental impact.

### 2.6 CAD and Digital Design
CAD can be used to design, pattern make, grade, markers and modelling. 3D modelling can be used to review the garment with the team. This reduces the traditional pattern, sample, fit, comments and alterations cycle. CAD can also be integrated with CAM.
### 2.7 Digital Communication
Designers, merchandisers, pattern makers, buyers and suppliers need to communicate about the product. Communication can be done via email, digital specifications, PDM/PLM and 3D. This is most important in global supply chains such as the Bangladeshi RMG industry. It provides standardised and documented information. It also helps speed up response times.
### 2.8 Product Lifecycle Management (PLM)
PLM has evolved from product data management. It brings everything together; design, fabric, specifications, colours, measurements, costing, comments and approvals. It helps support collaboration and changes. It can reduce lead times from concept to production. Issues include cost, training, data management, organisation and integration.
### 2.9 Advantages and Disadvantages
Traditional advantages: Feelable, direct evidence, no expensive software, develops hands on skills.
Traditional disadvantages: Multiple samples, longer lead times, high material usage, poor information management, limited design options.
Modern advantages: Easy to make changes digitally, faster, less physical samples, good communication, sustainable and experimenting with designs.
Modern disadvantages: Costly, skills, not perfect simulation, incompatibility and resistant to change.
A table has been created to compare the two (Table 2.1). Overall the two are complementary. There will still need physical validation for certain properties.

## CHAPTER 3: METHODOLOGY
### 3.1 Research Approach
A mixed method approach was used. Quantitative data was gathered using structured questionnaires. These included timescales, costs, samples, fitting, communication, approvals, use of technology and efficiency. Qualitative data was gathered using interviews and observations. These explained why the systems are different.
### 3.2 Research Design
A mixed method design was used. It had multiple elements:
Traditional: Sketching, manual pattern making, sampling, fitting, comments, alterations, resampling, approvals.
Modern: CAD, digital patterns, 3D, virtual sampling, digital communication, PLM.
Efficiency: Timescales (design, sampling, fitting, communication, approvals), costs (sampling, alterations, materials, shipping, technology), perceived accuracy and quality.
Hybrid: The systems aren’t separate. Companies may use both methods.
Valid, ethical, logical and justified. The questionnaire was piloted. Triangulation was used with the questionnaire, interviews, observations and literature. The research was voluntary and confidential. No company data was requested. Logical process was followed from the problem, objectives, data collection, analysis, integration, comparison and conclusion. A mixed method was used as quantitative data couldn’t show why differences occurred.
### 3.3 Target Population and Sampling
The Target Population were apparel professionals who do product development. This includes designers, merchandisers, product developers, sample section, pattern makers and production staff. The accessible population will depend on the organisation allowing access, availability and time. A purposive non probability sample was used to select respondents that had rich information. They had experience with at least one of the stages. This wasn’t generalisable.
### 3.4 Data Collection
Primary data: Questionnaires, semi-structured interviews and observations (if allowed).
Secondary data: Journals, books, conference papers and industry reports.
Process: Identify suitable participants, liaise with organisations, complete questionnaires, conduct interviews (recorded or noted) and complete observations (if allowed).
### 3.5 Questionnaire and Interviews
The questionnaire had sections on professional information, traditional methods, modern methods and comparisons. It was multiple choice, categorical and Likert. The interview had seven themes; traditional, modern, timescales and costs, communication, sampling and fitting, technology and efficiency, advantages and disadvantages. A table has been created to link all research areas to the tools.
### 3.6 Sampling Technique
A purposive sample was used. Respondents were selected as they had knowledge of one or both systems.
### 3.7 Instruments, Validity and Reliability
Content Validity: Questions were linked to objectives. Expert checking and piloting was done. Any unclear questions were changed or removed.
Reliability: Cronbach’s Alpha was calculated after piloting and final data if relevant. This isn’t enough evidence on its own. Omega could be used instead. Interviews had consistent core questions.
### 3.8 Data Collection Process
Instruments were created, questionnaires were piloted, quantitative data was collected, interviews were completed, secondary sources were reviewed and checked for completeness and consistency. It was kept valid throughout. It was voluntary, had a purpose, no confidential company data and secure storage.
### 3.9 Data Analysis
Quantitative: Descriptive statistics were used in SPSS. This included frequencies, percentages, means and standard deviation. This was presented in tables and charts. Traditional and modern methods were compared on timescales, costs, sampling, communication, alterations and approvals.
Qualitative: Thematic analysis was used. This had four stages; reading, coding, theme grouping and theme building (Braun &amp; Clarke).
Integration: Findings were compared to see where they agree, disagree and are complementary.
## CHAPTER 4: RESULTS AND DISCUSSION
Note: No actual data was given from the survey so this has been written as a framework and based on the literature.
### 4.1 Respondent Information
Respondents were split into gender, age, education level, designation, years of experience, involvement and knowledge of both methods. Gender is purely demographic. Age and years of experience are important as long serving staff will know traditional methods and newer staff will know modern methods.
### 4.2 Traditional Findings
Typically a product would go through market research and buyer requirements, design, fabric selection, manual pattern making, cutting and sewing, fitting, comments, alterations, resampling and approvals. There were nine stages. All of these are physical. There are multiple samples including development samples, fitting samples, size set samples and pre-production samples. There are implications for:
Timescales: Alterations take longer.
Costs: Multiple samples increases material, labour and shipping costs.
Quality: Physical methods help with practical fitting and quality.
Communication: Delayed feedback.
Approvals: Delayed due to shipping.
Skills: Results depend on skills.
Advantages: Physical, practical skills. Disadvantages: Longer timescales, waste, samples and paper.
### 4.3 Modern Findings
There are four technologies:
CAD: Easier to alter, save and re-use patterns. Technical information is consistent.
3D Virtual Prototyping: Teams can review the garment. Designers can see colours and proportions. Buyers can comment on digital garments. Limitations include fabrics not being as realistic as stretch, drape and texture is difficult to simulate.
Timescales and Costs: Less samples may reduce resources. However depends on investment, number of styles and how often alterations are made.
Communication and Approvals: Digital files and platforms make it easier. Can reduce sampling costs. Some buyers may still want physical samples. Version control can be a problem.
Overall modern methods aren’t always better.
### 4.4 Comparison
The two systems were compared on fabrics and trims, patterns, sampling, fitting, communication, approvals, QC and documentation (Table 4.2).
4.4.3 Timescales: Traditional methods will take longer with each sample, fitting and approval. Digital tools can speed up alterations but this doesn’t always mean lead times are reduced. Material availability, testing and buyer feedback will also play a role.
4.4.4 Costs: Traditional methods have costs for sampling, trims, labour, finishing, packaging and shipping. Digital reduces repetitive costs. However there are costs for software, equipment and training. The benefits increase with volumes and alterations.
4.4.5 Communication: Digital tools with packing and 3D help with accessibility and documentation. However if instructions aren’t clear this can’t be resolved. Physical approvals may still be required for colours, texture, fitting and quality.
4.4.6 Accuracy: Just because there is a digital pattern or 3D simulation doesn’t mean it will fit correctly. Physical testing is important, especially with knits (stitch structure, stretch recovery and linking).
4.4.7 Overall: Traditional methods have advantages with skills and feeling the materials. Modern methods have advantages with coordination and less unnecessary sampling. A hybrid is most realistic for Bangladesh.
### 4.5 Environmental Sustainability
Multiple samples cause waste of fabric, sewing and shipping. Virtual sampling can reduce some impacts. Four garment models were analysed using life cycle assessment. This showed varying reductions depending on the garment. Digital methods use electricity. Physical samples are still needed for texture, drape and colours. A table has been created to compare material usage, waste, energy and shipping (Table 4.3).
### 4.6 Challenges and Limitations
Traditional: Timescales, waste, coordination, paper and long approvals.
Modern: Investment, not realistic, training, software compatibility between designer, merchandiser, factory and buyer.
Note: This isn’t a survey.
### 4.7 Discussion
4.7.1 Comparison: If there is a change from a buyer using traditional methods a new pattern, sample and approval will be needed. Some features can be tested using modern methods. However physical testing is still important for fitting, fabrics, sewing and construction.
4.7.2 Timescales and Costs: Lead times (from request to approval) will vary. Virtual sampling and digital communication may reduce some timescales. Cost conclusions should be based on actual numbers from the respondents.
4.7.3 Accuracy and Communication: Accurate measurements, fabric settings and specifications are needed for digital evaluation. Quality of communication will depend on documentation, version control and accuracy.
4.7.4 Sustainability: Investment and training is needed for benefits. A combination of selective physical samples and digital evaluation appear to be the most appropriate.
## CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS
### 5.1 Summary and Key Findings
The study compares the two methods on design, patterns, sampling, fitting, communication, approvals, timescales, costs and technology. Findings have been based on literature rather than questionnaire data. Traditional methods involve physical sampling, manual pattern making, communication and multiple fittings. Modern methods include CAD, 3D, digital patterns, virtual sampling and e-communication. Less physical samples can reduce fabric, costs and shipping. Benefits depend on skills, readiness and product.
### 5.2 Summary of Findings
Design and Patterns: Easier to edit and share using digital tools. Accurate measurements and materials are required.
Sampling and Fitting: Virtual sampling helps. However drape, texture, stretch and fitting will need physical testing.
Communication: Some timescales can be reduced using digital communication. Buyer feedback, trims, unclear specifications and long approvals can cause delays.
Costs: Digital methods have costs for licences, equipment, training and maintenance. Physical methods have costs for fabric, labour and shipping. Investment and savings need to be considered.
Sustainability: Digital can reduce waste but uses electricity.
Skills: Traditional methods require skills for pattern making, sewing and fitting. Modern methods require skills for CAD, 3D and digital files.
### 5.3 Conclusion
Traditional methods aren’t outdated as physical samples are still needed for fitting, fabrics and construction. Timescales and overall lead times should be considered separately. Investment and human skills are needed to use digital methods. A gradual and hybrid approach would be the most realistic for the RMG sector in Bangladesh. I would suggest evaluating based on
Part 2: Further Breakdown

## Part A: Detailed Description of Scope

A1. Mixed-Methods

A detailed description explaining why this will be a mixed methods approach. As this topic requires both qualitative and quantitative data to be collected. Quantitative data will be collected to show how much information there is for certain areas of the product development process. For example, how many hours took place, the cost and how many samples were used. Qualitative data will be collected to give more detail on the experiences, opinions, practices and observations of professionals. Using both types of data will give a greater insight into the product development process.

A2. Approval

This will look at the process of approval. This includes samples, specifications, measurements, construction details and other product development information. Under traditional methods samples would be sent. Comments would be added, changes made and samples approved multiple times. With modern methods samples might be digitally visualised. Documents would be created electronically and communication would be aided by technology. This will highlight how the approval process impacts the overall product development process.

A3. Cost and time

This will look at the lead time of the development process. How many samples are required, how many times changes have taken place, how much communication has taken place and how much time has been spent on approval. Traditional methods would require samples to be physically made. Manual processes would also be involved, samples would need to be transported and changes would be made multiple times. Modern methods would use technology. This will look at how this impacts efficiency and resource requirements.

A4. Technology

This will look at any technology that can be used to help with the design development, pattern development, digital communication, 3D visualisation, virtual sampling and product information. This isn’t looking to review all of these individually but to understand how the processes are different when using technology compared to traditional methods.

A5. Efficiency

This will look at how efficient the processes are. This includes how long the product development has taken, how much it has cost, how many samples, how much communication, changes and approvals have taken place. How much time has been spent on coordination and how much technology has been used. This will look at how the systems are organised to create efficiency. What benefits and limitations there are. Modern methods aid efficiency due to information being shared, less physical processes and quicker evaluation and changes. This doesn’t mean that technology will always produce better results but will look at the potential benefits and limitations.

A6. Industry

This will look at the apparel industry. Designers, merchandisers, product developers, sample professionals, pattern makers, technical staff and anyone with hands on experience. This will show how traditional and modern methods work in real scenarios.

A7. Specific Country/Companies and Manufacturing

This is looking at a specific research scenario. Not all countries, companies or manufacturing systems within the apparel industry. The results will be interpreted according to the population chosen. This won’t look at the whole manufacturing process, retailing or consumer purchasing behaviours. Just the development process.

A8. Summary of Scope

This will look at the differences between the two systems. Design development, fabric and trim selection, pattern development, sampling, fitting, changes, communication, approval, cost, time, technology and efficiency. This will show how the work to create garments has changed within the given constraints.

## Part B: Anticipated Outcomes

These are anticipated outcomes and will not be concluded until the primary and secondary data has been analysed.

B1. Communication

This will show how the use of digital specifications, electronic documents, 3D visualisation and other technologies has changed the way information is shared. Previous studies have shown improved communication with suppliers using 3D digital technologies.

B2. Sampling and Approval

Traditional methods would require physical samples. Virtual sampling and 3D visualisation will allow teams to assess concepts and some garment characteristics digitally. Recent studies have shown that using virtual sampling rather than conventional sampling has shown reduced sampling and sampling times.

B3. Accuracy

This will look at the accuracy of fitting, measurements, visualisation and changes to products. Digital 3D technologies can be used to create virtual garments to assess design and fitting. However, some areas of the garment interaction with humans aren’t fully replicated digitally. This will show the capabilities and limitations of digital technologies.

B4. Efficiency

There will be evidence of efficiency in the development process. Less physical sampling could take place and less time spent on sharing information. Digital visualisation and changes aid efficient processes. Work has been carried out linking Industry 4.0 technologies to apparel new product development performance.

B5. Traditional Methods Can Be Useful

This will show traditional methods are useful. Physical fabric assessment, fitting, tactile assessment, sample verification and technical assessment can provide information that can’t be provided by digital visualisation. Studies have shown this using 3D virtual fitting.

B6. Hybrid

It is likely this will show that the systems aren’t mutually exclusive. Companies can utilise the hands on physical assessment but also use digital technologies to visualise, communicate, change, sample and manage information.

B7. Overall

Overall this will give a clear understanding of how the development process has changed from a physical and manual process to a technology aided and digital process. Information will be gained on how long, how much it costs, communication, samples, approval, accuracy and efficiency. Benefits and drawbacks will be shown for both methods. This will be useful to designers, merchandisers, product developers, fashion professionals and future researchers.

## Part C: In Depth Limitations

This study aims to systematically compare the two systems however there are limitations to the study. These include limited access to professionals, time constraints, company confidentiality, limited access to proprietary technologies and lack of representative respondents. Knowing these will help prevent overstepping what can be concluded.

C1. Limited Access to Professionals

Merchandisers, designers, product developers, sample professionals, pattern makers, technical staff and production staff will be required for this study. Those with experience may be busy with their schedule, limited availability, company policies or other commitments. This can limit the range of opinions gained. Different departments will have different levels of experience with the two systems. If only a few professions or companies are involved some opinions may be missed. The results will be interpreted according to the chosen respondents.

C2. Time to Collect Primary Data

Primary data will take time to collect. Questionnaires will need to be created and sent out, interviews will need to be carried out, opinions gathered, responses organised and quantitative and qualitative data analysed. Those with busy schedules may struggle to spend a long amount of time collecting data or carrying out lengthy interviews. Time constraints could limit how many organisations and professionals are included. There may also be a lack of changes to methods as it has been carried out over a short period of time. The findings will reflect the conditions and responses during the research period.

C3. Other Limitations

Other limitations include company confidentiality and proprietary systems. This limits what documents and tools can be seen. The findings will be based on opinions and may not be generalisable to all company sizes, product types and technology levels.

## Part D: Full Literature Review

D1. Purpose of Review

This review provides the theoretical and empirical background to the study. It should be systematic, comparative and synoptic. This will show what is known, key concepts and any gaps. This topic is important as there are many interlinking areas within product development.

D2. Importance of APD

APD links ideas to market needs and manufacturing. It is seen as an important process for organisational success and sustainability. It is dependent on design, product development, merchandising, technical development, sourcing, manufacturing and quality management.

D3. Senanayake (2015)

The fashion product development process involves turning the designers initial idea into the final preparation of the style for manufacturing. An efficient process will require coordination, communication, tools and technologies. However, fast fashion business practices are challenging APD and strategies need to be put in place to be responsive to the market.

D4. Seram et al. (2016)

Current APD models have been looked at. Previous models have focussed mainly on design, design development and style selection. APD isn’t just a series of technical processes but an interlinking process.

D5. APD Process

Generally APD is described as a series of interlinking processes. Market research, product planning, concept development, design development, fabric/yarn selection, trim and colour development, patterns, sampling, fitting, changes, costing, evaluation, approval and preparation for production. Authors have identified key aspects including planning, product design, manufacturing and launch. It has been emphasised that product development is becoming increasingly important for environmental sustainability and supply chain management.

D6. Traditionally Physical

Traditionally product development has been a physical and manual process. Ideas will be presented to the client early on using sketches, physical references, specifications and material samples. Patterns will be drawn manually, cut in the pattern room, made in sample shop, fitted to the body, tested, alterations made and samples made as required. This allows the materials, construction, look and fit to be viewed. However, this can take a long time due to the iterations of physical samples. Studies have focussed on improving coordination and efficiency especially as market conditions have become more demanding.

D7. Technology

CAD, digital pattern making, 3D visualisation, virtual prototyping, digital communication and PLM all play a significant role. This allows product information to be digitised, improves communication of design and technical information and allows selected features to be assessed. Modern product development is seen as an important factor in performance and coordination.

D8. Business Environment

As the industry has moved to using technology there have been changes within the fashion business environment. Products have shorter life cycles, customer preferences have changed, there is a larger variety of products, global competition and pressure to reduce development time. This means efficient systems are more important than ever.

D9. Industry 4.0

Wijewardhana et al. (2021) looked at Industry 4.0 in apparel new product development. They found technology components can be used in different stages of the NPD life cycle however the importance varies between stages. This shows that moving to modern methods isn’t just replacing manual processes with digital tools but implementing technology into organisations, skills, communication and decision-making.

D10. Sustainability

Fung et al. (2021) argued that environmental, social and economical sustainability needs to be included within fashion product development. They identified different product development structures and emphasised that sustainability should be embedded into the whole process. Product development isn’t just about aesthetics, quality, cost and marketability but also resource usage, supply chain structure and environmental impact.

D11. Themes

There is a lot of work within this area however it has become split into themes. Some studies have looked at the process, some have looked at organisational processes, some have looked at specific technologies, sustainability, collaboration or individual stages. Seram et al. highlighted there are gaps in collaboration and decision making. Recent studies have focused more on digital technologies and Industry 4.0. This is why this thesis is filling the gap by comparing the full process.

D12. Structure of Chapter

This chapter will look at the full Apparel Product Development process. This will include design, materials, patterns, sampling, fitting, changes, costing, evaluation, approval, communication and preparation for production. This will look at traditional product development and modern technology driven product development. Looking at how CAD, 3D visualisation, virtual sampling, digital communication and PLM impact time, cost, efficiency, collaboration, quality and resource usage.

## Part E: In Depth 2.2 Apparel Product Development

E1. Definition

Apparel Product Development (APD) is a multi-disciplinary process that turns an initial idea or market requirement into a technically developed, evaluated, approved and ready to produce product. It requires collaboration between design, merchandising, product development, pattern making, technical development, sourcing, quality control, production and communication with buyers. It is an integrated process and isn’t just designing garments. A well defined process will help firms adapt to market changes, plan new lines and choose appropriate technology (Pitimaneeyakul et al., 2004).

E2. Objectives and Value Chain

The objective is to create products that meet consumer and market requirements. The products should have desirable qualities including fit, look, function, cost and manufacturability. Decisions made in early stages will impact how the product performs in manufacturing. This makes product development a key link between market requirements and manufacture. It greatly impacts quality, cost and development time (Wijewardhana et al.). Technology competency will also impact how well the process works.

E3. Market Research

Product development starts by identifying market opportunities, what consumers are interested in, fashion trends and what the product needs to be. Research shows consumer expectations have changed. Designers will create initial ideas. This will turn into sketches, colour direction, fabric/yarn selection, trims, measurements, construction details and technical specifications.

E4. Materials

Materials including fabrics, yarns, trims, colours and finishes need to be chosen to match the design, performance, target market, cost and manufacturing capabilities. In knitwear the properties of the yarn and type of knit will directly impact the look, feel, stretch, stability, weight and fit. Pitimaneeyakul et al. found opportunities for improvement in their case study of a U.S sweater manufacturer. They recommended more in-depth and longer market research, pre-costing earlier, quality assurance and using CAD and product development management software.

E5. Technical Development

Once the design and materials have been decided the concept can be turned into something that can be manufactured. Key activities include pattern development, specification writing, sample creation and fitting. Technical specifications will be created giving measurements, construction, materials and other requirements. Patterns will be created to give the garment dimensional structure. A prototype will be created and tested against the desired design. This can include measuring, fitting, look, quality of construction, performance of fabric/yarn, colour, craftsmanship and conformance to specifications.

E6. Fitting

The product rarely meets all of the design and technical requirements in the first instance. Issues may arise during fitting which may mean changes need to be made to the pattern, measurements, construction, materials or styling. The product will then be resampled and tested again. Pattern making is an iterative process meaning there will be many changes to the pattern and fittings (Meng et al., 2012). This is important as the garment must meet both aesthetic and dimensional requirements to be finally approved.

E7. Costing

Teams will need to consider how much materials will be used, cost of fabric/yarn, trims, labour, manufacturing requirements, processing, packaging and other costs. Cost can impact what materials are used, how the garment is constructed, design features and whether it is commercially viable. Early pre-costing is recommended (Pitimaneeyakul et al.).

E8. Collaboration

Product development will usually involve many people working in different locations, departments or organisations. Designers will send concepts to technical teams, merchandisers will send requirements to buyers/suppliers, pattern makers will send technical changes to sample operators and quality teams will send performance feedback. The accuracy and speed of information will impact how effective the whole process is. Issues with specifications, comments, approvals and changes can cause extra development cycles.

## Part F: Research Model

F1. Activities Not Organisations

This isn’t comparing the two systems as organisations but looking at the activities. Design development, material selection, pattern development, sampling, fitting, changes, communication, approval, documentation, time, cost, technology, collaboration and efficiency. This is a research model so doesn’t assume one system will always win.

F2. Respondents and Tools

Designers, merchandisers, product developers, sample professionals, pattern professionals, production and technical professionals. Structured questionnaires and semi structured interviews.

F3. Combined Analysis

Quantitative and qualitative results will be analysed and interpreted. Interviews will provide reasons for trends in the questionnaires, for example why physical samples are still used. Efficiency will be measured by time, cost, sampling, communication, changes, approval, accuracy and overall efficiency. This acknowledges that companies will use a combination of techniques, for example CAD patterns and physical fitting. This will measure how integrated technology is.

Note:

The main argument throughout both sections of this breakdown is that traditional product development provides direct physical assessment but can take time, materials and effort to coordinate. Modern product development provides visualisation, quicker changes and better information sharing but requires an investment, skill and integration within processes. A phased hybrid approach would be the logical option, especially for the RMG industry in Bangladesh. Throughout the thesis it is mentioned that the conclusions are based on literature as the survey data wasn’t provided.
Part 4: Questions &amp; Answers

Chapter 1: Introduction

1. Why is the product development stage important for apparel?
The product development stage provides a foundation for the rest of the product such as production, quality, cost and readiness for market. Through trend analysis, fabric &amp; trim selection, pattern making, sampling, fitting, specification, costing &amp; approval, designers, merchandisers, pattern makers, production, buyers &amp; suppliers must all work together. This means if there are any errors during this stage it will affect the whole process.

2. How have traditional and modern approaches been defined in the thesis?
Traditional development is done manually. Using drawings, paper documents and physical samples. Modern development uses CAD, digital patterns, 3D, virtual prototyping, electronic approvals and PLM systems. Although in the thesis it has been highlighted that in some contexts the modern tools can reduce the need for multiple prototype development and reduce material usage.

3. What is the problem statement?
Manufacturers want to speed up the product development. Traditional methods can provide useful information with physical samples however the need for multiple sampling increases material, time, labour and transportation. Digital methods cannot always replace the physical fitting process as some problems may not be picked up through virtual fitting. However this is most apparent within the RMG industry in Bangladesh where there are communication, coordination, lead time and technology capability issues.

4. What was the objective and aims of the study?

To compare traditional and modern product development and see how technology affects the design, sampling, alteration, communication, timescales and efficiency. To:

Understand the different stages of each system.
Understand the impact of technology.
Identify benefits and limitations.

Discuss the differences in timescale, cost, sampling, communication and approvals.
Highlight how modern practices increase efficiency.
There were 7 research questions.
5. What is the significance of the study?
It provides a structured approach to comparing the differences in development practices. Also provides a framework for future researchers to know about digital transformation, virtual sampling, sustainability, technology adoption and the human factors affecting the implementation.
6. What was the scope and out of scope?
In Scope: Only looking at the development stage from concept to being ready for production. Fabric &amp; trim selection, pattern making, sampling, fitting, communication &amp; approvals. Out of scope: Entire manufacturing process, retail &amp; customer behaviours. Findings cannot be applied universally but just within the research context.

7. What were the limitations?
Limited access to respondents.
Company confidentiality and private systems.
Opinions were used instead of documented evidence from the company.
Not able to generalise findings to all company sizes, products and levels of technology.
Chapter 2: Literature Review
8. What was the purpose of the literature review?
To provide a theoretical and empirical basis to the study. To compare and summarise previous work and identify gaps. This is important as there are many interlinked factors to consider when looking at product development.
9. What was the gap identified?
There are many fragmented areas of research. Research has looked at process modelling, specific technologies, sustainability, collaboration and individual stages. Seram et al (2016) indicated that past models did not pay much attention to collaboration and decision making. Newer research has begun to look at digital technologies and Industry 4.0. This gap has been filled by comparing the entire process of both systems.
10. What contributions have Senanayake (2015) and Seram et al (2016) made?
Senanayake explains that fashion product development is from initial concept by the designer and final preparation for production. Efficiency is affected by collaboration, communication, tools &amp; technologies. Fast fashion can cause pressure. Seram et al found that past models focused on design, design development and style selection however there was less collaboration between customers &amp; suppliers. This shows that APD is an interlinked process.
11. What contributions have Wijewardhana et al (2021) and Fung et al (2021) made?
Wijewardhana et al found that components of Industry 4.0 can be used in different stages of new product development however importance varies. This means that to modernise you need to incorporate technology into your processes, people and decisions. Fung et al argued that environmental, social &amp; economic sustainability must be incorporated throughout the process.
12. How has APD been defined in the thesis?
This is an interdisciplinary process that takes a market need or concept and develops it into a technically developed product that has been evaluated, approved and is ready for production. This requires collaboration between design, merchandising, pattern making, sourcing, quality control, production &amp; buyers. It is a creative, technical, commercial, manufacturing &amp; management process.
13. Why is material selection important? Especially for knitwear?
Appropriate fabrics, yarns, trims, colours and finishes must be selected to suit the design, performance, target market, cost and manufacturing capabilities. Yarn properties and type of knit will directly affect the appearance, feel, stretch, stability, weight and fit of the garment. Pitimaneeyakul et al (2004) conducted research into a sweater manufacturer in the US and suggested longer market research, early pre-costing, quality assurance built in, CAD and product development management software.
14. Why is fitting an iterative process?
The initial sample rarely meets all design and technical requirements. Problems can occur during fitting and this may require alterations to the pattern, measurements, construction, material and styling. This increases the amount of samples required. Meng et al (2012) indicated that pattern making is an iterative process requiring multiple alterations and fittings. The garment must meet aesthetic and stability requirements to be finally approved.
15. Why does quality of communication affect the amount of development cycles?
Multiple people from different departments, locations and organisations will be involved in development. Information will need to be passed regarding concepts, requirements, technical alterations and quality feedback. If there are any delays or misunderstandings regarding specifications, comments, approvals &amp; alterations extra cycles will be required. Accurate and quick information is important for an efficient process.
16. What is traditional APD? What are the main tools?
Manual, physical, sequential communication and physical samples.
Design – Hand drawn, mood boards &amp; swatches. Can cause confusion.
Fabric – Feel.
Pattern Making – Tacit knowledge of skilled pattern makers. Alterations required mean re-drafting.
Sampling &amp; Fitting – Physical. Multiple alterations.
Re-sampling – Extra material, labour &amp; time.
Specifications – Paper based.
Communication – Between departments. Delays.
Advantages – Physical direct evaluation. Disadvantages – Physical repetitive, personal experience, material used per sample &amp; delays in shipping.
17. What is modern APD? What are the main tools?
Technology driven &amp; digital. Tools used:
CAD – Patterns can be altered, graded, saved &amp; reused.
3D – Garment on avatars with 2D to 3D draping &amp; 3D to 2D.
Virtual Sampling – Less physical samples.
Virtual Fitting – Proportions, tension &amp; drape on virtual body. Accuracy depends on body &amp; fabric data.
Communication – Cloud, video calls &amp; approvals.
PLM – Centralised record of design, materials, specifications, colours, measurements, costing, comments &amp; approvals.
Digital tools help with knowledge in apparel.
18. What is PLM and why is it important?
PLM was developed from product data management. It allows information to be in one place meaning everyone is working from the same source. This helps with collaboration and change management. It can be linked with reducing the time from concept to production. Issues include cost, training, data management, organisational readiness &amp; integration.
19. What are the advantages and disadvantages of each system (2.9)?
Traditional Advantages – Physical touch, direct evidence, no expensive software, hands on skills.
Traditional Disadvantages – Repetitive sampling, longer lead times, lots of material used, poor information management, limited design options.
Modern Advantages – Fast digital alterations, quicker, less physical samples, improved communication, sustainable potential and design experimentation.
Modern Disadvantages – Cost, skills, inaccurate simulation, compatibility issues and resistance.
Overall they are complimentary.
Chapter 3: Methodology
20. Why have mixed methods been used?
Quantitative data will show differences and qualitative will explain why. For example a survey may indicate there was a time saving however interviews will explain this was due to pattern alterations in CAD and electronic approvals. This is seen as complementary methods.
21. What was the efficiency framework?
Efficiency was measured in 3 ways:
Time – Design, sampling, fitting, alterations, communication &amp; approvals.
Cost – Sampling, repetitive alterations, material, transportation &amp; technology (if applicable).
Perceived accuracy &amp; quality – Accuracy of measurements, visualisations, fitting, construction &amp; product.
22. What was meant by hybrid coexistence?
No system was looked at in isolation. A company may use CAD for patterns but fitting on a physical mannequin. There was no assumption that the process would follow a certain order for all companies. Instead the level of technology was measured.
23. Who formed the population? How were they sampled?
Population – Apparel professionals involved in development. Designers, merchandisers, product developers, sampling section, pattern makers &amp; production. Criterion based purposive sampling was used (non-probability). Participants were chosen based on their knowledge &amp; experience with one or both systems. This means rich information but cannot be statistically generalised.
24. What data collection tools were used?
Structured questionnaire – Sections for professional background, traditional, modern &amp; comparative. Multiple choice, categorical &amp; likert scale.
Semi structured interview – Consistent core questions with probing. 7 themes.
Observation – With permission only. No confidential information was recorded.
Secondary sources – Journals, books, conference papers &amp; industry reports.
25. How was validity and reliability ensured?
Content validity was ensured by relating questions to objectives. Experts &amp; academics checked questions were relevant, comprehensive &amp; clear. Ambiguous and irrelevant questions were removed through piloting. Reliability was ensured by Cronbach’s Alpha on multi item scales after piloting &amp; where appropriate on final data. This isn’t enough on its own and omega was mentioned. Interviews had consistent core questions, accurate recording &amp; consistent coding.
26. How will the data be analysed?
Quantitative – Descriptive statistics using SPSS. Frequency, percentage, mean &amp; standard deviation shown in tables &amp; charts. Qualitative – Thematic analysis (Braun &amp; Clarke). Read, code, theme &amp; develop themes. Findings compared to identify similarities, differences &amp; complimentary points.
27. What ethical considerations were there?
Voluntary participation, purpose was explained &amp; no confidential company data asked for. Data was coded &amp; kept secure. Interviews were only recorded with consent.
Chapter 4: Results &amp; Discussion
28. Why was the respondent profile important? What was the note?
Shows the gender, age, education, designation, experience, area of involvement &amp; exposure to both systems. This indicates that participants had enough knowledge of both systems to make comparisons. Age &amp; experience are important as senior staff will have knowledge of both manual and digital. Note – Actual data from the survey was not provided. This chapter is a framework based on the literature.
29. What are the advantages &amp; bottlenecks of traditional development?
Advantages – Physical evaluation of fit, feel, construction &amp; craftsmanship. Hands on skills with pattern making, cutting, sewing &amp; fitting. Bottlenecks – Longer timescales, material waste, samples to store &amp; paper patterns &amp; documents. Old system isn’t bad &amp; can be used as a benchmark.
30. What are the advantages &amp; disadvantages of 3D &amp; virtual sampling?
Garments can be viewed on virtual figures before a prototype. Designers can view colour &amp; proportions. Buyers can give feedback on the digital garment. Disadvantages – Stretch, drape, thickness &amp; feel cannot be accurately simulated.
31. Why are activity times different to lead times?
Activity times are how long it takes to complete activities such as pattern alterations &amp; fitting. Lead times are from request to approval. Digital tools can reduce activity times however lead times depend on availability of material, testing, buyer feedback &amp; approvals. A pattern may take minutes to alter in the factory but the fabric may take weeks.
32. How do the systems compare in terms of cost?
Traditional – Cost of fabric, trims, labour, finishing, packaging &amp; transportation. Digital – Can reduce reoccurring costs. Patterns can be reused. However cost of software, equipment, training &amp; support. Benefits depend on volume &amp; amount of alterations. There are costs &amp; savings to consider.
33. Why can digital communication not solve everything?
Improves accessibility &amp; recording however cannot clarify unclear instructions. Physical approvals may still be required for colour, feel, fit &amp; finish. Version control can be an issue.
34. Why is physical testing required for knitwear?
It can be difficult to judge stitch structure, yarn behaviour, stretch back, joining &amp; finishing. A digital pattern or 3D may not guarantee a good fit. Results depend on input data &amp; knowledge of operator. This is important for sweaters &amp; knitwear.
35. What was mentioned regarding sustainability?
Traditional sampling causes extra material, energy &amp; transportation. Textile waste occurs with failed samples. Digital can reduce some of this. 4 garment models were looked at using life cycle assessment. Virtual sampling had a lower impact. This varied depending on the garment. Digital systems use electricity &amp; physical samples may still be required for feel, drape &amp; colour. Benefits depend on how many samples are avoided.
36. What are the main challenges?
Traditional – Time, waste, coordination, paper based communication &amp; long approvals. Modern – Initial costs (difficult for SME’s), inaccurate materials, training &amp; software compatibility between designer, merchandiser, factory &amp; buyer.
Chapter 5: Conclusion &amp; Recommendations
37. What was the main conclusion?
Neither system is better in all situations. Traditional methods aren’t outdated as physical samples are still used to confirm fit, fabric behaviour &amp; construction. Modern methods offer visualisations, quick communication &amp; efficient alterations. A sensible approach is to use a hybrid method especially in the RMG sector in Bangladesh. This depends on the complexity of the product, buyers requirements, capacity, cost &amp; delivery times.
38. What indicators should be monitored to ensure efficiency?
Development time, overall lead time, sampling cost, alterations, communication efficiency, approval time &amp; resources.
39. What were the 10 recommendations?
Use a hybrid method. Start with digital tools. Invest in CAD &amp; 3D gradually. Use virtual samples. Standardise communication. Use version numbers/dates. Train staff on CAD, 3D, virtual fitting, digital documentation &amp; fabric behaviour. Monitor metrics e.g. design time, sample time, alterations, approval lead time, material usage &amp; tool cost. Improve resource efficiency. Measure environmental benefit. Use PLM gradually. Use quality gates for measurements, fit, construction, colour, craftsmanship &amp; buyer compliance. Support SME’s by starting with digital technical documentation, standardised measurement sheets &amp; basic CAD.
40. What suggestions have been made for future research?
More people &amp; variety of samples. Measured time &amp; cost savings. Control variables when comparing 3D &amp; physical samples. Life cycle assessment. Digital adoption in the knitwear, woven &amp; sweaters sector in Bangladesh. Digital skills &amp; education. PLM &amp; communication. Use AI &amp; digital twins. Pilot hybrid method. Longitudinal studies.

Quick Check

Claim – Hybrid is better than either system.
Key point – Activity time vs overall lead time.
Key point – Simulation doesn’t guarantee good fit.
Key issue – Costs, skills &amp; compatibility. Especially for SME’s.
Key weakness – No real data from survey. Conclusions based on literature.
Best way to implement – Start with digital communication. Then CAD. Then 3D/PLM.
PART A: KEY TERMS

Process Terms

Apparel Product Development (APD): The entire process of developing a garment from the point of market requirement to approval; including research, design, material selection, pattern creation, sampling, fitting, costing, approval and being ready for production.

Development Time: The amount of time taken to undertake development activities (such as patterns).

Lead Time: The amount of time taken to receive approval. This is more commonly used to mean from order to delivery. Includes waiting for fabric, feedback and approvals. This distinction is key to this thesis as simply having lower development times doesn’t mean you have a shorter lead time.

Pre-costing: An initial cost estimation. It is recommended to use this when creating knitwear (Pitimaneeyakul et al.)

Re-sampling: When a sample needs to be created due to failures in design, sizing, fit and quality. This will take extra time, fabric, labour and often postage.

Sample Types: Development, Fitting, Sizing Sample and Pre-production Sample.

Tech Pack: A technical document containing specifications, measurements, construction and materials. Can be done digitally.

Tacit Knowledge: Knowledge that cannot be easily written down. Examples include pattern makers understanding of balance. Traditional pattern making makes heavy use of tacit knowledge.

Technology Terms

CAD: Computer Aided Design. Allows for designing, patterning, grading and storing. Changes can be made by amending the file rather than drawing.

CAM: Computer Aided Manufacturing. Links the digital design to the production machinery. CAD is a step towards having an integrated workflow.

Grading: Scaling up/down the base pattern.

Marker: Pattern layouts on the fabric to cut. Done digitally via CAD.

3D Visualisation: Seeing a 3D version of the garment on a digital avatar for the team to evaluate the silhouette, proportions and drape.

2D to 3D/3D to 2D: 2D to 3D involves placing flat patterns onto a digital body and 3D to 2D involves designing on a 3D body and converting back to patterns.

Virtual Sampling: Using digital methods to evaluate the design. Helps reduce number of prototypes.

Virtual Fitting: Testing fit on a virtual mannequin. Fabrics can be simulated by weight, stiffness and stretch. The accuracy will depend on the accuracy of the body and fabric information.

PDM and PLM: Product Data Management. PLM evolved from PDM. Stores design, material, specs, colour, measurements, costing, comments and approvals.

Industry 4.0: A wave of smart data driven technologies. Was studied in new product development in apparel (Wijewardhana et al.)

Digital Twin: Digital copy of a physical product/process. This was mentioned in future research.

Research Terms

Mixed-Methods: Uses both quantitative and qualitative data.

Purposeful (Criterion): Respondents chosen based on criteria. Non probability so cannot statistically generalise.

Triangulation: Results validated from multiple sources. This study uses questionnaires, interviews, observation and literature.

Likert Scale: Used to give perception. Strongly disagree to strongly agree.

Cronbach’s Alpha: Statistic that shows how internally consistent a multi-item scale is. This isn’t enough on its own. Alternative is Omega.

Content Validity: Questions are appropriate. Checked by experts and piloting.

Thematic Analysis: Qualitative responses are coded into themes. This uses the Braun and Clarke method.

Descriptive Statistics: Information such as frequencies, percentages, means and standard deviations.

Sustainability Terms

Life Cycle Assessment (LCA): Measures the environmental impact throughout a products life. Four garment models were looked at. Some indicators were reduced through virtual sampling but results differed between models.

PART B: STRENGTHS

B1. Logical Argument

The thesis didn’t try to declare a winner. It argued that traditional methods provide physical certainty whereas digital methods provide speed and visibility. A hybrid approach is suited for most firms. This is logical and agrees with the literature. It was found that some aspects of garment-man interaction couldn’t be fully replicated digitally.

B2. Activity Time vs Lead Time

The clearest aspect of this work. Many of the poorer papers stated digital methods reduce lead time. This work clearly explained the difference between activity and waiting time. Waiting time can include fabric, testing, buyer feedback and approvals. This leads to more honest conclusions.

B3. Covers Full Process

The thesis covers all areas of development. Including design, materials, patterns, sampling, fitting, amendments, communications, approval, costing and documentation. This addresses the fragmentation issue mentioned within the literature. Most studies previously have only looked at one area or one technology.

B4. Multi Dimensional Efficiency

Efficiency was measured in multiple ways. Time, cost, perceived accuracy and quality. Additional factors of communication, approval and amendments were included.

B5. Thoughtful Research Design

The design was thoughtful. Included piloting, content validation by experts, Cronbach’s Alpha (with a note on the issues), triangulation, ethical considerations and a 4 stage thematic analysis. The mention of Cronbach’s Alpha not being the only evidence of quality shows awareness of current practices.

B6. Specific Recommendations

There were 10 recommendations. These were very specific. Included version numbers/dates, quality gates, a list of metrics and starting with digital tech documents and basic CAD as an SME. Could be implemented by a manager.

B7. Honest Limitations

The thesis was honest. It said there was no survey data and conclusions were drawn from literature. It also mentioned that the results were preliminary. This is a strength but highlights the main issue below.

PART C: WEAKNESSES &amp; MISTAKES

C1. Main Issue – No Primary Data

Method stated that data would be collected using questionnaires, interviews and observation. Analysis would be done using SPSS. However, it was stated in chapter 4 that no actual figures were provided. This means the findings chapter shows what the results could look like. The research questions were answered using the literature meaning the primary data design wasn’t really used. This is the biggest issue for a thesis that claims to be mixed methods.

C2. Lots Of Duplication

Many sections were repeated. Chapter 3 was repeated almost verbatim. Chapter 4 had multiple versions of traditional findings, digital findings, comparison and sustainability. Chapter 5 had multiple versions of conclusions and recommendations. It was unclear which was the final version.

C3. Issues With Numbering

Introduction had skipped sections. Missing sections 1.3, 1.4, 1.5. Jumped from 1.2 to 1.6, 1.7, 1.8.

Chapter 3 was out of order.

Recommendations had issues with numbering. Had two recommendations numbered 2. Missing number 6. List had multiple issues with numbers (1, 2, 2, 3, 4, 5 but then went to 7-11).

Figures and tables referenced weren’t present. Figure 3.1, 3.2, Table 3.1, 4.1, 4.2, 4.3.

C4. Drafting Comments

“What is the aim of the research? What are the objectives of the study? What are the research questions?” This was a heading.

“Please write a 1000 word findings section using the following format.” This was written in Bengali and English.

“In this study citations have been removed. See the previous message.” This was part of the editing process and not part of the thesis.

"Seven questions that correspond directly to these objectives"

C5. Confusing &amp; Repetitive Sentences

"Students will learn and practice patternmaking and sewing skills" This was within a table in the findings section.

Multiple repetitive sentences. "The results were analyzed and a discussion followed. The results were discussed and analysed."

Within a table it said “Investment | 100k | 200k”. These figures aren’t explained at all. No currency, source or sample. Looks like they have been made up.

"safe to use for the intended purpose" This wasn’t part of any comparison criteria.

Multiple sentences cut off. “Consequently, contempora” “It is not a solu”

C6. Issues With Citations

Some citations were removed but some weren’t. This means there is inconsistency. One citation was written as Funny et al. (2021). Looks like this was meant to be Fung et al. (2021) but got corrupted. Fung was cited elsewhere for the same point regarding sustainability. No citations in the reference list. No way to validate any claims.

C7. Issues With Methodology

Sampling section said purposeful sampling couldn’t be generalised but some conclusions sounded like they were generalisable to the whole RMG sector in Bangladesh.

Piloting was done with a small group of students but elsewhere it said it was tested with academics and professionals. Students were not the target population.

Only mentioned using SPSS for descriptive statistics. To make comparative statements (modern systems are more efficient) an inferential test would be needed such as a paired comparison. No mention of this.

Perceptions were measured using Likert items. However, it was claimed that the system was efficient in terms of time and cost. This can’t be proven using perceptions.

C8. Traditional More In Depth

Traditional development was very in depth with each stage. Digital development wasn’t as in depth and mostly focused on what the tools could do. Real issues with digital development weren’t discussed such as poor fabric data leading to inaccurate drape.

C9. Little Bangladesh Info

Bangladesh RMG was mentioned multiple times but there was almost no local data. No info on buyer requirements, factory sizes, typical software used or labour skill data. Recommendations for SMEs were logical but generic.

C10. Sustainability Based On One Type Of Source

Environmental argument was based on LCA of 4 garment models. General statements about electricity. It was correctly stated that how many samples are avoided will determine the benefits. No estimation given.

PART D: HOW TO IMPROVE

Decide what type of thesis you want. Either gather real data and report or be honest and write a literature based comparison. Don’t make it mixed methods without any results. This is the worst option.

Remove duplication. Have one version of each section. Use the most detailed version.

Ensure all sections are properly numbered. Number sections 1.1-1.9 and ensure all figures and tables are present and referenced.

Remove any drafting comments. Remove any headings, editing comments, mixed language comments and any sentences referring to previous messages.

List the 7 research questions. Add to chapter 1. Ensure each question ties to an objective, method and results.

Correct any issues with text. Finish sentences, correct Funny to correct author and remove any misplaced sentences.

Either explain the 100k and 200k figures or remove them.

Add reference list. Ensure all in text citations are consistent. Add full bibliography.

Ensure piloting was done by people near to the target population.

Add inferential method. If comparisons are to be made, state what test was used and what would be considered a meaningful difference.

Add Bangladesh data. Add any data on buyer requirements, factory sizes and technology adoption.

Quantify sustainability. Estimate how many samples would be avoided per style. Link to saving in materials and transport.

PART E: VIVA PREP

During a viva you will be questioned. Usually examiners will ask about the weaknesses.

E1. "Your findings are not based on survey data. What are they based on?"

Be straight forward. State that the conclusions are based on literature and are preliminary. The primary data design was a validated framework ready to be used. Don’t claim that the survey supports the conclusions. Show that all the conclusions can be traced back to studies cited. Also state what data would prove or disprove the conclusions.

E2. "Why mixed methods and not just a survey?"

A survey could show if digital systems were perceived as quicker but wouldn’t show why. Interviews would explain why. Such as CAD changes to patterns or electronic approvals. The research questions were looking to see if there was a difference and why.

E3. "Does digital technology reduce lead time?"

It can reduce development time but not necessarily lead time. Lead time includes waiting for materials, testing, buyer feedback and approvals. For example, changing a pattern may take minutes but getting the fabric could take weeks.

E4. "Why is purposive sampling acceptable if it cannot generalise?"

The aim was to get in depth responses and compare from people who know both systems. This means the results have been interpreted for the selected respondents and context. Generalisability was a limitation.

E5. “Are the 100k and 200k investment figures real?”

Be honest. If you can’t find a source then say they are just examples and shouldn’t be cited. You can offer to change them.

E6. "Is virtual fitting accurate enough to replace physical fitting?"

No. Accuracy will depend on the body, fabric data and skill of operator. Stretch, drape, thickness and texture are hard to replicate. Studies showed some garment-man interaction couldn’t be fully replicated. Best used for early checks of silhouette and proportion. Should be validated using physical fitting.

E7. "Why recommend a hybrid? Isn't that a safe, vague answer?"

It’s specific. It shows which activities should be done digitally first (communications, technical documents and early visual check). Which should be done physically (final fitting, fabric behaviour, construction and knitwear stretch recovery). Metrics to test if this is the right choice were also provided (sampling cost, amendments, approval time and material use).

E8. “What would you do differently?”

Choose 2 or 3 from Part D. Gather real data, remove duplication and add Bangladesh specific data. This shows you have control over your work by stating what improvements you would make.

E9. “What is your contribution?”

Provided a structured comparison of the two systems. Clearly showed the difference between development time and lead time. Multi dimensional framework for efficiency. Provided a staged roadmap for SMEs.

E10. Tips

Answer then explain.

Never try to justify an error. Admit it and state how you would fix it.

Have a one line summary. "Neither system wins everywhere, so use digital for visibility and speed, physical for proof."

PART F: 6 SLIDE PRESENTATION

Slide 1: Title &amp; Context. Why speed of development is important in Apparel. Context of Bangladesh RMG.

Slide 2: Problem &amp; Aim. Re-sampling causes delays, extra fabric and postage. Digital tools have limitations. Aim of study.

Slide 3: Two Systems. Table showing design, patterns, sampling, fitting, communication, approval and documentation.

Slide 4: Method. Mixed methods. Purposeful sampling. Questionnaire &amp; interview. Analysis using SPSS. Clearly stated that results were based on literature.

Slide 5: Key Findings. Development time vs lead time. Limitations of simulation. Cost trade off. Sustainability conditions.

Slide 6: Recommendations &amp; Next Steps. Staged hybrid approach. Main future research.

Final Takeaway

This thesis had a good idea and useful framework but reads like a draft. The strongest aspects were the hybrid argument and lead time distinction. The weakest aspects were no data, duplication and figures with no source. Once these are fixed it becomes a solid comparison study.

I can provide the 5 sections in one Word/PDF study pack. Or I can draft a clean version of any individual chapter.
Part 6: Clean, Merged &amp; Thesis

This section will include the improvements from part 5. It will include merging together all duplicate sections, numbering, and removing all drafting. Only authors cited within the text will be included. Funny et al. will be changed to Fung et al. (2021). Any real results from the survey will be replaced by a placeholder.

## CHAPTER 1: INTRODUCTION

### 1.1 Background
The apparel industry is a fast changing industry. There is always changes in customer demand, products becoming obsolete quickly and a need to reduce lead times. The development stage is crucial in determining how well a garment will be within production. Using trends, fabric and trims, pattern making, sampling, fitting, specifications, costing and approvals the idea will be turned into an item that is commercially viable. Many people will be involved in this process, including designers, merchandisers, pattern makers, production, buyers and suppliers.

Digital techniques have been introduced. Traditionally the development process involves using sketching, paper based techniques and sampling. Each change during this process will involve communication and often a new sample. However, new samples, patterns and specifications are created using computer aided design (CAD), 3D visualisation, virtual prototyping, electronic approvals and product life cycle management (PLM). This can help reduce the number of prototypes and material required however it depends on the situation. However, there are challenges to overcome such as cost, infrastructure, skills, software and adapting to this new process.

### 1.2 Problem Statement
Manufacturers want to reduce development time whilst maintaining quality. Traditional techniques provide tangible information regarding the product, however this can cause excess material, time, labour and transport due to the sample needing to be repeated. Digital techniques do not replace the need for a physical sample as fitting issues can be identified. This is an on-going concern for the ready made garment (RMG) industry in Bangladesh.

### 1.3 Aim
To compare traditional and modern apparel product development and determine how technology has influenced the design, sampling, amending, communication, time and efficiency.

### 1.4 Objectives
To identify the stages of traditional and modern product development.

To compare traditional and modern techniques.
To determine how technology has influenced the development.
To identify any benefits or limitations.

To discuss differences in time, cost, sampling, communication and approvals.
To evaluate how modern techniques can increase efficiency.

### 1.5 Research Questions
What are the stages of traditional and modern product development? (1)
How do traditional and modern techniques differ at each stage? (2)
How does technology influence the design, patterns and sampling? (3)
What are the benefits of traditional and modern? (4)
What are the limitations of traditional and modern? (4)
How do traditional and modern differ in terms of time, cost, communication and approvals? (5)
How can modern techniques improve development? (6)
### 1.6 Significance of the Study
This study will provide a structured comparison of how the development has evolved. Future Research will know the framework to follow when looking at digital techniques, virtual sampling, sustainable techniques and adoption of technology. It will also provide information on the organisation and human factor.
### 1.7 Scope
Only the development stage will be looked at. This involves fabric and trim selection, pattern making, sampling, fitting, communication and approvals. Manufacturing, retail and customer behaviour will not be included. The results will only apply to the research context chosen.
### 1.8 Limitations
Limited access to industry professionals and limited time.
Company confidentiality and limited access to systems.
Reliance on opinions from professionals.
Not applicable to all company sizes, product types and levels of technology.
## CHAPTER 2: LITERATURE REVIEW
### 2.1 Introduction
This section provides the theoretical and empirical basis for the research. The research will look at previous research and compare and combine information. Apparel product development (APD) is a multi-disciplinary process that takes an idea or market requirement and produces an approved product for production. The literature is quite fragmented, focusing on specific areas such as process, technology, sustainability, collaboration and individual stages. This section will combine the research to answer the question ‘How do traditional and modern techniques differ?’.
### 2.2 Foundations of Apparel Product Development
APD is a multi-disciplinary process that takes an idea or market requirement and produces an approved product for production. Having a clear process can help companies adapt to market changes, planning new lines and choosing the right technology for the business (Pitimaneeyakul et al., 2004). It covers from the initial idea the designer will have to the final preparation of the style for production (Senanayake, 2015). Efficiency is dependent on collaboration, communication, tools and technology. Previous models have focussed on design and style selection rather than involving the customer and suppliers (Seram et al., 2016), showing that APD is a collaboration between different parties.
Themes that have emerged in the literature are:
Quality, cost and time are affected by early decisions and the technology capabilities (Wijewardhana et al., 2021).
Fabric, yarn and trims should match the design, target market and cost. In knitwear the yarn properties and knit structure will impact the handle, stretch, stability and fit.
Pre-costing should be done at the beginning of knitwear development (Pitimaneeyakul et al., 2004).
Patterns are iterative (Meng et al., 2012) and will involve amending.
Communication issues will cause extra loops.
### 2.3 Traditional Development Process
The traditional process includes market research, design, fabric/trim selection, technical design, pattern making, sample making, fitting, amending, costing, approvals and preparation for production. Due to the physical nature of the process, samples will often be amended due to issues with design, measurements, fitting or quality. Accuracy will depend on communication, experience and materials.
### 2.4 Traditional Product Development
Traditional techniques use manual techniques, physical materials and sequential communication. Design is done using hand drawing, mood boards and swatches. This can be very creative but can be misinterpreted. Fabric is felt to identify weight, drape, stretch and texture. Patterns are made by skilled individuals using hand drafting. If amendments are required then patterns will need to be redrafted. Samples will be made to show what the drawings look like. Fitting will be done on a model or mannequin and will cause amendments. Excess fabric, labour and time will be required for re-sampling. Specification and communication will be on paper and be passed from department to department causing delays.
The benefits of this process is physical evaluation and skilled individuals. The limitations are physical techniques, reliance on individuals, fabric is used for each sample and delays in approvals due to shipping.
### 2.5 Modern Product Development
Modern techniques have been introduced to increase speed, flexibility, keep costs low and limit material waste. Digital techniques can be used to increase knowledge on apparel.
CAD can be used to amend, grade, store and reuse patterns. It will also produce markers. CAD can be integrated with CAM meaning it is a step towards a fully integrated digital process. 3D Visualisation can be used to show the garments on a virtual avatar. 2D to 3D will flatten out the 2D pieces onto a virtual body. 3D to 2D will turn the 3D design into patterns. Virtual sampling can be used to assess the design. This can reduce the number of prototypes. Virtual fitting can be used to test the proportions, tension and drape on a virtual body. Fabric will be simulated by weight, stiffness and stretch. Accuracy will depend on the body model and fabric data. Communication will be on digital platforms, video calls and approvals. PLM has evolved from product data management. It will centralise the design, fabric, specifications, colours, measurements, costing, comments and approvals. It can help with collaboration and change management. It is integrated with reducing time from concept to production.
Industry 4.0 components are used throughout different stages of new product development (Wijewardhana et al., 2021). Modern techniques will integrate technology, skills and decision-making. Cost will be incurred with software, hardware, training and integration. This will have the biggest impact on organisations with limited resources.
### 2.6 Environmental Sustainability
Environmental, social and economic sustainability should be integrated throughout the development process (Fung et al., 2021). Traditional sampling causes fabric, energy and transport waste. Digital design, virtual prototyping and digital sampling can reduce this. Studies show 3D prototyping and PLM can reduce environmental impact. Digital techniques will require electricity so overall benefit will depend on the amount of samples avoided.
### 2.7 Combined Comparison
Design Hand Drawing CAD &amp; Digital Design
Pattern Making Hand Drafting Digital Pattern Making
Sampling Physical Virtual Sample
Fitting Physical 3D Virtual Sample
Communication Paper Based, Meetings &amp; Phone Digital Communication
Documentation Paper Based Digital &amp; Version Control
Time Increases with Resampling Can Reduce
Investment Low High (Software, Hardware &amp; Training)
Skills Manual &amp; Technical Apparel &amp; Digital
Overall, the two systems compliment each other. Physical verification is required for certain properties of the garment. This chapter has identified there is a gap in research to compare the two systems and how they differ throughout the whole process.
## CHAPTER 3: METHODOLOGY
### 3.1 Research Approach
Mixed methods have been used as the topic requires quantitative and qualitative data. Structured questionnaires will be used to gather quantitative data relating to time, cost, sampling, fitting, communication, approvals, technology and perceived efficiency. Interviews and observations will be used to gather qualitative data explaining why and how the two systems differ.
### 3.2 Research Design
A mixed methods design has been used to compare traditional techniques (Sketching, Hand Patterns, Physical Sample, Fitting, Comments, Amending, Resampling &amp; Approvals) with modern techniques (CAD, Digital Patterns, 3D Visualisation, Virtual Sampling, Digital Communication, Electronic Approvals &amp; PLM). Often companies will use both techniques meaning they could be seen as complementary. The extent of the technology will be measured.
Efficiency will be measured across:
Time – Design, Sampling, Fitting, Amending, Communication &amp; Approvals.
Cost – Sampling, Re-Amending, Materials, Transport &amp; Technology.
Perceived Accuracy &amp; Quality – Accuracy, Visualisation, Fitting, Construction &amp; Product Information.
### 3.3 Population &amp; Sampling
The population will be apparel professionals involved in product development. Criterion based purposive sampling will be used to ensure participants have experience in at least one stage of development and have experience in traditional or modern techniques. This is a non-probability sample meaning information rich responses will be provided but they will not be statistically representative.
### 3.4 Data Collection
Primary data – Structured Questionnaire, Semi-Structured Interview &amp; Observation (If allowed and no confidential information is recorded).
Secondary data – Peer Reviewed Articles, Books, Conference Papers &amp; Industry Reports.
The questionnaire will include 4 sections: Professional background, Traditional Techniques, Modern Techniques &amp; Comparison. It will be made up of multiple choice, categorical and likert questions. The interview will include questions on: Traditional Techniques, Modern Techniques, Time &amp; Cost, Communication, Sampling &amp; Fitting, Technology &amp; Efficiency &amp; Advantages &amp; Limitations.
### 3.5 Validity &amp; Reliability
Content validity will be ensured by ensuring each question relates to the objectives and research questions. Expert review, pilot testing with apparel professionals or academics close to the target population and any ambiguous questions will be amended or removed. Reliability will be measured using Cronbach’s Alpha for multi-item scales. Omega will be used to compliment alpha as it is not enough evidence of quality. Reliability of interviews will depend on consistent core questions, accurate transcriptions and consistent coding.
### 3.6 Data Analysis
Quantitative data will be analysed using IBM SPSS. Frequency, percentage, mean and standard deviation will be shown. An appropriate inferential test (e.g. Paired comparison) will be identified and mentioned if the comparison statements require it. Qualitative data will be analysed thematically. It will follow the 4 stages outlined by Braun &amp; Clarke: Familiarisation, Coding, Theme Development &amp; Review. Findings from both will be compared to ensure they agree, differ and compliment each other.
### 3.7 Ethical Considerations
Voluntary participation, Purpose explained, No confidential company data requested, Interviews recorded with consent, Data coded and securely stored.
## CHAPTER 4: RESULTS &amp; DISCUSSION
[Note: Placeholder values have been used as no completed data was available. Findings from literature will be discussed.]
### 4.1 Respondent Information
The respondents will be split into Gender, Age Group, Education Level, Designation, Years of Experience, Area Involved &amp; Exposure to Both Systems. [Insert Frequencies &amp; Percentages]. Age and experience are important as those with longer experience will have knowledge of manual techniques and often have seen the digital techniques come into place.
### 4.2 Traditional Techniques
Typically the process will include market research, buyer requirements, sketching, fabric/trim selection, hand pattern making, cutting &amp; sewing, fitting, comments, amending, resampling, approvals &amp; preparation for production. Benefits of this technique include physical evaluation of fit, texture, construction and quality. It also involves manual skills. Limitations include slower processes, waste of materials, storage of samples, paper based information &amp; slow feedback. This will act as a benchmark for comparison with modern techniques. [Insert Questionnaire Results - Time, Cost &amp; Resampling Frequency].
### 4.3 Modern Techniques
CAD can help make amending, grading &amp; storing patterns easier. It will also ensure consistent technical information. However accuracy will depend on accurate measurements. 3D &amp; Virtual Sampling can help teams view the garment before a prototype. However stretch, drape, thickness &amp; texture will be difficult to simulate. Digital files and platforms will make sharing and recording changes easier. Electronic approvals can reduce the need to send samples however some buyers will still require physical samples. Version control can be an issue. [Insert Results - Technology &amp; Perceived Efficiency].
### 4.4 Comparison
Time &amp; Lead Time – Digital techniques can reduce the time taken to amend and change patterns. However lead time will depend on availability of materials, testing, buyer feedback &amp; approvals. Time taken to complete activities will need to be considered.
Cost – Traditional sampling will incur costs of fabric, trims, labour, finishing, packaging &amp; transport. Digital techniques will reduce recurring costs however initial costs will be incurred with software, equipment, training &amp; support. The more the volume and amending then the more benefit.
Communication &amp; Approvals – Digital techniques will ensure good access to information with packaging, pictures &amp; 3D views. However if instructions are unclear they cannot be fixed. Physical approvals may still be required for colour, texture, fit &amp; finishing.
Accuracy &amp; Quality – Just because there is a digital pattern or 3D simulation does not mean it will fit properly. It will depend on the data inputted and knowledge of the operator. Knitwear specifically will need physical testing to ensure the stitch structure, stretch recovery, linking &amp; finishing.
Overall – Traditional technique has benefits of manual skills and physical interaction. Modern technique has benefits of collaboration and less unnecessary sampling.
### 4.5 Sustainability
Repeated sampling will incur costs of fabric, trims, energy &amp; transport. Textiles will also be wasted. Virtual sampling can reduce some of this. Four garment models were looked at using life cycle assessments and there were varying reductions depending on the garment. Digital techniques will incur electricity costs and samples will still be needed for texture, drape &amp; colour. The overall benefit will depend on how many samples are avoided. [Insert Estimated Amount of Samples Avoided Per Style].
### 4.6 Challenges
Traditional techniques suffer from time, waste, collaboration &amp; slow paper based communication. Modern techniques suffer from initial costs, inaccurate materials, training &amp; software compatibility between designers, merchandisers, factories &amp; buyers. Smaller &amp; Medium sized companies will feel the biggest impact from the initial costs.
### 4.7 Discussion
Traditionally if there is a change requested by the buyer a new pattern, sample &amp; approval will be required. Modern techniques can help test some features however physical testing will still be needed for fit, fabric, stitching &amp; construction. Digital evaluation will require accurate measurements, fabric settings &amp; specifications. Communication will depend on documentation &amp; version control. Neither technique will be better in all situations. The most appropriate technique will be selective physical sampling with digital evaluation.
Research Instruments

This thesis does not include the actual questionnaire, interview guide and observation. This section provides all of the instruments, coding framework and analysis plan discussed in chapter 3. These instruments are examples to be used when collecting actual data. No made-up data is present and all items relate back to the objectives listed in part 6.

PART A: Alignment with Research Questions

RQ 1: RQ 2: RQ 3: RQ 4: RQ 5: RQ 6: RQ 7:
Questionnaire Interview Analysis
Stages of each system B/C 1/2 Frequencies and Themes
Stages differences B/C/D 1/2/5 Pairs
Technology influence C 6 Means and Themes
Benefits B/C 7 Means and Themes
Limitations B/C 7 Means and Themes
Time, Cost, Communication &amp; Approval D 3/4 Pairs

Efficiency D 6/7 Pairs and Themes
Each research question has been covered by at least one section in the questionnaire and theme in the interview. This helps to provide triangulation (Chapter 3).
PART B: Participant Information &amp; Consent Sheet
This should be at the front of the questionnaire, and read out at the start of each interview.
Background
This research is looking at comparing traditional and modern apparel product development. Thank you for taking part as you either work within or closely with product development.
What will happen?
You will be asked to complete a questionnaire (approx. 15-20 mins) and may be asked to take part in an interview (approx. 30-40 mins).
Voluntary
All questions can be skipped and you can withdraw at any time.
Confidentiality
Please do not include any confidential company information such as buyer names, pricing or proprietary designs. All responses will be reported as grouped data. Interviews may be recorded with your consent and recordings and notes will be stored securely.
By continuing you agree that you understand and agree to take part.
PART C: Questionnaire
Rating Scale
All items are on a 5 point scale (unless specified) where 1=Strongly disagree, 2=Disagree, 3=Neutral, 4=Agree and 5=Strongly agree. Questions in sections B, C and D have been kept the same so the traditional and modern can be easily compared.
Section A: Professional Background
A1: Gender: Female Male Other Prefer not to say
A2: Age: &lt;25 25-34 35-44 45-54 55+
A3: Highest Education: Diploma Bachelors Masters Other
A4: Role: Designer Merchandiser Product Developer Pattern Maker Sample Section Production Technical Other
A5: Experience in Apparel Industry: &lt;2 2-5 6-10 11-15 &gt;15
A6: Direct involvement in: Design [ ] Material Selection [ ] Pattern Making [ ] Sampling [ ] Fitting [ ] Costing [ ] Communication [ ] Approval [ ]
A7: Products worked on most: Knitwear Woven Sweaters Other
A8: Company Size: &lt;100 100-499 500-999 1000+
A9: Which best describes you? Mainly Traditional Mainly Modern Mix of both Moved from traditional to modern
A7 and A8 have been added because generalisability is highlighted as a limitation in the thesis. Including this means we can see if there are any differences in responses based on the groups.

Section B: Traditional
How much do you agree with the following statements regarding traditional practices in your organisation?
Design &amp; Materials
B1: Ideas are mostly communicated via sketching, mood boards and swatching.
B2: Sketches can sometimes cause confusion with other departments.
B3: Physical assessment provides information that cannot be obtained any other way.
Patterns &amp; Sampling
B4: Patterns are mostly sketched.
B5: Patterns are usually redrawn if altered.
B6: First sample is usually approved without changes. (Reverse score)
B7: Resampling is regularly required.
Fitting &amp; Approval
B8: Model / Mannequin fitting provides reliable information on true fit.
B9: Shipping samples causes noticeable delays in approval.
B10: Approval is usually dependent on a physical sample.
Communication &amp; Documentation
B11: Specifications are mostly paper based.
B12: Feedback between departments is often delayed.
B13: Fabric and trims usage is high due to multiple samples.
Skills &amp; Quality
B14: Results heavily rely on individual knowledge and experience.
B15: Physical checks make me confident in construction and quality.
Section C: Modern
How much do you agree with the following statements regarding modern practices in your organisation? Note: ‘Not used in my organisation’ has been added to each item.
CAD &amp; Patterns
C1: Patterns are created/edited in CAD.
C2: Altering patterns is quicker in CAD.
C3: Grading and storing patterns is easier in CAD.
3D &amp; Virtual Sampling
C4: We use 3D to view garments before sampling.
C5: Virtual sampling reduces number of samples.
C6: Virtual fitting is accurate enough to assess silhouette and proportion.
C7: Virtual fitting can’t fully assess stretch, drape and texture.
Communication &amp; Approval
C8: Specifications and comments are shared digitally.
C9: Digital communication speeds up feedback between departments.
C10: Approval is reduced as samples aren’t shipped.
C11: Some buyers still want physical samples.
PLM &amp; Documentation
C12: Product information is stored in a centralised system (e.g. PLM).
C13: Version control of digital information is reliable.
Issues
C14: Cost of software/equipment is a barrier.
C15: More training is required to use digital tools effectively.
C16: Compatibility issues with software between us and partners.
C17: Difficult to find accurate fabric information for simulation.
Section D: Efficiency
Compare the two systems. 1=Much worse with modern methods, 2=Slightly worse, 3=About the same, 4=Slightly better, 5=Much better.
In my experience, modern methods have improved:
Time
D1: Design time
D2: Sampling time
D3: Fitting time
D4: Alteration &amp; Revision time
D5: Communication time
D6: Approval time

D7: Overall lead time
Cost
D8: Sample development cost
D9: Cost from multiple alterations
D10: Material cost
D11: Transport cost
D12: Overall cost (Taking in technology investment)
Accuracy &amp; Quality
D13: Accuracy of measurements
D14: Seeing the final garment
D15: Fit
D16: Quality of product information
Overall
D17: Overall efficiency
Quantitative Questions (Optional)
D18: On average how many physical samples are made before approval for a typical style? _
D19: On average how many physical samples are made before approval for a typical style with digital tools? _
D20: On average how many days between initial sample request and approval? Traditional:_ Modern:_
It has been separated out to really test the key argument of the thesis. If the results show that the answers for D1 to D6 are better but the answer for D7 is only about the same, this supports my argument.
Section E: Open Questions
E1: What is the biggest benefit of the system you use most?
E2: What is the biggest issue you face with this system?
E3: Are there any tasks that should always be done physically? Why?
E4: What would help your organisation use digital tools more effectively?
PART D: Interview Guide
The same questions should be asked to each interviewee. Probing questions should be used where appropriate. The interviews are semi-structured so the answers can be followed up as they appear.
Introduction (2 mins)
Read consent statement. Confirm they are happy for you to record. Ask them to tell you about their role and what products they work on.
Theme 1: Traditional
1. Can you walk me through how a style is developed from idea to approved sample within your organisation? How is this done manually?
Probing: Where are there delays?
2. How many times are styles resampled?
Probing: What causes most resampling?
3. What do you think the physical process does better than anything else?
Theme 2: Modern
4. What digital tools do you use? At which stages?
Probing: CAD, 3D, Virtual Sampling, PLM &amp; Electronic Approval.
5. How has this changed the way you work?
6. What happens if there is a discrepancy between the digital and physical results?
Theme 3: Time &amp; Cost
7. Where do you see real time savings from using digital tools? Where have you not seen any?
Probing: Compare time spent on task vs time to final approval.
8. Have you seen any cost savings or additional costs from using digital tools? (Materials, Transport, Software &amp; Training)
Theme 4: Communication
9. How are comments and alterations passed between departments and buyers?
10. How do you know what version you are on?
Probing: What issues have you had with versioning?
11. Do buyers approve digitally? When do they want physical samples?
Theme 5: Sampling &amp; Fitting
12. Which garments are good enough to be virtually fitted?
13. Which are not? (Knitwear, Stretch &amp; Structured)
14. How do you ensure fit when less physical samples are made?
Theme 6: Technology &amp; Efficiency
15. What does an efficient development process look like?
16. What would you change first to improve efficiency?
17. How prepared is your organisation to be more digital? (Skills &amp; Infrastructure)
Theme 7: Benefits &amp; Limitations
18. To summarise what are the main benefits and limitations of each system?
19. If you could design the perfect process, what would you do physically and digitally?
Conclusion (2 mins)
Is there anything we have missed? Thank them and remind them how their data will be used.
PART E: Observation Checklist
Only complete this if permitted by the organisation. Do not include any confidential information.
Observation Traditional Modern
Tools used in pattern stage
How changes are recorded
Number of physical samples per style
How feedback is passed between staff
Specifications (Paper/File/System)
Version control
Physical checks
Note the date, location and activity. Write in a neutral tone providing information.
PART F: Analysis Plan
F1: Data Preparation
Ensure all questionnaires have been completed and remove any with large sections missing.
Reverse score negative questions (e.g. B6) so higher scores always mean the same.
‘Not used’ responses in section C need to be treated as its own category. Do not include in means.
Note how many questionnaires were handed out, returned and used to provide response rate.
F2: Reliability
Calculate Cronbach’s Alpha for all multi-item scales. This would be section B, C and D (sub groups: Time, Cost &amp; Accuracy). As mentioned in the thesis this isn’t enough on its own so if possible also calculate Omega. Look at items causing scales to have low reliability.
F3: Descriptive Statistics
Provide frequency and percentage for section A. Provide means and standard deviations for rating questions. Create bar charts for categorical data and means table for rating data. The mean will show the overall trend and the standard deviation will show how much disagreement there was.
F4: Comparisons
There are a few comparisons that could be made. Name them:
Paired Comparison: Compare section B and section C scores. This will look at how they compare on the same topic (e.g. Communication &amp; Approval). Conduct a paired samples t-test if the differences are roughly normally distributed or Wilcoxon Signed Rank if they aren’t.
One Sample Test: Look at section D to see if the mean differs from 3 (about the same). Conduct a one sample t-test or Wilcoxon Test. This will show if modern methods are seen as better or worse.
Activity time vs Lead time: Compare D7 with the average of D1-D6. This will show if there is a gap and support the argument in the thesis that just because activity time is less doesn’t mean lead time will be less.
Physical Samples: Compare D18 and D19. Conduct a paired test and provide median difference.
Role, Product &amp; Company Size: Compare results between roles, products and company size using a Mann Whitney or Kruskal Wallis test. This will directly address the limitation of generalisability.
Provide effect sizes. As this is a purposive sample the tests are showing what the respondents think and do not prove anything about the whole industry.
F5: Qualitative Analysis
Complete the 4 stages mentioned in chapter 3.
Familiarisation: Transcribe interviews and fully read through each one.
Coding: Identify meaningful statements and add short codes.
Theme Development: Group similar codes together. Ensure themes fit the data.
Reporting: Write up themes with a short anonymous quote.
Below is an example of some codes to start with. These can be expanded using the real data.
Theme Example Codes
Time Speed of alteration, Waiting for fabric, Delayed approval
Cost Sample cost, Software cost, Training cost, Transport
Fit &amp; Accuracy Limitations of simulation, Stretch, Drape, Physical checks
Communication Version confusion, Delayed feedback, Shared platform
Skills Training required, Tacit knowledge, Resistance to change
Sustainability Waste, Less samples, Electricity usage
Buyer Influence Want physical samples, Accept digital approval
Hybrid What is still done physically, What has moved to digital
Have someone else code a sample of the transcripts to ensure reliability.
F6: Triangulation
Create a joint display table to show how the numbers relate to reasons.
Topic Questionnaire Interview Agreement
Time [Insert mean] [Insert Theme] Agree/Differ/More Detail
Cost
Communication
Accuracy
Sustainability
If there are discrepancies then be honest and this will be a finding.
PART G: Results Tables
These templates can be filled in chapter 4 once data has been collected.
Table 4.1: Respondent Profile
Variable Category n %
Role Designer
Merchandiser
Table 4.2: Traditional (Section B)
Item Mean SD % Agree/Strongly Agree
B1
Table 4.3: Modern (Section C)
Item n using Mean SD
C1
Table 4.4: Efficiency (Section D)
Dimension Mean SD Test against 3 Effect Size
Design Time (D1)
Overall Lead Time (D7)
Overall Cost (D12)
Overall Efficiency (D17)
Table 4.5: Physical Samples per Style
System Median Range n
Traditional
Modern
PART H: Pilot Checklist
Before collecting data, complete a pilot with 8-12 people from close to your target population (e.g. Working merchandisers, pattern makers and academics with industry experience).
Check how long the questionnaire takes to complete. Try to keep under 20 mins.
Ask pilot participants which questions were unclear, repetitive or irrelevant.
Check ‘Not used’ options are working in section C.
Calculate initial alphas for each scale. Look at items with low scores.
Test interview guide with 2 people. Remove overlapping questions.
Check recording and storing process works.
Note any changes made after the pilot so this can be described in chapter 3.
PART I: Common Errors
Claiming there are savings when there isn’t any. Section D looks at perceived differences. Be clear that this is not measuring time or cost savings. Unless there is numerical evidence from D18-D20.
Treat ‘not used’ as neutral. If they haven’t used 3D they cannot really score it so they should be excluded.
Generalising from purposive sample. Describe what the respondents were and where findings may not apply.
Mixing activity time and lead time. Ensure D1-D6 and D7 are kept separate in all tables and charts.
Only including positive quotes. Include negative opinions to make findings more credible.
[bookmark: _GoBack]Don’t do a pilot. The most common cause of low reliability is unclear questions.
